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SECTION 1
MOTOROLA'S M68000 FAMILY

In this manual, descriptions of the devices in the M68000 Family are grouped in six categories.
The processor group includes 8-, 16-, and 32-bit microprocessors, all using 32-bit internal archi-
tecture with 17 general-purpose data and address registers. The coprocessor group includes
memory management and floating-point coprocessors. The direct memory access (DMA) con-
troller group, the data communication device group, the network device group, and the general-
purpose peripheral device group complete the M68000 Family.

The MC68000 is the original microprocessbr unit (MPU) of the M68000 Family. It has a 16-bit data
bus and many flexible addressing modes. With a 24-bit address bus, it provides a 16 megabyte
linear address space.

The MC68HCQ00 is the HCMOS version of the MC68000, with all its functions and performance.
The maximum power dissipation of the 12.5-MHz MC68HCO0O0 is just 0.175 watt, one-tenth of the
MC68000’s power requirement.

The MC68008 has an 8-bit data bus for designs that need to conserve PC board space. The 48-
pin DIP version has a 20-bit address bus providing a one megabyte address space. A 52-pin quad-
pack version uses a 22-bit address bus to support four megabytes of linear address space.

The MC68010 uses a 16-bit data bus with the 32-bit internal architecture common to the M68000
Family. Multiple addressing modes provide flexible addressing. The MC68010 uses instruction
continuation to permit pre-emption for page swapping in virtual memory systems. Its loop-mode
operation allows faster execution of tight software loops. The 24-bit address bus provides 16
megabytes of linear address space.

The MC68020 uses a 32-bit data bus and supports a coprocessor interface for as many as eight
coprocessors. It contains a 256-byte, on-chip instruction cache and offers additional addressing
modes. The MC68020’s 32-bit address bus provides four gigabytes of linear address space.

‘The newest and most powerful member of the processor group, the MC68030, has ‘on-chip,
demand-paged memory management. The increased parallelism of the MC68030 results from
two, independent, 32-bit address buses and two, independent, 32-bit data buses, which allow the
central processor unit (CPU), data cache, instruction cache, memory management unit (MMU),
and bus controller to operate in parallel. While the MMU provides address translation for a variety
of page sizes, it also supports transparently addressed windows in memory where direct access
is required without address translation. Separate on-chip data and instruction caches, 256 bytes
each, provide increased performance. The burst fill mode for these caches further enhances
throughput. Also, the asynchronous bus of the M68000 Family is supplemented by synchronous
bus capabilities to provide a two-clock physical bus ¢tycle.

The MC68040 rhicroprocessor' is previewed in this manual. In addition to éignificantly improving
on the features and capabilities of the MC68030, the MC68040 provides floating-point arithmetic,
using a subset of the floating-point instructions supported by the MC68881 floating-point copro-
cessor.

- _____________________________________________________________________|
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The coprocessor group includes the MC68851 paged memory managment unit (PMMU), the
MC68881 floating-point coprocessor and the MC68882 enhanced floating-point coprocessor. The
MC68851 PMMU provides full support for a demand-paged virtual memory environment. It sup-

.ports a four-gigabyte address space and programmable page sizes from 256 to 32K bytes. An on-

chip address translation cache minimizes translation delays. Both the MC68881 and the MC68882
coprocessors conform to a full implementation.of the IEEE Standard for Binary Floating-Point
Arithmetic. They perform more than 40 types of transcendental and nontranscendental functions
in addition to basic add, subtract, multiply, and divide operations. The functions include root
values, trlgonometrlc functions, exponentials, hyperbolics, and logarithms. All functions are cal-
culated to 80 bits of precision in hardware. The enhanced MC68882 has dual- -ported registers and
an advanced pipeline that allows execution of multiple instructions in parallel (more than twice
the floating-point performance of the MC68881). Although the MC68881 and MC68882 are intended
primarily as coprocessors for the MC68020 and MC68030, they can be used as perlpherals with
all MPUs of the M68000 Family as well as other MPUs.

The DMA controller group consists of the MC68440 and MC68442 dual DMA controllers and the
MC68450 DMA controller. The MC68440 dual DMA controller performs memory-to-memory, pe-
ripheral-to-memory, and memory-to-peripheral transfers through each of two, completely inde-
pendent DMA channels with minimum intervention from the MPU. The MC68442 is an expanded
version that supports a four-gigabyte addressing range. The MC68450 DMA controller has four,
completely independent DMA channels that use sequential and linked-array chained addressing.
The MC68450 maintains hardware and software compatibility with the MC68440.

The data communication group includes the MC2681 dual universal asynchronous receiver/trans-
mitter (DUART), the MC68652/MC2652 multiprotocol communication controller (MPCC), and the
MC68681 DUART. The MC2681 DUART contains two, completely independent, full-duplex asyn-
chronous receiver/transmitter channels that interface to non-Motorola buses. Receiver data reg-
isters are quadruple buffered, and transmission data registers are double buffered; each channel
has an independently selectable baud rate. The maximum transfer rate is 1 Megabyte per second.
The MC68652/MC2652 MPCC is a single-channel serial data device that recognizes byte-control
and bit-oriented protocols. It transfers data of 8- or 16-bit widths at a maximum two Mbit/second
(Mbps) rate with cyclical redundancy check (CRC) error detection. The MC68681 DUART has all
the capabilities and features of the MC2681 and interfaces with the M68000 Family processors.

The network device group consists of the MC68184 broadband interface controller (BIC), the
MC68194 carrierband modem (CBM), the MC68605 X.25 protocol controller (XPC), the MC68606
multilink access procedure (MLAPD) protocol controller, and the MC68824 token bus controller
(TBC). The MC68184 BIC implements the IEEE 802.4 broadband physical layer of the International
Standards Organization/Open Systems Interface (ISO/OSI) communication model for standardized
multivendor data communications networking. It supports high-speed data rates to 10 Mbps. With
the MC68824 TBC, the BIC implements layers one and two of the OSI communication model. The
MC68194 CBM is an advanced bipolar LS| device that implements the IEEE 8024 Phase Coherent
Physical Layer. It modulates the information from the serial interface and transmits this signal
onto the network cable. The CBM also receives signals from the network, demodulates the in-
formation, and passes it to the TBC oveér the serial interface. The MC68605 XPC implements the
1984 CCITT X.25 Recommendation Data Link Procedure’ (level two) LAPD. It mdependently per-
forms higher level communications functions such as frame sequencing, retransmission, flow
control, retries limit, and timeout conditions for data rates as high as 10 Mbps in addition to the
lower-level functions: HDLC framing, CRC generation/checking, and zero insertion/deletion. As a
bus master, the XPC uses on-chip DMA capability and two, 22-bit, first in-first out queues {(FIFOs)
for transferring frames to and from memory. The MC68606 MLAPD protocol controller implements
the LAPD protocol for use at the link layer (OSI Layer 2) for both signaling and data transfer

MOTOROLA M68000 FAMILY
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applications in integrated services digital network (ISDN) configurations. An on-chip DMA con-
troller transfers data packets to and from a buffer memory. The MC68824 TBC implements the
IEEE 8024 media access control sublayer of the OSI data link layer as specified by General Motors’
Manufacturing Automation Protocol (MAP). It supports serial data rates of 1, 5, and 10 Mbps and
relieves the host processor of the frame-formatting and token-management functions.

The general-purpose peripheral device group consists of the MC68153 bus interrupter module
(BIM), the MC68230 parallel interface/timer (PI/T), the MC68452 bus arbitration module (BAM),
and the MC68901 multifunction peripheral. The MC68153 BIM is an interface between the M68000
microcomputer system bus and slave devices that require interrupt capability. It routes four,
independent sources of interrupt requests to any of the seven M68000 interrupt levels, and is
VMEbus compatible. The MC68230 PI/T provides double-buffered, 8- or 16-bit parallel interfaces
and a 24-bit, system-oriented timer with a 5-bit prescaler. The MC68452 BAM arbitrates control
of the M68000 bus between as many as eight bus masters. The MC68901 multifunction peripheral
provides a full-function, single-channel USART, an eight-source interrupt controller, four eight-
bit timers, and eight parallel I/O lines.

VERSAbus is a trademark of Motorola Inc.
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SECTION 2
SELECTOR GUIDE

To guide the designer in selecting the components for a system, Table 2-1 lists the processors,
coprocessors, and other devices of the M68000 Family, with a brief description of each. Columns
in Table 2-1 indicate available package types and operating frequencies. The devices are listed in
numeric order. : : :

Table 2-1. Selector Guide {Sheet 1 of 2)

) L Package Designation Operating Frequency
Device No. Description - -
. LJLW|P|R|RC|FN| 8 |10|12|16 | 20| 25 | 33

MC68000 MPU  |16-Bit Data Bus, 16M-Byte Address XX | X | X | X[ xX|[x|XxX]|Xx]|X

Space ' .
M68HC000 MPU |HCMOS Version of MC68000 XXX | X | XX X[X}|X]X
MC68008 MPU  |8-Bit Data Bus. 1M-Byte Address X X X X X

Space '
MC68010 MPU  {16-Bit Data Bus, Supports Virtual X | X | X} X | XX [X[X{[X

Memory, 16M-Byte Address Space ’
MC68020 MPU  |32-Bit Data Bus, Instruction Cache, X | X X | X[ X | X | X

Coprocessor Interface,

4G-Byte Address Space
MC68030 MPU  [32-Bit Data Bus, Data and Instruction X X X X X X
Caches, Memory Management

Unit, Coprocessor Interface,
4G-Byte Address Space

MC68153 BIM Four Interrupt Sources, Eight X X X
Programmable Read/Write Registers
MC68184 BIC |IEEE 802.4 Broadband Physical Layer X

Station Management, 20 Lines, 13
User-Defined Outputs, Up to 10 Mbps

MC68194 CBM  |IEEE 802.4 Single-Channel Phase- X
Coherent FSK Physical Layer,
1to 10 Mbps
MC68230 PI'T Bit I/0, Unidirectional and X X X X X

Bidirectional 8- and 16-Bit
Modes, 24-Bit Timer

MC68440 DMA  |Dual Channel, Up to 5M-Bytes/ X | X XXX ] XXX
Controller Second Transfer Rate, 16M-Byte
Address Range
MC68442 DMA  |Same Features as MC68440 but X | X | XX
Controller with 4G-Byte Address Range
MC68450 DMA  |Four Channel, Up to 5M-Bytes/Second X | X X | X X | X
Controller Transfer Rate, 16M-Byte Address
Range
MC68452 BAM  |Arbitrates for 8 Bus Users, 52 ns., X X
Maximum Aribtration Time
MC68605 XPC CCITT X.25 Recommendation LAPB X X X X X X

Procedure, 16- and 32-Bit CRC,
8- and 16-Bit Data Bus, Up to
10 Mbps Synchronous Serial
Data Rate, DMA Transfers

. ____________________________________ |
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Table 2-1. Selector Guide (Sheet 2 of 2)

Description

Package Designation

Operating Frequency

Device No.
Lc| P R | RC | FN 0 (12]16 )| 20|25 | 33
MC68606 CCITT Q.920/Q.921 LAPD, Up to ’ X X X X X
MLAPD 8192 Logical Links, Serial Bit
Controller Stream Aggregate in Excess of
2.048 Mbps
MC68652/ BOP or BCP, 8- or 16-Bit X
MC2652 Data Bus, Up to 2 Mbps Data
MPCC Rate, CRC-16 or VRC
MC2681 DUART '|Selectable Baud Rate, Non-Motorola X X
) Interface : .
MC68681 Programmable Data Format, 6-Bit X X
DUART Input Port, 8-Bit Output Port
MC68824 TBC  |IEEE 802.4 MAC, 32-Bit'Address Bus, X ['X | X X[ X | X]|X
DMA Transfers, 8- or 16-Bit Transfers
MC68851 32-Bit Logical and Physical X X[ XX
PMMU Addresses, Coprocessor Interface
MC68881 FPCP |IEEE 754 Standard, 67-Bit Arithmetic X | X X X[ X]|X
Unit, 8-, 16-, or 32-Bit Data Bus
MC68882 EFCP  |All Features of the MC68881 with X | X X| X[ X]|X
Enhanced Performance
MC68901 MFP  {Eight Programmable I/0 Pins, X | X X
16-Source Interrupt Controller,
Four Timers

MOTOROLA
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TECHNICAL DATA MC68000

Technical Summary
16-/32-Bit Microprocessor

This document contains both a summary of the MC68000 as well as a detailed set of parametrics. The
purpose is twofald - to provide an introduction to the MC68000 and support for the sophisticated user.
For detailed information on the MC68000, refer to the MC68000 16-/32-Bit Microprossor Advance Informa-
tion Data Sheet.

The MC68000 is the first implementation of the M68000 16/32 mlcroprocessor archltecture The
MC68000 has a 16-bit data bus and 24-bit address bus while the full architecture provides for 32-bit ad-
dress and data buses. It is completely code-compatible with the MC68008 8-bit data bus implementation
of the M68000 and is upward code compatible to the MC68010/MC68012 virtual extensions and the
MC68020 32-bit implementation of the architecture. Any user-mode programs written using the MC68000
instruction set will run unchanged on the MC68008, MC68010, MC68020. This is possible because the
user programming model is identical for all five processors and the instruction sets are proper sub-sets
of the complete architecture. Resources available to the MC68000 user consists of the following:

e 17 32-Bit Data and Address Registers’
® 16 Megabyte Direct Addressing Range
® 56 Powerful Instruction Types
® Operations on Five Main Data Types
& Memory Mapped /O
® 14 Addressing Modes
3 16 15 8 7 0
T T
0o .
— | |
| | I o 0i
— | | % e
- | | {2 pama
- I o _| D% REGISTERS
| | | _|os
. D6
— | |
| 1 o7
3 16 15 0
R i A0
| I | M
- | {72 seven
| | _| A3 nooRess
| A4 REGISTERS
| | |48 '
| AB
T ‘A7 USER STACK
) L 1 ](usp) POINTER
31 0
L - I PROGRAM
COUNTER

0
STATUS
[ Jow REGISTER

Figure 1.'User Programming Model

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC68000

INTRODUCTION

As shown in the user programming model (Figure 1),
the MC68000 offers 16 32-bit registers and a 32-bit pro-
gram counter. The first eight registers (D0-D7) are used
as data registers for byte (8-bit), word (16-bit), and long
word (32-bit) operations. The second set of seven reg-
isters (AD-AB) and the user stack pointer (USP) may be
used as software stack pointers and base address reg-
isters. In addition, the registers may be used for word
and long word operations. All of the 16 registers may be
used as index registers.

In supervisor mode, the upper byte of the status reg-
ister and the supervisor stack pointer (SSP) are also-avail-
able to the programmer. These registers are shown in
Figure 2. -

SUPERVISOR STACK

POINTER :

Kl 1615 . 0

L ! | ] issn
15 87 0

STATUS REGISTER [ [ cR |sn

Figure 2. Supefvisor Programming Model Supplement

The status register (Figure 3) contains the interrupt mask
(eight levels available) as well as the condition codes:
extend (X), negative (N), zero (Z), overflow (V), and carry
(C). Additional status bits indicate that the processor is
in a trace (T) mode and in a supervisor (S) or user state.

USER BYTE

SYSTEM BYTE (CONTROL CODE REGISTER)

- \
15 13 08 4 0

HSESHNINSSSRORNn
I

—g— I
TRACE MODE INTERRUPT EXTEND
SUPERVISOR MASK NEGATIVE
STATE ZERO
OVERFLOW

CARRY
Figure 3. Status Register

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types
are: )
Bits
BCD Digits (4-Bits)
Bytes (8 Bits)
Words (16 Bits)
® Long Words (32 Bits)
In addition, operations on other data types such as mem-
ory addresses, status word data, etc. are provided in the
instruction set. )
The 14 addressing modes, shown in Table 1, include
six basic types:
® Register Direct
® Register Indirect
® Absolute

MOTOROLA
3-2

® Program Counter Relative

® Immediate

e Implied
Included in the register indirect addressing modes is a
capability to do postincrementing, predecrementing, off-
setting, and indexing. The program counter relative mode
can also be modified via indexing and offsetting.

Table 1. Addressing Modes

Addressing Modes . Syntax

Register Direct Addressing

Data Register Direct . Dn

Address Register Direct An
Absolute Data Addressing

Absolute Short xxx.W

Absolute Long xxx.L
Program Counter Relfative Addressing

Relative with Offset dm(PC)

Relative with Index Offset dg(PC,Xn)
Register Indirect Addressing

Register Indirect (An)

Postincrement Register Indirect (An) +

Predecrement Register Indirect . - (An)

Register Indirect with Offset dqglAn)

Indexed Register Indirect with Offset dgl(An,Xn)
Immediate Data Addressing

Immediate- - #xxx

Quick Immediate #1-#8
Implied Addressing

Implied Register SR USP SP PC

NOTES:
Dn = Data Register

An = Address Register
Xn = Address of Data Register used as Index Register
SR = Status Register
PC = Program Counter
SP = Stack Pointer
USP = User Stack Pointer

() Effective Address
dg = 8-Bit Offset (Displacement)
D‘IG 16-Bit Offset {Displacement)
#xxx = Immediate Data

il

INSTRUCTION SET OVERVIEW

The MC68000 instruction set is shown in Table 2. Some
additional instructions are variations, or sub-sets, of these
and they appear in Table 3. Special emphasis has been
given to the instruction set’'s support of structured high-
level languages to facilitate ease of programming. Each
instruction, with few exceptions, operates on bytes, words,
and long words and most instructions can use any of the
14 addressing modes. Combining instruction types, data
types, and addressing modes, over 1000 useful instruc-
tions are provided. These instructions include signed and
unsigned, multiply and divide, ““quick’ arithmetic oper-
ations, BCD arithmetic, and expanded operations (through
traps).

M68000.FAMILY
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Table 2. Instruction Set Summary

MC68000

Table 3. Variations of Instruction Types

. ______________________________________________________________________________________________|]
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Mnemonic Description Instruction
. X Type Variation Description
ABCD Add Decimal With Extend
ADD Add ADD ADD Add
AND Logical AND ADDA Add Address
ASL Arithmetic Shift Left ADDQ Add Quick
ASR Arithmetic Shift Right ADDI Add Immediate
ADDX Add with Extend
Bec Branch Conditionally
BCHG Bit Test and Change AND AND Logical AND
BCLR Bit Test and Clear ANDI AND Immediate
BRA Branch Always ANDI! to CCR AND Immediate to
BSET Bit Test and Set Condition Codes
BSR Branch to Subroutine ANDI to SR AND Immediate to
BTST Bit Test Status Register
CHK Check Register Against Bounds CMP - CMP Compare
CLR Clear Operand CMPA Compare Address
CMP Compare CMPM Compare Memory
. B CMPI Compare Immediate
DBcc Test Condition, Decrement and Branch
DIVS Signed Divide EOR EOR Exclusive OR
DIvU Unsigned Divide EORI Exclusive OR Immediate
£OR Exclusive OR EORI to CCR Exélounsé\i/teioonRCI;;:'nsedlate to
EXG E;change Registers EORI to SR Exclusive OR Immediate to
EXT Sign Extend Status Register
JMP Jump |
JSR Jump to Subroutine MOVE mg\\ng mg\\: Address
LEA Lead Effective Address MOVEM Move Mu!tiple Registers
LINK Link Stack MOVEP Move Pe(npheral Data
LSL Logical Shift Left MOVEQ Move Quick ,
LSR Logical Shift Right MOVE from SR | Move from Status R}eglster
MOVE to SR Move to Status Register
MOVE Move MOVE to CCR | Move to Condition Codes
MULS Signed Multiply MOVE USP Move User Stack Pointer
MULU Unsigned Multiply
- NEG NEG Negate
NBCD Negate Decimal with Extend NEGX Negate with Extend
NEG Negate ’ ,
NOP No Operation OR OR Logical OR
NOT One’s Complement ORI OR Immediate
ORIl to CCR OR Immediate to
OR Logical OR Condition Codes
ORI to SR OR Immediate to
PEA Push Effective Address Status Register
RESET. Reset External Devices SuUB SUB Subtract
ROL Rotate Left without Extend SUBA Subtract Address
ROR Rotate Right without Extend SUBI Subtract Immediate
ROXL Rotate Left with Extend sSuBQ Subtract Quick
ROXR Rotate Right with Extend SUBX Subtract with Extend
RTE Return from Exception
RTR Return and Restore
RTS Return from Subroutine
SBCD Subtract Decimal with Extend
Scc Set Conditional
STOP Stop
SuB Subtract
SWAP Swap Data Register Halves
TAS Test and Set Operand
TRAP Trap
TRAPV Trap on Overflow
TST Test
UNLK Unlink

MOTOROLA
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MC68000

SIGNAL DESCRIPTION.

~ The input and output signals are illustrated functionally
in Figure 4 and are described in the following paragraphs.

Veel2) | ADDRESS
GND(2) BUS D A1A23
CLK ‘ ,
KDATA BUS) D0D15
B
RW__ o
S I'jee " | AsvncHRoNOUS
PROCESSOR ﬁﬁ? g ——’ffnss ’ BUS
- fC1 | 88 | (DS,
STATUS { FC2 g8 DTACK CONTROL
=g
MB800  <——F | g |B___
PERIPHERAL{ DI S LG__.}BUS ARBTRATION
control \—YPA ] W{WV
- BERR IPL
SYSTEM{ RESET ‘ﬁ:} INTERRUPT
P2 | CONTROL
controL | _PALT Pz

' Figure 4. Input and Output Signals

ADDRESS BUS (A1 THROUGH A23)

This 32-bit, unidirectional, three-state bus is capable of
addressing 16 megabytes of data. It provides the address
for bus operation during all cycles except interrupt cycles.
During interrupt cycles, address lines A1, A2, and A3 pro-
vide information about what level interrupt is being serv-

iced wh|le address lines Ad4 through A23 are set to a logic -

high.

DATA BUS (D0 THROUGH D15)

This 16-bit, bidirectional, three-state bus is the general
purpose data path. It can transfer and accept datain either
word or byte lenght. During an interrupt acknowledge
cycle, the external device supplies the vector number on
data lines D0-D7:

ASYNCHRONOUS BUS CONTROL

Asynchronous data transfers are handled using the fol-
lowing control signals: address strobe, read/write, upper
and lower data strobes, and data transfer acknowledge.
These signals are explained in the following paragraphs.

Address Strobe (AS)

This signal indicates that there is a valid address on
the address bus.

Read/Write (R/W)

This signal defines the data bus transfer as a read or
write cycle. The R/W signal also works in conjunction with
the data strobes as explained in the following paragraph.

Upper and Lower Data Strobe (UDS, LDS)

These signals control the flow of data on the data bus,
as shown in Table 4. When the RW line is high, the
processor will read from the data bus as indicated. When
the RW line is low, the processor will write to the data
bus as shown.

MOTOROLA
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Data Transfer Acknowledge {DTACK)

This input indicates that the data transfer is completed.
When the processor recognizes DTACK during a read
cycle, data is latched and the bus cycle terminated. When
DTACK is recognized during a write cycle, the bus cycle
is terminated.

BUS ARBITRATION CONTROL

The three signals, bus request, bus grant, and bus grant
acknowledge, form a bus arbitration circuit to determme
which device will be the bus master device.

Bus Request (BR)

This input is wire-ORed with all other devices that could
be bus masters. This input indicates to the processor that
some other device desires to become the bus master.

Bus Grant (BG)

This output indicates to all other potentlal bus master
devices that the processor will.release bus control at the
end of the current bus cycle.

Bus Grant Acknoweldge (BGACK) )

This input indicates that some other device has become
the bus master. This signal should not be asserted until
the following four conditions are met:

1. a bus grant has been received,

2. address strobe is inactive which indicates that the

microprocessor is not using the bus,

3. data transfer acknowledge is inactive which indi-
cates that neither memory nor peripherals are us-
ing the bus, and

4, bus grant acknowledge’is mactlve which indicates
that no other device is still clalmmg bus master-
ship.

Table 4. Data Strobe Control of Data Bus

UDS | LDS | RW D8-D15 D0-D7
High.| High — No Valid Data No Valid Data
Low | Low | High | Valid Data Bits | Valid Data Bits
8-15 0-7
High | Low | High | No Valid Data | Valid Data Bits
' 0-7
Low | High | High |Valid Data Bits No Valid Data
8-15
Low Low Low Valid Data Bits Valid Data Bits
: © . 815 - 07
High | Low | Low Valid Data Bits Valid Data Bits
0-7* 07 -
Low | Righ | Low | Valid Data Bits | Valid Data Bits
8-15 8-15*

*These conditions are a result of current implementation and
may not appear on future devices.

M68000 FAMILY
REFERENCE



INTERRUPT CONTROL (iPLO, IPL1, IPL2)

These input pins indiacte the encoded priority level of
the device requesting an interrupt. Level seven is the
highest priority while level zero indicates that no inter-
rupts are requested. Level seven cannot be masked. The
least significant bit is given in IPLO and the most signif-
icant bit is contained in IPL2. These lines must remain
stable until the processor signals interrupt acknowledge
(FCO-FC2 are all high) to insure that the interrupt is rec-
ognized.

SYSTEM CONTROL '

The system control inputs are used to either reset or
halt the processor and to indicate to the processor that
bus errors have occurred. The three system control inputs
are explained in the following paragraphs.

Bus Error (BERR)

This input informs the processor that there is a problem
with the cycle currently being executed. Problems may
be a result of:

1. nonresponding devices, .
2. interrupt vector number acquisition failure,

3. illegal access request as determined by a memory
management unit, or

4. other application dependent errors.

The bus error signal interacts with the halt signal to de-
termine if the current bus cycle should be re-executed or
if exception processing should be performed.

Reset (RESET)

This bidirectional signal line acts to reset (start a system
initialization sequence) the processor in response to an
external reset signal. An internally generated reset (result
of a RESET instruction) causes all external devices to be
reset and the internal state of the processor is not af-
fected. A total system reset (processor and external de-
vices) is the result of external HALT and RESET signals
applied at the same time.

Halt (HALT)

When this bidirectional line is driven by an external
device, it will cause the processor to stop at the comple-
tion of the current bus cycle. When the processor has
been halted using this input, all contro! signals are in-
active and all three-state lines are putin their high-imped-
ance state.

When the processor. has stopped executing instruc-
tions, such as in a double bus fault condition, the HALT
line is driven by the processor to indicate to external
devices that the processor has stopped.

M6800 PERIPHERAL CONTROL

These control signals are used to allow the interfacing
of synchronous M6800 peripheral devices with the asyn-
chronous MC68000. These signals are explained in the
following paragraphs.

M68000 FAMILY
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Enable (E)

This signal is the standard enable signal common to
all M6800 type peripheral devices. The period for this
output is ten MC88000 clock periods (six clocks low, four
clocks high). Enable is generated by an internal ring
counter which may come up in any state (i.e., at power
on, it is impossible to guarantee phase relationship of E
to CLK). E is a free-running clock and runs regardless of
the state of the bus on the MPU.

Valid Peripheral Address (VPA}

This input indicates that the device or region addressed
is an M68000 Family device or region addressed is an
M68000 Family device and that data transfer should be
synchronized with the enable (E) signal. This input also
indicates that the processor should use automatic vec-
toring for an interrupt during an IACK cycle.

Valid Memory Address (VMA)

This output is used to indicate to M68000 peripheral
devices that there is a valid address on the address bus
and the processor is synchronized to enable. This signal
only responds to a valid peripheral address (VPA) input
which indicates that the peripheral is an M68000 Family
device.

PROCESSOR STATUS (FCO, FC1, FC2)

These function code outputs indicate the state (user or
supervisor) and the cycle type currently being executed,
as shown in Table 5. The information indicated by the
fﬂction code outputs is valid whenever address strobe
(AS) is active.

Table 5. Function Code Outputs

Function Code Output

Cycle Time
FC2 FC1 FCo :

Low Low Low

- {Undefined, Reserved)

Low Low High User Data

Low High Low User Program

Low | High | High (Undefined, Reserved)

High Low Low (Undefined, Reserved)

High Low High Supervisor Data

High High Low Supervisor Program

High High High Interrupt Acknowledge

CLOCK (CLK)

The clock input is a TTL-compatible signal that is in-
ternally buffered for development of the internal clocks
needed by the processor. The clock input should not be
gated off at any time and the clock signal must conform
to minimum and maximum pulse width times.

MOTOROLA
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DATA TRANSFER OPERATIONS

Transfer of data between devices involves the follow-
ing leads:

1. address bus A1 through A23, -
2. data bus DO through D15, and
3. control signals.

The address and data buses are separate parallel buses
used to transfer data using an asynchronous bus struc-
ture. In all cycles, the bus master assumes responsibility
for deskewing all signals it issues at both the start and
end of a cycle. In addition, the bus master is responsible
for deskewing the acknowledge and data signals from
the slave device. .

The following paragraphs explain the read, write, and
read-modify-write cycles. The indivisible read-modify-
write cycle is the method used by the MC68000 for in-
terlocked multiprocessor communications.

READ CYCLE

During a read cycle, the processor receives data from
the memory of a peripheral device. The processor reads
bytes of data in all cases. If the instruction specifies a
word (or double word) operation, the processor reads
both upper and lower bytes simultaneously by asserting
both upper and lower data strobes. When the instruction
specifies byte operation, the processor uses an internal
AQ bit to determine which byte to read and then issues
the data strobe required for that byte. For byte operations,
when the A0 bit equals zero, the upper data strobe is
issued. When the A0 bit equals one, the lower data strobe
is issued. When the data is received, the processor cor-
rectly positions it internally.

WRITE CYCLE

During a write cycle, the processor sends data to either
the memory or a peripheral device. The processor writes
bytes of data in all cases. If the instruction specifies a
word operation, the processor writes both bytes. When
the instruction specifies a byte operation, the processor
uses an internal A0 bit to determine which byte to write
and then issues the data strobe required for that byte.
For byte operations, when.the AO bit equals zero, the
upper data strobe is issued. When the AO bit equals one,
the lower data strobe is issued.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle performs a read, modifies
the data in the arithmetic-logic unit, and writes the data
back to the same address. In the MC68000, this cycle is
indivisible in that the address strobe is asserted through-
out the entire cycle. The test and set (TAS) instruction
uses this cycle to provide meaningful communication be-
tween processors in a multiple processor environment.

MOTOROLA
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This instruction is the only instruction that uses the read-
modify-write cycles and since the test and set instruction
only operates on bytes, all read-modify-write cycles are
byte operations. .-

PROCESSING STATES

The MC68000 is always in one of three processing
states: normal, exception, or halted.

NORMAL PROCESSING

The normal processing state is that associated with
instruction execution; the memory references are to fetch
instructions and operands, and to store results. A special
case of normal state is the stopped state which the pro-
cessor enters when a stop instruction is executed. In this
state, no further references are made.

EXCEPTION PROCESSING

The exception processing state is aséogiated with in-
terrupts, trap instructions, tracing, and other exception
conditions. The exception may be internally generated
by an instruction or by an unusual condition arising dur-
ing the execution of an instruction. Externally, exception
processing can be forced by an interrupt, by a bus error,
or by areset. Exception processing is designed to provide
an efficient context switch so that the processor may
handle unusual conditions.

HALTED PROCESSING

The halted processing state is an indication of cata-
strophic hardware failure. For example, if during the ex-
ception processing of a bus error another bus error occurs,
the processor assumes that the system is unusable and
halts. Only an external reset can restart a halted proces-
sor. Note that a processor in the stopped state is not in
the halted state, nor vice versa. ’

INTERFACE WITH M6800 PERIPHERALS

Motorola’s extensive line of M6800 peripherals are.di-
rectly compatible with the MC68000. Some of these de-
vices that are particularly useful are:

MC6821 Peripheratl Interface Adapter

MC6840 Programmable Timer Module

" MC6843 Floppy Disk Controller
MC6845 CRT Controller
MC6850 Asynchronous Communications Interface
Adapter

MC6854 Advanced Data Link Controller
To interface the synchronous M6800 peripherais with the
asynchronous MC68000, the processor modifies its bus
cycle to meet the M6800 cycle requirements whenever
an M6800 device address is detected. This is possible
since both the processors use memory mapped I/O.

M68000 FAMILY
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ELECTRICAL SPECIFICATIONS
MAXIMUM RATINGS

Rating Symbol Value Unit The device contains circuitry to prbtect the
inputs against damage due to high static volt-
Supply Voltage Vee -03to +7.0 | V ages or electric fields; however, normal pre-
Input Voltage V. —03to +7.0 v cautions should be taken to avoid application
n of voltages higher than maximum-rated volt-
Operating Temperature Range - TA TLtoTH °C ages to these high-impedance circuits. Tying
MC68000 . 0to 70 unused inputs to the appropriate logic volt-
Mce8oooC ~401t0 85 age level (e.g., either GND or V) enhances
Storage Temperature Tetg -565t0150 | °c | . [reliability of operation.
THERMAL CHARACTERISTICS 3
Characteristic Symbol | Value | Symbol | Value | Rating )
Thermal Resistance (Still Air) 6JA 8¢ °CW
Ceramic, Type L/ILC 30 . 15*
Ceramic, Type R/RC 33 15
Plastic, Type P 30 15*
Plastic, Type FN 45 25*
*Estimated

DC ELECTRICAL CHARACTERISTICS (V=5.0 Vdc£5%; GND=0 Vdc; Tp =T to Ty)

- Characteristic Symbol Min Max | Unit
Input High Voltage VIH 2.0 Veel| V
Input Low Voltage ViL GND -03( 08 | V
Input Leakage Current BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2, VPA| IiN — 25 | pA
( 525V HALT, RESET — 20
Three-State (Off State) Input Current AS, A1-A23, \23, D0-D15, FCO-FC2, ITs| — 20 | pA
24 V0.4V LDS, R/W, UDS, VMA
Output High Voltage (Igq= —400 pA) o E*{ VoH Vee-075 | — v
(loH= —400 pA) E, AS, A1l -A23, G 0-D15
FCO-FC2, LDS, R/W, UDS, M 24 24
Output Low Voltage VoL "
(loL=1.6 mA) __ HALT — 05
loL=3.2 mA) A1-A23, BG, FCO-FC2 — 0.5
(loL=5.0 mA) _ RESET — 0.5
{loL=5.3 mA) E, AS, D0-D15, LDS, RW, UDS, VMA : — 0.5
Power Dissipation (see POWER CONSIDERATIONS) CPp*** — — | W
Capacitance (Vin =0V, To=25°C, Frequency =1 MHz)** " Cin — 20.0 | pF
Load Capacitance HALT CL — 70 | pF
’ All Others — 130

*With external pullup resistor of.1.1 (2.
**Capacitance is periodically sampled rather than 100% tested.
***During normal operation instantaneous V¢ current requirements may be as high as 1.5 A.
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" POWER CONSIDERATIONS

The average die-junction temperature, T j, in °C can be
obtained from:

) . Ty=Ta+(Pp-64a) (1)
where: .
. Ta . = Ambient Temperature, °C

6ja = Package Thermal Resistance, Junction-to-

Ambient, °C/W

Po  =PINT+Pyo )

PINT ='lcc % Ve, Watts — Chip Internal Power

Pyo = Power Dissipation on Input and Output Pins

— User Determined
For most applications P,o<PyT and can be neglected.
An appropriate relationship between Ppand TJ (if Pljo
is neglected) is:

Pp=K=+(Ty+273°C) (2)
Solving equations (1) and (2) for K gives:
K=Pp = (Tp+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 T . Using this value
of K, the values of Pp and T j can be obtained by solving
equations (1) and (2) iteratively for any value of Tp.
The curve shown in Figure 11-1 gives the graphic so-
lution to the above equations for the specified power
dissipation of 1.5 watts over the ambient temperature
range of —55 °C to 125 °C using a maximum 6 A of 45

°C/W. Ambient temperature is that of the still air sur-
rounding the device: Lower values of 6 A cause the curve
to shift downward slightly; for instance, for 6 ja of 40 %/
W, the curve is just below 1.4 watts at 25 °C.

The total thermal resistance of a package (6 A} can be
separated into two components, 8)c and 8CA, repre-
senting the barrier to heat flow from the semiconductor
junction to the package (case) surface {8)c) and from the
case to the outside ambient air (6cA). These terms are
related by the equation: .

8Ja=0JCc+0CcA (4)
0JC is device related and cannot be influenced by the
user. However, 0CA is user dependent and can be min-
imized by such thermal management techniques as heat
sinks, ambient air cooling, and thermal convection. Thus,
good thermal management on the part of the user can
significantly reduce 6cA so that 64 approximately equals
0Jc. Substitution of 8¢ for 634 in equation 1 results in
a lower semiconductor junction temperature.

Table 6 summarizes maximum power dissipation and
average junction temperature for the curve drawn in Fig-
ure 5, using the minimum and maximum values of am-
bient temperature for different packages and substituting
0yc for A (assuming good thermal management). Ta-
ble 7 provides the maximum power dissipation and av-
erage junction temperature assuming that no thermat
management is applied (i.e., still air).

22

20 PN

N

N

POWER (Pp) — WATTS
>

8 1
0"44/0 125 12r T~
.. MHI
12
1.0
-5 —40 0 25 70 85 10 125

AMBIENT TEMPERATURE (Tp) —

Figure 5. MC68000 Power Dissipation (Pp) vs Ambient Temperature (Ta)
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Table 6. Power Dissipation and Junction Temperature vs Temperature (6Jc =6JA)
' . POW) | TyCC) | PpW) | Tyec)
Package Ta Range 00c FCW) | G Tp Min. | @ Ta Min. | @ Ta Max. | @ Ta Max.
LLC 0°C to 70°C 15 1.5 - 23 1.2 88
~40°C to 85°C 15 1.7 —14 1.2 103-
0°C to 85°C 15 15 . 23 1.2 103
P 0°C to 70°C 15 1.5 23 1.2 88
R/RC 0°C to 70°C 15 15 23 1.2 88
—40°C to 85°C 15 1.7 -14 1.2 103
0°C to 85°C 15 1.5 23 1.2 103
FN 0°C to 70°C 25 1.5 38 1.2 101

NOTE: Table does not include values for the MC68000 12F.

Table 7. Power Dissipation and Junction Temperature vs Tempefature (BJcéoJc)

CWY Pp (W) Ty (°C) Pp (W) Ty (°C)
Package Ta Range BJACCW) 1 6 Fa Min, | @ TA Min. | @ Ta Max. | @ Ta Max.
LLc 0°C to 70°C 30 1.5 23 1.2 88
~40°C to 85°C 30 1.7 -14 1.2 103
0°C to 85°C 30 1.5 23 1.2 103
P 0°C to 70°C" 30 15 23 1.2 88
R/RC 0°C to 70°C © 33 1.5 23 1.2 88
—40°C'to 85°C 33 1.7 -14 1.2 103
0°C to 85°C 33 15 23 1.2 103
FN 0°C to 70°C 40 1.5 . 38 1.2 101
NOTE: Table does not include values for the MC68000 12#. v
AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (see Figure 6)
8 MHz* | 10 MHz* |12.5 MHz* 16',67 MHI 3
Num. Characteristic Symbol 12F | unit
Min |Max| Min |{Max | Min | Max | Min | Max
Frequency of Operation f 40 8.0 40 |10.0] 40 {125) 8.0 [16.7) MHz
1 Cycle Time teve 125} 250 (100 | 250 | 80 | 250 | 60 | 125| ns
2,3 |Clock Pulse Width (Measured from 1.5V to 1.5 V for 12F) tcL 55(125| 45|125| 35 {125( 27 |625| ns
tcH 551125| 45]125| 35 [125| 27 |62.5
4,5 |[Clock Rise and Fall Times tcr — | 10| —| 10| — 5§ — 5! ns
tct — | 10— 10| — 5| — 5

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68000 and
are valid only for product bearing date codes of 8827 and later. .

L

tct

teye

e "ICH —

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volt and high a voltage of 2.0 volts, 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 volt
and 2.0 volts. : e

Figure 6. Clock Input Timing
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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 7. In order to test the
parameters guaranteed by Motorola, inputs must be
driven to the voltage levels specified in the figure. Outputs

are specified with minimum and/or maximum limits, as
appropriate, and are measured as shown in Figure 7.
Inputs are specified with minimum setup and hold times,
and are measured as shown. Finally, the measurement
for signal-to-signal specifications are also shown.

Note that the testing levels used to verify conformance
to the AC specifications does not affect the guaranteed
DC operation of the device as specified in the DC electrical
characteristics.

DRIVE
024V l
CLK 0V /—.>&z,ov
{08V
DRIVE __1 A —»]
005V )
VAUD 20V 20V VALD
OUTPUTS{1) CLK OUTPUT n 08V 5@( 08V OUTPUT n+1
f—— A —]
— B j—
VALD 20V 20V VALD
OUTPUTS(2) CLK OUTPUTn 08 v_.,@( 08V OUTPUTR 1
C —>te— D —>
DRIVE ——> 70V 70V
OV _VALD 2
INPUTS(3} CLK T0 24V @
PUT
DRIVE 08V INPUT 08V b
TO05V
C —>e— D—>
70V D 20V - DRIVE
! VALID 4 T0 24V
INPUT(4) CLK 08V INPUT 08V EQ ,
<«—— DRIVE
T005Y
>0 v. .
ALL SIGNALSI(5) 20V
L 08V
f—— [

le— [ —>

20V

- 08V

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:

. Maximum output delay specification.

. Minimum output hold time.

. Minimum input setup time specification.

. Minimum input hold time specification.

. Signa! valid to signal valid specification (maximum or minimum).

. Signal valid to signal invalid specification (maximum or minimum).

mMMOoOO®E>

Figure 7. Drive Levels and Test Points for AC Specifications

]
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (V¢ =5.0 Vdc=5%; GND=0 V; TA=T| to Ty;

see Figures 11 and 12)

MC68000

8 MHz* | 10 MHz* |12.5 MHz* 16',67 N,le
Num, Characteristic Symbol 12F Unit
Min [Max [ Min [ Max | Min [ Max | Min | Max

6 |Clock Low to Address Valid tcLay | — | 62| — |80 | —[50 | — | 50| ns
6A  |Clock High to FC Valid tcHrcy | — | 62| — |50 | — | 45 | — | 45 | ns

7  |Clock High to Address, Data Bus High Impedance tcHaDZ | — [ 80| — |70 { — | 60| — | 50 | ns

(Maximum)

8 |Clock High to Address, FC Invalid (Minimum) tcHAaRl | O | — | O | — | O | —{[ 0| —1| ns
91 |Clock High to AS, DS Asserted tcHsL | 3 | 60| 3 | 50| 3 [40| 3 | 40| ns
112 |Address Valid to AS, DS Asserted (Read)/AS tavst |30 | — |20 | — 15y — |15 | — | ns 3

Asserted (Write)
11A2 |FC Valid to AS, DS Asserted (Read)/AS Asserted (Write) trcysL |90 | — | 70| — |60 | — | 30| — | ns
12" |Clock Low to AS, DS Negated tcusH | — | 62 — |50 | — |40 | — |40 | ns
132 |AS, DS Negated to Address, FC Invalid tgHAF | 40 | — | 30| — | 20| — | 10| — | ns
142 |AS (and DS Read) Width Asserted tg. |270| — |195| — [160{ — |120{ — | ns
14A DS Width Asserted (Write) tpsL |140| — |95 | — |8 | — |60 | — | ns
152 |AS, DS Width Negated tgy |150| — |105) — |65 | — | 60 | — | ns

16 |Clock High to Control Bus High Impedance tcHcz | — |80 | — |70 | — | 60| — | 50| ns
172 |AS, DS Negated to R/W Invalid tSHRH | 40 | — |30 — {20 | — |10 | — | ns
181 [Clock High to RAW High (Read) tCHRH 0 |5 | 0|45} 0 |4 O |40 ]| ns
20" |Clock High to RW Low (Write) tCHRL 0 |5 | 0|45 | 0 |40 O |40 | ns

20A26 [AS Asserted to RAW Valid (Write) tasRy | — | 10| — |10 —|10]—]10]ns
212 |Address Valid to RW Low (Write) tavRL | 20 | — | 0 | — |0 | —| 0| —] ns
21A2 |FC Valid to RW Low (Write) tFCVRL | 60 | — [ B0 | — |30 | — | 20| — | ns
222 |RAW Low to DS Asserted (Write) tRLsL | 80 | — [ 50| — |30} — 20| — | ns

23 |Clock Low to Data-Out Valid (Write) tcLpo | — (62| — |50 | —[50 | —{50]| ns
252 |AS, DS Negated to Data-Out Invalid (Write) tsHpo! | 40 | — (30| — |20 | — | 16 | — | ns
262 |Data-Out Valid to DS Asserted (Write) toosL | 40 | — |30 — |20 | — |15 | —]| ns
275 |Data-In Valid to Clock Low (Setup Time on Read) tpicL 10| — |10 |—|10(— |7 |—/|ns
282 |AS, DS Negated to DTACK Negated tsHDAH | O [240| 0 |190]| 0 |150| 0 [110} ns

(Asynchronous Hold)
29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tshpit } 0 | — | 0O | — | O [ — | O |— | ns
29A |AS, DS Negated to Data-In High Impedance tsSHpDZ | — | 187 | — |150| — [120| — [ 90 | ns
30 |AS, DS Negated to BERR Negated tsHBeH | 0 | — | 0 | =[O0l —=] 0| —] ns
3125 |DTACK Asserted to Data-In Valid (Setup Time) tpADl | — |90 | — | 65| — |50 | — |40 | ns
32 |HALT and RESET Input Transition Time tRHr,f | O [200| 0 [200] 0 |200} 0 |150} ns
33 |Clock High to BG Asserted tCHGL | — | 62| — |50 | — |40 | — | 40 | ns
34 Clock High to BG Negated tCHGH | — | 62| — |50 | — |40 | — | 40| ns
35 |BR Asserted to BG Asserted tgRLGL | 1.6 (35| 1.5[36| 15|35 15|35 |Clks
367 |BR Negated to BG Negated tBRHGH | 15[ 36| 15|35| 15|35 15| 3.5 | Clks
37 |BGACK Asserted to BG Negated tGALGH | 15 (35| 15(35|1.5[35| 1535 ]Clks
37A8 |BGACK Asserted to BR Negated tGALBRH| 20 | 1.5 20 {1520 |15 [ 10 | 15| ns
Clks Clks Clks Clks
38 |BG Asserted to Control, Address, Data Bus High tGLZ — |80 | — |70 | —|60|—|50]| ns
Impedance (AS Negated)

M68000 FAMILY
REFERENCE

MOTOROLA

3-11



MC68000

AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Continued}

Num. Characteristic Symbol 8 MHz* | 10 MHz* 12.5 MHz* 16.'61722'"'1 Unit
Min |Max| Min { Max | Min | Max | Min |Max
39 |BG Width Negated : tgH [15|— |15 — |15 — |15|— |Cks
40  |Clock Low to VMA Asserted tobymML | — | 70| — 70| — |70 | — |50 | ns
41 |Clock Low to E Transition tcLeT | — | 95| — |45 | — | 35| — [ 35| ns
42  |E Output Rise and Fall Time tEr f — (15| —|1%B|—|[16]|—]15| ns
43  |VMA Asserted to E High tyMLEH | 200| — |150| — | 90 | — | 80 | — | ns
44 |AS, DS Negated to VPA Negated tsSHVPH | 0 [120] 0 |90 | o [70| 0 | 50 | ns
3 45 [E Low to Control, Address Bus Invalid ) teccal |30 | — (10| — |10 — | 10| — | ns
(Address Hold Time)

46 |BGACK Width Low ' tgaL | 15| — |15 — 15| — |15 — [Clks
475 |Asynchronous Input Setup Time tASI 0| — 10| —]10|—[10]—]ns
4823 |BERR Asserted to DTACK Asserted tgeLpAL] 20 | — | 20| — |20 | — | 10| — | ns
499 |AS, DS, Negated to E Low tgHEL | —~70| 70 | -55| 55 |-45| 45 | -35| 35 | ns
50 |E Width High tEH 450 — |350| — | 280 — (220 — | ns
51 |E Width Low ) tgL | 700 — | 550 — |440| — |[340| — | ns
53 |Data-Out Hold from Clock High tcHpot | O | — | O |— ]| O | — | O | —|nms
54 |E Low to Data-Out Invalid tetpol {30 | — 20| — (15| —[10]—] ns
55 |R/W Asserted to Data Bus Impedance Change tRepBD [ 30 | — | 20| — |10 [ — ] O | — | ns
564 |HALT/RESET Pulse Width tyrpw | 10| — [ 10| — | 10| — |10 | — | Clks
57 |BGACK Negated to AS, DS, R/W Driven ) tGASD | 16| — | 16| — | 15| — [ 15| — | Clks
57A" |BGACK Negated to FC, VMA Driven tGarD | V| — | A | — | 1| =] 1| —|cCks
587 |BR Negated to AS, DS, R/W Driven tRHsD | 15| — [ 18] — [15| — | 15| — | Clks
58A7 (BR Negated to FC, VMA Driven tRHFD | 1 | — | 1 | — | 1| =] 1 |—{Cks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68000 and
are valid only for product bearing date codes of 8827 and later.

NOTES:

1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns.

2. Actual value depends on clock period.
3. If #47 is satisfied for both DTACK and BERR, #48 may be ignored. In the absence of DTACK, BERR is an asynchronous input
using the asynchronous input setup time (#47).

4. For power-up, the MC68000 must be held in the reset state for 100 milliseconds to allow stabilization of on-chip circuitry. After
the system is powered up, #56 refers to the minimum pulse width required to reset the processor.

. 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.

. When AS and RIW are equally loaded {=20%), subtract 5 nanoseconds from the values given in these columns.

. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR _before asserting BGACK.

. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be re-asserted.

. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute mammum skew that will
occur between the rlsmg edge of the strobes and the falling edge of the E clock.

(5]
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MC68000

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions

and their related diagrams for device operation.
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NOTES:
1. Setup time for the asynchronous inputs IPLO-IPL2 and VPA (#47) guarantees their recognition at the next falling edge of the

clock.
2. BR need fall at this time only in order to insure being recognized at the end of the bus cycle.
3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise

noted. The voltage swing through this range should start outside and pass through the range such that the rise or fall is linear
between 0.8 volt and 2.0 volts.

Figure 8. MC68000 Read-Cycle Timing Diagram
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MC68000

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTES:

1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise
noted. The voltage swing through this range should start outside and pass through the range such that the rise or fall is linear
between 0.8 volt and 2.0 volts. ' _ )

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).

Figure 9. MC68000 Write-Cycle Timing Diagram
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MC68000

AC ELECTRICAL SPECIFICATIONS — MC68000 TO M6800 PERIPHERAL CYCLES (Vcc=5.0 Vdc+5%; GND=0 Vdc;
TA=TL to TH; see Figures 10 and 11)

Num. Characteristic Symbol 8 MHz" | 10 MHz* 125 MHz” 16.5'72:0’12 Unit
Min | Max | Min | Max | Min | Max| Min | Max

12" |Clock Low to AS, DS Negated toLsH | — [ 62| — 50| — |40 | —|40] ns
18" |Clock High to RAW High (Read) tCHRH | 0 |55 | 0 } 45| 0 | 40 ) O | 40 | ns
20"  |Clock Higl. to RAW Low (Write) tCHRL | 0 | 55| 0 f45| 0 [40| 0 |40 ns
23  [Clock Low to Data-Out Valid (Write) ’ ‘{tctpo | — | 62| — |50 | — [50 ] — [50 | ns
27 |Data-In Valid to Clock Low (Setup Time of Read) topilcL | 10| —110|—|10|—|7]|—|ns
29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tsHpf | 0 | —1 0 | — | 0| —}| 0| — | ns
40  [Clock Low to VMA Asserted : oML | — | 70| — |70 | — |70 | — | 50 | ns
41 |Clock Low to E Transition tCLET | — [ 55| — | 46| — | 3| — | 35| ns
42  |E Output Rise and Fall Time terf | — |15 — | 15| —| 15| —[165] ns
43 |VMA Asserted to E High tyMLEH 1200 — {150 — | 90| — | 80 | — | ns
44 |AS, DS Negated to VPA Negated tsHvPH |- 0. |120] 0 [90 | 0 [70] 0 | 50| ns
45  |E Low to Control, Address Bus Invalid tercal [ 30| — (10 —110|—[10]—| ns

\ (Address Hold Time) i o

‘ 47  |Asynchronous Input Setup Time tASI MW|—|10|—|[10]—}10|—]| ns
492 |AS, DS, Negated to E Low tSHEL |—70| 70 |-55| 55 |~45| 45 |-35|.35 | ns
50 (E Width High " tgy {450 — [350| — {280 — (220 — | ns

‘ 51 |E Width Low ' teL | 700 — 550 — |440| — (340 — | ns
54 |E Low to Data-Out Invalid ’ teLpol | 30 | — 20| —|15)—|10]—]ns

*These specificationsrrepresent an improvement over previously published specifications for the 8-, 10-, and 12,5-MHz MC68000 and
are valid only for product bearing date codes of 8827 and later.

NOTES:
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns.
2. The falling edge of S6 trigger both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.
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MC68000

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and thelr related dlagrams for device operauon
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NOTE: This tlmmg diagram is mcluded for those who wish to design their own circuit to generate UMA. It shows the best case
possibly attainable.

Figure 10. MC68000 to M6800 Peripheral Timing Diagram (Best Case)
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable

Figure 11. MC68000 to M6800 Peripheral Timing Diagram (Worst Cése)
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MC68000

AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION (Vcc=5.0 Vdc+5%; GND=0 Vdc; Tao=T| to Ty; see Figure 12)

Num. Characteristic Symbol 8 MHz" | 10 MHz* 12.5 MHz* 16.'6"72::'”2 Unit
Min |Max | Min {Max | Min |Max | Min | Max
7 Clock High to Address, Data Bus High Impedance tcHaDZ | — | 80 | — |70 | — | 80 [ — [ 50 | ns
- {Maximum)
16  |Clock High to Control Bus High impedance tCHcz | — | 80| — |70 | — | 60| — | 50 | ns
33 |Clock High to BG Asserted tcHGL | — | 62| — |50 ] — |40 | — | 40| ns
34 |Clock High to BG Negated tCHGH | — | 62 | — |50 | — | 40| — | 40 | ns
35 |BR Asserted to BG Asserted tBRLGL | 1.5 | 35| 1.5|35| 15|35} 15|35 |Clks
3 36" |BR Negated to BG Negated tBRHGH | 15| 35| 15|35 | 15|35 | 15| 35 |Clks
37 |BGACK Asserted to BG Negated tGALGH | 15[ 35| 15|35|15|35| 15| 3.5 | Clks
37A? |BGACK Asserted to BR Negated tGALBRH| 20 | 1.5] 20 | 1520 | 15|10 | 1.5| ns
Clks Clks Clks Clks
38 |BG Asserted to Control, Address, Data Bus High tGLZ — |80 | — |70 | — | 60| — |60 | ns
Impedance (AS Negated)
39 . |BG Width Negated R tgH |16 — |15 — 15| — 15| — |Clks
46 |BGACK Width Low . tgaL | 15| — 15|~ | 15| — | 16| — |Clks
47  |Asynchronous Input Setup Time tAS| 0(— (10— |10]—|[10]|—]ns
57 |BGACK Negated to AS, DS, RW Driven ) tgasp | 15| — |15 — | 15| — | 16| — | Clks
57A |BGACK Negated to FC, VMA Driven : tGarpD | 1 | — | 1V | — ] 1| =] 1|—]|Cks
581 |BR Negated to AS, DS, R/W Driven tRHsD | 15| — | 15| — | 15| — | 15| — |Clks
58A! |BR Negated to FC, VMA Driven tRuFD | 1 [ — ] V| =] 1 | —| 1 | —|Cks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68000 and
are valid only for product bearing date codes of 8827 and later.

NOTES:
1. The processor will negate BG and begin dnvmg the bus again if external arbitration logic negates BR before asserting BGACK.
2. The minimum value must be et to guarantee proper operation. If the maximum value is exceeded, BG may be re-asserted.

These waveforms should only be referenced in regard to the edge-to- edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTE: Setup time to the clock (#47) for the asynchronous inputs BERR, BGACK, BR, DTACK, IPLO-IPL2, and VPA guarantees their
recognition at the next falling edge of the clock.
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Figure 12. MC68000 Bus Arbitration Timing Diagram
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PIN ASSIGNMENTS
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TECHNICAL DATA
MC68HC000

Technical Summary

Low Power HCMOS
16-/32-Bit Microprocessor

This document contains both a sumrhary of the MC68HCO000 as well as a detailed set of parametrics.
The purpose is twofold — to provide an introduction to the MC68HC000 and support for the sophisticated :
user. For detailed information on the MC68HCOOO, refer to the MC68000 16-Bit Micorprocessor User’s

Manual. .
3 The primary benefit of the MC68HCO0O is its reduced power consumption. The device dissipates an
order of magnitude less power than the HMOS MC68000. :

The MC68HCO000 is an implementation of the M68000 16/32 microprocessor architecture. The
MC68HC000 has a 16-bit data bus implementation of the. M68000 and is upward code compatible to the
MC68010 virtual extension and the MC68020 32-bit implementation of the architecture. Any user-mode
programs written using the MC68HCOQO instruction set will run unchanged on the MC68000, MC68008,
MC68010, and MC68020. This is possible because the user programming model is identical for all five
processors and the instruction sets are proper sub-sets of the complete architecture. Resources available
to the MC68HCO00 user consist of the following: '

® 17 32-Bit Data and Address Registers
® 16 Megabyte Direct Addressing Range
® 56 Powerful Instruction Types ‘
e Operations on Five Main Data Types
o Memory Mapped /O
® 14 Addressing Modes
31 16 15 87 0
[ ; i 00
| | l _ D1
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Figure 1. User Programming Model

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

As shown in the user programming model (Figure 1),
the MC68HC000 offers 16 32-bit registers and a.32-bit
program counter. The first eight registers (D0-D7) are
used as data registers for byte (8-bit), word (16-bit), and
long word (32-bit) operations. The second set of seven
registers (A0-A6) and the user stack pointer {USP) may
be used as software stack pointers and base address reg-
isters. In addition, the registers may be used for word
and long word operations. All of the 16 registers may be
used as index registers.

In supervisor mode, the upper byte of the status reg-
ister and the supervisor stack pointer (SSP) are also avail-
able to the programmer. These registers are shown in
Figure 2.

The status register (Figure 3) contains the interrupt mask
(eight levels available) as well ‘as the condition codes:
extend (X), negative (N), zero (Z), overflow (V), and carry
(C). Additional status bits indicate that the processor is
in a trace (T) mode and in a supervisor (S) or user state.

USER BYTE

SYSTEM BYTE * (CONTROL CODE REGISTER)

r@s@'zhlm& XINIZIv[%J'

TRACE MODE |

INTERHUPT zxmm
SUPERVISOR  masK NEGATIVE
STATE ‘ ) ZERD
OVERFLOW

CARRY
Figure 3. Status Register

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types
are:
® Bits
®. BCD Digits (4 Bits)
® Bytes (8 Bits)
e Words (16 Bits)
® Long Words (32 Bits) :
In addition, operations on other data types such as mem-
ory addresses, status word data, etc. are provnded in the
instruction set.
The 14 addressmg modes shown in Table 1, include.
six basic types:
® Register Direct
® Register Indirect
® Absolute
® Program Counter Relatlve
[ ]
.

Immediate

Implied
Included in the register indirect addressing modes is the
capability to do postincrementing, predecrementing, off-

MIC68HC000

Table 1. Addressing Modes

Addressing Modes Syntax
Register Direct Addressing
Data Register Direct Dn
Address Register Direct - An
Absolute Data Addressing
Absolute Short xxx.W
Absolute Long xxx.L
Program Counter Relative Addressing
Relative with Offset ' d1g(PC)
Relative with Index Offset dg(PC,Xn) ~
Register Indirect Addressing
Register Indirect . (An)
Postincrement Register Indirect {An) +
Predecrement Register Indirect ' —{An)
Register Indirect with Offset d1glAn)
Indexed Register Indirect with Offset dg(An,Xn)
Immediate Data Addressing
Immediate . #xxx
Quick Immediate : #1-#8
Implied Addressing )
Implied Register SR/USP/SP/PC
NOTES
Dn = Data Register
An = Address Register
Xn = Address of Data Register used as Index Register
SR = Status Register
PC = Program Counter
SP = Stack Pointer
USP = User Stack Pointer
() = Effective Address
dg = 8-Bit Offset (Displacement)
dig = 16-Bit Offset (Displacement)
#xxx = Immediate Data

setting, and indexing. The program counter relative mode
can also be modified via indexing and offsetting.

INSTRUCTION SET OVERVIEW

The MC68HCO000 instruction set is shown in Table 2.
Some additional instructions are variations, or sub-sets,
of these and they appear in Table 3. Special emphasis
has been given to the instruction set’s support of struc-
tured high-level langugages to facilitate ease of program-
ming. Each instruction, with few exceptions, operates on
bytes, words, and long words and most instructions can
use any of the 14 addressing modes. Combining instruc-
tion types, data types, and addressing modes, over 1000
useful instructions are provided. These instructions in-
clude signed and unsigned, multiply and divide, "quick’’
arithmetic operations, BCD arithmetic, and expanded op-
erations (ihrough traps).

R L
SUPERVISOR STACK

POINTER

STATUS REGISTER

1615 0
a7
! - 1S5P)
15 87 0
|
[ T cR | sa

Figure 2. Supervisor Programming Model Supplement
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MC68HC000

Table 2. Instruction Set Summary

Mnemonic Description Mnemonic Description -

ABCD Add Decimal With Extend MOVE Move

ADD Add MULS * Signed Multiply

AND . Logical AND MuLu Unsigned Multiply

ASL Arithmetic Shift Left N .

ASR Arithmetic Shift Right NBCD Negate Decimal with Extend
NEG Negate

Bce Branch Conditionally NOP No Operation

BCHG Bit Test and Change NOT One’s Complement

BCLR Bit Test and Clear N

BRA Branch Always .. Or Logicai OR

BSET Bit Test and Set PEA Push Effective Address

R .

g?ST EB!ir;ar;_Z:‘to Subroutine RESET Reset External Devices
ROL Rotate Left without Extend

CHK Check Register Against Bounds ROR Rotate Right without Extend

CLR Clear Operand ROXL Rotate Left with Extend

CMP Compare ROXR Rotate Right with Extend

DBcc Test Condition, Decrement and Branch RTE Return from Exception

N S RTR -Return and Restore

DIVS Signed Divide RTS Return from Subrouti

DIVU Unsigned Divide eturn ro routine

EOR Exclusive OR SBCD Subtract F)gctmal with Extend

. Scc Set Conditional

EXG Exchange Registers

EXT Sign Extend stop Stop
sus Subtract

JMP Jump SWAP Swap Data Register Halves

JSR Jump to Subroutine TAS Test and Set Operand

LEA Lead Effective Address TRAP Trap

LINK Link Stack . TRAPV. Trap on Overflow

LSL Logical Shift Left TST Test

LSR Logical Shift Right UNLK "~ Unlink

Table 3. Variations of Instruction Types

Instruction Instruction
Type Variation Description Type Variation Description
ADD ADD Add MOVE MOVE Move
ADDA Add Address . MOVEA Move Address
ADDQ Add Quick MOVEM Move Multiple Registers
ADDI Add immediate MOVEP Move Peripheral Data
ADDX Add with Extend MOVEQ Move Quick
r MOVE from SR Move from Status Register
AND v PRSI MOVE to SR Move to Status Register
ANDI to CCR And Immediate to MOVE to CCR Move to Condition Codes
. MOVE USP Move User Stack Pointer
Condition Codes
ANDI to SR And Immediate to Status NEG NEG Negate
Register NEGX Negate with Extend
CMP CMP Compare OR OR Logical OR
CMPA Compare Address ORI OR Immediate
CMPM Compare Memory . ORI to CCR . OR Immediate to
CMPI Compare Immediate Condition Codes
EOR EOR Exclusive OR QRI to SR OF:‘Im.medlate to Status
EORI Exclusive OR Immediate egister
EORI to CCR Exclusive OR Immediate to SUB SuB Subtract
' Condition Codes SUBA Subtract Address
EORI to SR Exclusive OR Immediate to Susl Subtract Immediate
Status Register susQ Subtract Quick
SUBX Subtract with Extend

|
MOTOROLA M68000 FAMILY
3-22 REFERENCE



SIGNAL DESCRIPTION

The input and output signals are illustrated functionally in
Figure 4 and are described in the following paragraphs.

MC68HC000

Table 4. Data Strobe Control of Data Bus

Ubs LDS R/W D8-D15 DO-D7

High High - No Valid Data No Valid Data

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

High Low High No Valid Data Valid Data Bits

0-7

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

Low Low Low Valid Data Bits | Valid Data Bits
8-15 07

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

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

veel2) ADDRESS
GND(2) BUS A1-A23
__GNDi2) | 80
oK —
DATA BUS> p0-015
Kg —-
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e SEvoe— =871 - BUS
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STATUS FC2 3 2 DTACK CONTROL
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PERIPHERAL {<~1_M—_“-— _BBGA_ . } BUS :SH?ITLUL ON
contRoL \—VPA | | BGACK
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owtho {F—’.E. ‘H } ”\[‘ZLENHTRRUOPlT
CONTROL HALT PL2

Figure 4. Input and Output Signals

ADDRESS BUS (A1 THROUGH A23)

This 24-bit, unidirectional, three-state bus is capable of ad-
dressing 16 megabytes of data. It provides the address for bus
operation during all cycles except interrupt cycles. During in-
terrupt cycles, address lines A1, A2, and A3 provide infor-
mation about what level interrupt is being serviced while
address lines A4 through A23 are set to a logic high.

DATA BUS (D0 THROUGH D15)

This 16-bit, bidirectional, three-state bus is the general pur-
pose data path. It can transfer and accept data in either word
or byte length. During an interrupt acknowledge cycle, the

external device supplies'the vector number on data lines DO- -

D7.

ASYNCHRONOUS BUS CONTROL

Asynchronous data transfers are handled using the following
control signals: address strobe, read/write, upper and lower
data strobes, and data transfer acknowledge. These signals
are explained in the following paragraphs.

Address Strobe (AS)

This signal indicétes that there is a valid address on the
address bus.

Read/Write (R/W)

This signal defines the data bus transfer as a read or write
cycle. The R/W signal also works in conjunction with the data
strobes as explained in the following paragraph.

Upper and Lower Data Strobe (UDS, LDS)

These signals control the flow_of data on the data bus, as
shown in Table 4. When the R/W line is high, the processor
will read from the data bus as indicated. When the R/W line
is low, the processor will write to the data bus as shown.

M68000 FAMILY
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*These conditions are a result of current implementation and may
not appear on future devices.

Data Transfer Acknowledge (DTACK)

This input indicates that the data transfer is completed.
When the processor recognizes DTACK during a read cycle,
data is latched and the bus cycle terminated. When DTACK
is recognized during a write cycle, the bus cycle is terminated.

BUS ARBITRATION CONTROL

The three signals, bus request, bus grant, and bus grant
acknowledge, form a bus arbitration circuit to determine which
device will be the bus master device.

Bus Request (BR)

This input is wire ORed with all other devices that could be
bus masters. This input indicates to the processor that some
other device desires to become the bus master.

Bus Grant (BG)

This outputindicates to all other potential bus master devices
that the processor will release bus control at the end of the
current bus cycle.

Bus Grant Acknowledge (BGACK)

This input indicates that some other device has become the
bus master. This signal should not be asserted until the fol-
lowing four conditions are met: ’

1. a bus grant has been received,

2. address strobe is inactive which indicates that the micro-

processor is not using the bus,

3. data transfer acknowledge is inactive which indicates that

neither memory nor peripherals are using the bus, and

4. bus grant acknowledge is inactive which indicates that

no other device is still claiming bus mastership.

INTERRUPT CONTROL (IPLO, IPL1, IPL2)

These input pins indicate the encoded priority level of the
device requesting an interrupt. Level seven is the highest prior-
ity while level zero indicates that no interrupts are requested.
Level seven cannot be masked. The least significant bit is given
in IPLO and the most significant bit is contained in IPL2. These
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lines must remain stable until the processor signals interrupt
acknowledge (FCO-FC2 are all high) to insure that the interrupt
is recognized.

SYSTEM CONTROL

The system control inputs are used to either reset or halt
the processor and to indicate to the processor that bus errors
have occurred. The three system control inputs are explained
in the following paragraphs.

Bus Error (BERR)

This input informs the processor that there is a problem with
the cycle currently being executed. Problems may be a result
of: )

1. nonresponding devices,

2. interrupt vector number acquisition failure,

3. illegal access request as determined by a memory man-

' agement unit, or :

4. other application dependent errors.

The bus error signal interacts with the halt signal to determine
if the current bus cycle should be re-executed or if exception
processing should be performed.

Reset (RESET)

This bidirectional signal line acts to reset (start a system
initialization sequence) the processor in response to an external
reset signal. An internally generated reset (result of a RESET
instruction) causes all external devices to be reset and the
internal state of the processor is not affected. A total system
reset {processor and external devices) is the result of external
HALT and RESET signals applied at the same time.

Halt (HALT)

When this bidirectional line is driven by an external device,
it will cause the processor to stop at the completion of the
current bus cycle. When the processor has been halted using
this input, all control signals are inactive and all three-state
lines are put in their high-impedance state.

When the processor has stopped executing instructions,
such as in a double bus fault condition, the HALT line is driven
by the processor to indicate to external devices that the pro-
cessor has stopped.

M6800 PERIPHERAL CONTROL

These control signals are used to allow the interfacing of
synchronous M6800 peripheral devices with the asynchronous
MCB8HC000. These signals are explained in the following
paragraphs.

Enable (E)

This signal is the standard enable signal common to all
M®6800 type peripheral devices. The period for this output is
ten MC68HCO000 clock periods (six clocks low, four clocks
high). Enable is generated by an internal ring counter which
may come up in any state (i.e., at power on, it is impossible
to guarantee phase relationship of E to CLK). Eis a free-running
clock and runs regardless of the state of the bus on the MPU.

Valid Peripheral Address (VPA)

“This input indicates that the device or region addressed is
an M68000 Family device and that data transfer should be
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synchronized with the enable (E) signal. This input also indi-
cates that the processor should use automatic vectoring for
an interrupt during an IACK cycle. : S

Valid Memory Address (VMA)

This output is used to indicate to M68000 peripheral devices
that there is a valid address on the address bus and the pro-
cessor is synchronized to enable. This signal only responds to
a valid peripheral address (VPA) input which indicates that the
peripheral is an M68000 Family device.

PROCESSOR STATUS (FCO0, FC1, FC2)

These function code outputs indicate the state {user or su-
pervisor) and the cycle type currently being executed, as
shown in Table 5. The information indicated by the function
code outputs is valid whenever address strobe (AS) is active.

Table 5. Function Code Outputs

Function Code Output
FC2 FC1 FCO Cycle Time
Low Low Low (Undefined, Reserved)
Low Low High User Data
Low © High Low User Program
Low High High (Undefined, Reserved)
High Low Low {Undefined, Reserved)
High Low High Supervisor Data
High High Low Supervisor Program
- High High High Interrupt Acknowledge

CLOCK (CLK)

The clock input is a8 TTL-compatible signal that is internally
buffered for development of the internal clocks needed by the
processor. The clock input should not be gated off at any time
and the clock signal must conform to minimum and maximum
pulse width times. The clock is a constant frequency square
wave with no stretching or shaping techniques required.

DATA TRANSFER OPERATIONS

Transfer of data between devices involves the following
leads:

1. address bus A1 through A23,

2. data bus DO through D15, and

3. control signals.

The address and data buses are separate parallel buses used
to transfer data using an asynchronous bus structure. In all
cycles, the bus master assumes responsibility for deskewing
all signals it issues at both the start and end of a cycle. In
addition, the bus master is responsible for deskewing the ‘ac-
knowledge and data signals from the slave device.

The following paragraphs explain the read, write, and read-
modify-write cycles. The indivisible read-modify-write cycle is
the method used by the MC68HCO00 for interlocked multi-
processor communications.

READ CYCLE

During a read cycle, the processor receives data from the
memory of a peripheral device. The processor reads bytes of
data in all cases. If the instruction specifies a word (or double
word) operation, the processor reads both upper and lower
bytes simultaneously by asserting both upper and lower data
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strobes. When the instruction specifies byte operation, the
processor uses an internal AQ bit to determine which byte to
read and then issues the data strobe required for that byte.
For byte operations, when the AQ bit equals zero, the upper
data strobe is issued. When the AQ bit equals one, the lower
data strobe is issued. When the data is received, the processor
correctly positions it internally.

WRITE CYCLE

During a write cycle, the processor sends data to either the
memory or a peripheral device. The processor writes bytes of .

data in all cases. If the instruction specifies a word operation,
the processor writes both bytes. When the instruction specifies
a byte operation, the processor uses an internal AD bit to
determine which byte to write and then issues the data strobe
required for that byte. For byte operations, when the AQ bit
equals zero, the upper data strobe is issued. When the A0 bit
equals one, the lower data strobe is issued.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle performs a read, modifies the
data in the arithmetic-logic unit, and writes the data back to
the same address. In the MCB8HCO00, this cycle is indivisible
in that the address strobe is asserted throughout the entire
cycle. The test and set (TAS) instruction uses this cycle to
provide meaningful communication between processors in a
multiple processor environment. This instruction is the only
instruction that uses the read-modify-write cycles and since
the test and set instruction only operates on bytes, all read-
modify-write cycles are byte opgiations.

PROCESSING STATES

The MC68HCO00 is always in one of three processing states:
normal, exception, or halted.

NORMAL PROCESSING

The normal processing state is that associated with instruc-
tion execution; the memory references are to fetch instructions
and operands, and to store results. A special case of normal
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state is the stopped state which the processor enters when a
stop instruction is executed. In this state, no further references
are made.

EXCEPTION PROCESSING

The exception processing state is associated with interrupts,
trap instructions, tracing, and other exception conditions. The

" exception may be internally generated by an instruction or by

an unusual condition arising during the execution of an in-
struction. Externally, exception processing can be forced by
an interrupt, by a bus error, or by a reset. Exception processing
is designed to provide an efficient context switch so that the
processor may handle unusual conditions.

HALTED PROCESSING . o

The halted processing state is an indication of catastrophlc
hardware failure. For example, if during the exception proc-
essing of a bus error another bus error occurs, the processor’
assumes that the system is unusable and halts. Only an external
reset can restart a halted processor. Note that a processor in
the stopped state is not in the halted state, nor vice versa.

INTERFACE WITH M6800 PERIPHERALS

Motorola’s extensive line of M6800 peripherals are directly
compatible with the MC68HC000. Some of these devices that
are particularly useful are:

MC6821 Peripheral Interface Adapter )

MC6840 Programmable Timer Module

MC6843 Floppy Disk Controller

MC6845 CRT Controller }

MC6850 Asynchronous Communications Interface
Adapter

MC6854 Advanced Data Link Controller

Tointerface the synchronous M6800 peripherals with the asyn-
chronous MC68HCO00, the processor modifies its bus’ cycle
to meet the M6800 cycle requirements whenever an M6800
device address is detected. This ‘is possible since both the
processors use memory mapped I/O ‘
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ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to pro-
P - . tect the inputs against damage due to
Supply Voltage Vee ~03to +65 v high static voltages or electric fields;
Input Voltége Vi ~03to +65 v however, itis advised that normal pre-
a cautions be taken to avoid application
Operating Temperature Range - TA TLtoTH °C of any voltage higher than maximum-
MC68HC000 0to 70 - rated voltages to this high-impedance
_ o . circuit. Reliability of operation is en-
Storage Temperature Tstg 5510 +150 ¢ hanced if unused inputs are tied to the
.appropriate logic voltage level (e.g.,
either GND or V). |
THERMAL CHARACTERISTICS
Characteristic Symbol | Value | Symbol | Value | Rating
Thermal Resistance (Still Air) 8JA 6JC CW
Ceramic, Type L/LC 30 15%
Ceramic, Type R/RC 33 15
Plastic, Type P 30 15*
Plastic, Type FN 45 25*%
*Estimated
CMOS CONSIDERATIONS mode that may resultin excéssive current drain and even-

The MC68HCO000, with its significantly lower power
consumption, has other considerations. The CMOS cell
is basically composed of two complementary transistors
(a P channel and an N channel), and only one transistor
is turned on while the cell is in the steady state. The active
P-channel transistor sources current when the output is
a logic high and presents a high impedance when the
output is a logic low. Thus, the overall result is extremely
low power consumption because no power is lost through
the active P-channel transistor. Also, since only one tran-
sistor is turned on during the steady state, power con-
sumption is determined by leakage currents. '

Because the basic CMOS cell is composed of two com-
plementary transistors, a virtual semiconductor con-
trolled rectifier (SCR) may be formed when an input
‘exceeds the supply voltage. The SCR that is formed by
this high input causes the device to become latched in a
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tual destruction of the device. Aithough the MC68HC000
is implemented with input protection diodes, care should
be exercised to ensure that the maximum input voltage
specification is not exceeded. Some systems may require
that the CMOS circuitry be isolated from voltage tran-
sients; others may require no additional circuitry.

The MC68HC000, implemented in CMOS,; is applicable
to designs to which the following considerations are rel-
evant:

1. The MC68HCO000 completely satisfies the input/out-
put drive requirements of CMOS logic devices.

2. The HCMOS MC68HC000 provides an order of mag-
nitude reduction in power dissipation when com-
pared to the HMOS MC68000. However, the
MC68HCO000 does not offer a “power down’ mode.
The minimum operating frequency of the
MC68HC000 is 4 MHz.
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DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc=5%; GND =0 Vdc; TA=T( to TH)

MC68HC000

Characteristic Symbol Min Max | Unit
Input High Voltage VIH 2.0 Vee \%
Input Low Voltage VIL GND-03 | 08 \%
Input Leakage Current BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2, VPA| i, — 25 | pA
@ 525V HALT, RESET | - — 20
Three-State (Off State) Input Current _AS, A1-A23,D0-D15,| ITg) — 20 pA
@ 2.4 V/0.4V FC0-FC2, LDS, R/W, UDS, VMA
Output High Voltage E, AS, A1-A23, BG, D0-D15,| Von |[Vcc -0.75| — Y
(loH = —400 pA) FCO-FC2, LDS, RW, UDS, VMA
Output Low Voltage ___| VoL v
(loL=1.6 mA) __ HALT — 0.5
(loL=3.2 mA) A1-A23, BG, FCO-FC2 — 0.5
(I0L=5.0 mA) . o RESET — 05
(loL=5.3 mA) E, AS, D0-D15, LDS, R/W, UDS, VMA — 0.5
Current Dissipation* f=8 MHz D — 25 mA
f=10 MHz — 30
f=12.5 MHz — 35
f=16.67 MHz 50
Power Dissipation f=8 MHz Pp — 0.13 w
f=10 MHz — 0.16
f=12.56 MHz — ] 019
f=16.67 MHz 2| 0.26
Capacitance (Vi =0V, TA=25°C, Frequency =1 MHz)** Cin — 20.0 pF
Load Capacitance HALT CL . 70 pF
All Others — 130
*Currents listed are with no loading.
**Capacitance is periodically sampled rather than 100% tested.
AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (See Figure 5)
o 8 MHz* | 10 MHz* |12.5 MHz»| 1667 MHz)
Num. Characteristic Symbol || "2F Unit
Min |Max | Min [Max | Min | Max | Min | Max
Frequency of Operation f 40 |80 | 40100 40 (125]| 8.0 |16.7| MHz
1 Cycle Time teve 125|250 | 100 | 250 80 | 250 | 60 | 125| ns
2,3 |Clock Pulse Width (Measured from 1.5V to 1.5 V for 12F) tcL 55|125| 45|125| 35 | 125| 27 |62.5| ns
tCH 55|125( 45|125| 35 | 125] 27 |62.5
4,5 |Clock Rise and Fall Times tcr — | 10— 10| — 5[ — 5| ns
tcf — | 10} — | 10| — 5| — 5

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68HC000

and are valid only for product bearing date codes of 8827 and later.

toL

tcr — - t¢f

teye

r—— fCH —

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volit and high a voltage of 2.0 volts, 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 volt

and 2.0 volts.

Figure 5. Clock Input Timing
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AC ELECTRICAL SPECIFICATION DEFINITIONS : appropriate, and are measured as shown in Figure 6.
The AC specifications presented consist of output de-  Inputs are specified with minimum setup and hold times,
lays, input setup and hold times, and signal skew times. and are measured as shown. Finally, the measurement
All signals are specified relative to an appropriate edge for signal-to-signal specifications is also shown.
of the clock and possibly to one or more other signals.
The measurement of the AC specifications is defined NOTE
by the waveforms shown'in Figure 6. In order to test the The testing levels used to verify conformance to the
parameters guaranteed by Motorola, inputs must be dri- AC specifications does not affect the guaranteed DC
ven to the voltage levels specified in that figure. Outputs operation of the device as specified in the DC elec-
are specified with minimum and/or maximum limits, as trical characteristics. '
DRIVE
TO 24V *
LK /—3&2.0 v
— 08V
DRIVE __T »
ToO0S5V
. —_
VALD 20V 20V vALID
OUTPUTS(1) CLK OUTPUT n 08V ,E@( 08V OUTPUT n+1
’ f€— A —>
—1>' B pt—
VALID 20V 20V VALID
OUTPUTS{2) CLK OUTPUTR 08V Wr 08V OQUTPUTn+1
C —>1€— D~
DRIVE ” 20V iD 20V
: VALID 2
INPUTS{3) CLK 1024V EQ
INPUT 0.
DRIVE 08V 08V
7005V
C —>ta— D—>
20V 20V pRIVE
. VALID & T0 24V
INPUT(4) CLK - . ﬂ
08V INPUT 08V DRIVE
T005V
; rov
ALL SIGNALS(5) 20V
c 08V
|—— [
e— F —>
20V
08V

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:

. Maximum output delay specification.

. Minimum output hold time.

. Minimum input setup time specification.

. Minimum input hold time specification.

. Signal valid to signal valid specification (maximum or minimum).

. Signal valid to signal invalid specification (maximum or minimum).

mTmMoOm>

Figure 6. Drive Levels and Test Points for AC Specifications
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Vcc=5.0 Vdc =5%; GND=0 Vdc; TA=Ti to TH;
see Figures 7 and 8)

Num. Characteristic Symbol 8 MHz" | 10 MHz" 1125 MHz" 16.'(?‘72::/"“2 Unit
Min | Max | Min | Max | Min | Max | Min | Max

6 [Clock Low to Address Valid tcray | — |62 | — |50 | — [ 50 | — [ 50 | ns
6A [Clock High to FC Valid tCHFCV | — | 62 | — |50 | — | 45| — | 45| ns
7  |Clock High to Address, Data Bus High Impedance tcHADZ | — | 80 | — |70 [ — | 60 | — | 50 | ns

{Maximum)

8 |Clock High to Address, FC Invalid (Minimum) tcHAFI | O | — [ O | —] O | —] O ]| — | ns
91 |Clock High to AS, DS Asserted tcHsL | 3 |60 3 |50 | 3 | 40| 3 | 40| ns
112 |Address Valid to AS, DS Asserted (Read)/AS tavsL [ 30| — (20| —~ |15 =15 —| ns

Asserted (Write) ’
11A2 |FC Valid to AS, DS Asserted (Read)/AS Asserted (Write) tecvsL | 90 | — | 70| — [ 60| — |30 — | ns
121 |Clock Low to AS, DS Negated tCLSH | — | 62| — |50 | — |40 | — | 40| ns
132 |AS, DS Negated to Address, FC Invalid tSHAFI |40 | — (30| — ]| 20| — [ 10| — | ns
142 |AS (and DS Read) Width Asserted tSL 270 — | 195 — [160| — [120[ — | ns
14A DS Width Asserted (Write) tpsL (140 — | 95| — | 80 | —[60 | — | ns
152 |AS, DS Width Negated tgH [150| — [105| — | 65| — |60 | — | ns

16 [Clock High to Control Bus High Impedance tcHCZ | — |80 | — |70 | — | 60| — | 50 | ns
172 |AS, DS Negated to RW Invalid tgHRH | 40 | — {30 | — |20 — |10 | — | ns
18"  [Clock High to RAW High (Read) tcHRH | O 55| 0 |45 | 0 |40 | 0 |40 | ns
20" |Clock High to R/W Low (Write) tcHRL | 0 | 55| 0 (45| 0 |40 | 0 | 40 | ns

20A28 |AS Asserted to RW Valid (Write) tASRV | — | 10| — | 10| — 10| —|10] ns
212 [Address Valid to RW Low (Write) tavRL | 20 | — | O [ —[ O | —] O | — 1| ns’
21A2 |FC Valid to RW Low (Write) trcVRL | 60 | — | 50 | — [ 30| — | 20| — | ns
222 |RW Low to DS Asserted (Write) tarsL | 80| — |80 | — 30| — |20 —| ns

23 |Clock Low to Data-Out Valid {Write) tcpo | — [ 62| — | 50| — |50 | — | 50| ns
252 |AS, DS Negated to Data-Out Invalid (Write) tspol | 40 | — [ 30| — | 20| —| 15| — | ns
262 |Data-Out Valid to DS Asserted (Write) tposL | 40 | — |30 | —| 20| — |15 — | ns
275 |Data-In Valid to Clock Low (Setup Time on Read) tDICL MW|— (10 —|10|—|[7|—1ns
282 |AS, DS Negated to DTACK Negated tSHDAH | O [240] 0 |190| 0 [150| 0 [110| ns

(Asynchronous Hold)

29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tsp | 0 |— | o | —|o|—]0]—|ns
29A [AS, DS Negated to Data-In High Impedance tsSHDZ | — [ 187 | — | 150 — |120| — | 90 | ns
30 |AS, DS Negated to BERR Negated - tSHBEH | O | — | O | — | O | — ]| O | — | ms

3125 |DTACK Asserted to Data-In Valid {Setup Time) tpALDI | — |90 | — | 65| — |80 | — | 40 | ns

32 |HALT and RESET Input Transition Time tRHr 0 |200| O |200| 0 j200| O |150} ns
33 |Clock High to BG Asserted tcHgL | — | 62| — |80 | — |40 | — | 40| ns
34 [Clock High to BG Negated tCHGH | — | 62| — |50 | — | 40| — | 40 | ns
35 |BR Asserted to BG Asserted tBRLGL | 1.5 3.5(16|35|15|35|15]35|Clks
367 |BR Negated to BG Negated tBRHGH | 15| 35| 15|35 | 15|35 | 1.5]| 35 | Clks
37 |BGACK Asserted to BG Negated tGALGH | 15|35 | 15|35 |15|35| 16|35 |Clks

37A8 |BGACK Asserted to BR Negated tGALBRH| 20 | 15[ 20 |15 20 [ 15| 10 [ 15| ns
Clks Clks Clks Clks
38 |BG Asserted to Control, Address, Data Bus High tGLZ —lso|—|7|—|60|—1{5]ns
Impedance (AS Negated)

L |
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Continued)

Num, Characteristic Symbol 8 MHz* | 10 MHz* 12.5 MHz* 16"9'722"'”2 Unit
Min [ Max | Min [Max| Min |Max | Min | Max
39 |BG Width Negated tgy |15 — |15 — |18 — |15| — |Clks
40 |Clock Low to VMA Asserted tebymL | — |70 — |70 { — |70 | — | 50 | ns
41 |Clock Low to E Transition ) tCLeET | — [ 85| — (45| — |38 | — |35 | ns
42  |E Output Rise and Fall Time . tEr f — |15 | — || —|[15]|—1]15| ns
43 |VMA Asserted to E High : tyMLEH |200| — 180 — | 90| — | 80 | — | ns
44 |AS, DS Negated to VPA Negated tsHvpPH | 0 [120] 0 |90 { 0 [ 70 | 0 |50 | ns
45 [E Low to Control, Address Bus Invalid teLcal | 30| — | W0y — (10— 10| — | ns
(Address Hold Time)
46 |BGACK Width Low tgaL [ 15| — [15| — 15| — | 15| — |Clks
475 |Asynchronous Input Setup Time ) tAS) W|—|10(—|10|—=[10]|—]ns
4823 (BERR Asserted to DTACK Asserted tBELDAL| 20 [ — (20| — [20f — [ 10| — | ns
492 |AS, DS, Negated to E Low tSHEL |—70| 70 |-55| 55 | —45| 45 | -35| 35 | ‘ns
50 |E Width High : te4 |450 | — [350| — | 280} — |220| — | ns
51  |E Width Low : tgL | 700| — 550 | — [440| — |340| — | ns
53 |Data-Out Hold from Clock High tchpot | 0 | —| O | —1] 0| —| 0| —| ns
54  |E Low to Data-Out Invalid tepol | 30| — ({20 — | 15| — | 10| — | ns
55 |R/W Asserted to Data Bus Impedance Change tRLpBD | 30 | — 20| — {10 | — | O | — | ns
564 |HALT/RESET Pulse Width tHrpw | 10 | — | 10| — | 10| — [ 10| — [Clks
57 |BGACK Negated to AS, DS, R/W Driven tGasD (15| — [ 15| — |15 — | 16| — | Clks
57A |BGACK Negated to FC, VMA Driven tgakpD | 1 | — | 1V | = | 1| =] 1| —]Cks
587 |BR Negated to AS, DS, R/W Driven . tRHSD | 15| — [ 15| — [15| — [ 15| — [Clks
58A7 |BR Negated to FC, VMA Driven tRurD | 1 — {1 | — 1| = 1] —|Cks

*These spemflcanons represent an-improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68HC000
and are valid only for product bearing date codes of 8827 and later.

NOTES:
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5. nanoseconds from the value given in the maxlmum
columns.
2. Actual value depends on clock period.
3. If #47 is satisfied for both DTACK and BERR, #48 may be ignored. In the absence of DTACK, BERR is an asynchronous input
using the asynchronous input setup time (#47).
4. For power-up, the MC68000 must be held in the reset state for 100 milliseconds to allow stabilization of on-chip circuitry. After
the system is powered up, #56 refers to the minimum pulse width required to reset the processor.
. 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.
. When AS and RW are equally loaded (+20%)}, subtract 5 nanoseconds from the values givenin these columns.
. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK.
. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be re-asserted.
. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.

o
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation. :
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1. Setup time for the asynchronous inputs IPLO-IPL2 and VPA (#47) guarantees their recognition at the next falling edge of the
clock. :

2. BR need fall at this time only in order to insure being recognized at the end of the bus cycle.

3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise
noted. The voltage swing through this range should start outside and pass through the range such that the rise or fall is linear
between 0.8 volt and 2.0 volts.

Figure 7. MC68HC000 Read-Cycle Timing Diagram
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descrlptlons
and their related diagrams for device operation. .
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NOTES:"
1. Timing measurements are referenced to and from a low voitage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise
noted. The voltage swing through this range should start outsnde and pass through the range such that the rise or fall is linear
" between 0.8 volt and 2.0 volts. = *
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).

Figure 8. MC68HC000 Writé-CycIe Timing Diagram
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AC ELECTRICAL SPECIFICATIONS — MC68HC000 TO M6800 PERIPHERAL CYCLES (Vcc=5.0 Vdc+5%; GND=0 Vdc;
Ta=TL to Ty; see Figures 9 and 10}

Num. Characteristic Symbol | 5 MHz" | 10 MHz® 1125 MHz* 16'272sz Unit
Min |Max | Min | Max | Min | Max | Min Max
121 [Clock Low to AS, DS Negated tcLsH | — | 62| — |50 | — |40 | — |40 | ns
18" [Clock High to RAW High (Read) tcHRH | 0 | 55| O (45| 0 | 40| O [ 40| ns
207 |Clock High to R/W Low (Write) tCHRL | 0 | 55| 0 [ 45| 0 |40 | O |40 | ns
23 |Clock Low to Data-Out Valid (Write) tctpo | — (62| — | 50| — |50 | — |50 | ns
27 |Data-In Valid to Clock Low (Setup Time of Read) toicL |0 — |10 — 10—} 7| —|ns
29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tSHDII o|—|O0|—|O0|—]|0]|—|ns
40 |Clock Low to VMA Asserted toevmL | — | 70| — |70 | — |70 | — | 50 | ns
41 |Clock Low to E Transition tcLeT | — | 55| — |45 | — {35 | —[35] ns
42 |E Output Rise and Fall Time trf | — |15 — |15 —|165|—[15]ns
43 |VMA Asserted to E High tYMLEH [200) — |160} — | 90| — | 80 | — | ns
44 |AS, DS Negated to VPA Negated’ tgsHvPH | 0 [120] 0 [ 90 ] 0 | 70| 0 | 50 | ns
45 |E Low to Control, Address Bus Invalid teLcal [0 — (W0} — |10 | —]10|—| ns
(Address Hold Time) '

47  |Asynchronous Input Setup Time tASI M{—110}—|10|—110]|— | ns
492 |AS, DS, Negated to E Low tSHEL |—70] 70 | -55| 55 | -45| 45 [-35| 35 | ns
50 |E Width High teH |450| =~ [350| — (280 — [220| — | ns
51 |E Width Low tEL 700 | — [550 — [440| — {340 — | ns
54 |E Low to Data-Out Invalid tecpol | 30| — 20| — |15 —[10] — | ns

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68HC000

and are valid only for product bearing date codes of 8827 and later.

NOTES:

1. For a loading capaicitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns. :

2. The falling edge of S6 trigger both the negation of the strobes (AS and xDS) and the falling edge of E: Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.

|
68000 FAMILY
REFERENCE

MOTOROLA

3-33



MC68HC000

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as-a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation. ' '
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case
possibly attainable.

Figure 9. MC68HC000 to M6800 Peripheral Timing Diagram (Best Case)
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTE: This timing diagram is included for these who wish to design tneir own circuit to generate VMA. It shows the worst case
possibly attainable. : .

Figure 10. MC68HC000 to M6800 Peripheral Timing Diagram (Worst Case)
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION (Vcc=5.0 Vdc+5%; GND=0 Vdc; TA=T| to TH; see Figure 11)

Num. Characteristic Symbol 8 MHz* | 10 MHz" 1125 MHz" 16.'(?‘72"!'“2 Unit
Min | Max | Min |Max| Min | Max | Min | Max
7 [Clock High to Address, Data Bus High Impedance tcHADZ || — [ 80 | — |70 | — [ 60 | — [ 60 | ns
(Maximum) . '
16 |Clock High to Control Bus High Impedance | tchez | — |80 | — |70 | — |60 | — | 50.| ns
33 |Clock High to BG Asserted » tcHGL | — | 62| — |50 | — | 40| — | 40 | ns
34 |Clock High to BG Negated tCHGH | — | 62| — [ 50 [ — [ 40 | — | 40 | ns
35 |BR Asserted to BG Asserted tBRLGL | 1.5 | 35| 15[35]15|35|15]|35|Clks
367 |BR Negated to BG Negated . ’ tBRHGH | 1.5 | 35.[ 15|35 | 15|35 | 15|35 |Clks
37 |BGACK Asserted to BG Negated . tGALGH | 1.5 [ 35| 15|35 [15|35| 15|35 Clks
37A2 |BGACK Asserted to BR Negated . ) tGALBRH| 20 | 1.5 20 1 15|20 [1.5]| 10 | 1.5| ns
: . Clks| - [Clks Clks Clks
38 |BG Asserted to Control, Address, Data Bus High ) tgLz | — | 80| — |70 —160|—|50]| ns
Impedance (AS Negated) . :
39 |BG Width Negated : tGH 16| — 15|~ |156] — 15| — |Clks
46 [BGACK Width Low . tGAL | 15| —| 16| — |18| — | 15| — |Clks
47 |Asynchronous Input Setup Time . tASI 10| —]10]|=<[10]=]10]=]ns
57 |BGACK Negated to AS, DS, RW Driven tGASD | 15| — |15 — | 15| — | 15| — |Clks
57A |BGACK Negated to FC, VMA Driven ' tgapp | V=1 = 1| —=|1|—|cKks
58" |BR Negated to AS, DS, R/W Driven tRHsD | 15| — | 16| — [15| — | 15| — [Clks
58A1 |BR Negated to FC, VMA Driven tRHED | 1 | — | 1 | =] 1 | =] 1| —|Clks

*These spécifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68HC000
and are valid only for product bearing date codes of 8827 and later.

NOTES:
1. The processor will negate BG and begin driving the bus again if external arbitration logic negates ﬁEfore asserting BGACK.
2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be re-asserted.

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descrlptlons
and their’ related diagrams for devnce operanon

STROBES / X
AND RIW

S

recognmon at the next falling edge of the clock.

Figure 11. MC68HC000 Bus Arbitration Timing Diagram
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PIN ASSIGNMENTS
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TECHNICAL DATA

Technical Summary

16-Bit Microprocessor With
8-Bit Data Bus

This document contains both a summary of the MC68008 as well as a detailed set of parametrics.
The purpose is twofold — to provide an introduction to the MC68008 and support for the sophisti-
cated user. For detailed information on the MC68008 refer to the MC68008 Advance Information
Data Sheet. )

The MC68008 is a member of the M68000 Family of advanced microprocessors. This device al-
lows the design of cost effective systems using 8-bit data buses while providing the benefits of a
32-bit microprocessor architecture. The performance of the MC68008 is greater than any 8-bit mi-
croprocessor and superior to several 16-bit microprocessors. Resources available to the MC68008
user consist of the following:

® 17 32-Bit Data and Address Registers

56 Basic Instruction Types
Extensive Exception Processing
Memory Mapped | O

14 Addressing Modes

Complete Code Compatibility with the MC68000
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Figure 1. Programming Model
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This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

The MC68008 allows the design of cost effective sys-
tems using 8-bit data buses while providing the benefits
of a 32-bit microprocessor architecture. The performance
of the MC68008 is greater than any 8-bit microprocessor
and superior to several 16-bit microprocessors.

A system implementation based on an 8-bit data bus
reduces system cost in comparison to 16-bit systems due
to a more effective use of components and the fact that
byte-wide memories and peripherals can be used much
more effectively. In addition, the non-multiplexed ad-
dress and data buses eliminate the need for external de-
multiplexers, thus further simplifying the system,

The MC68008 has full code compatibility (source and
object) with the MC68000 which allows programs to be
run on either MPU, depending on performance require-
ments and cost objectives.

The MC68008 is available as a 48-pin dual-in-line pack-
age (in plastic or ceramic) and 52-pin quad plastic pack-
age. Among the four additional pins of the 52-pin package,
two additional address lines are included beyond the 20
address lines of the 48-pin package. The address reach
of the MC68008 is 1 of 4 megabytes with the 48- or 52-
pin package, respectively.

The large non-segmented linear address space of the
MC68008 allows large modular programs to be devel-

oped and executed efficiently. A large linear address space .
allows program segment sizes to be determined by the .

application rather than forcing the designer to adopt an
arbitrary segment size without regard to the applicaton’s
individual requirements.

The programmer’'s model is identical to that of the
MC68000, as shown in Figure 1, with seventeen 32-bit
registers, a 32-bit program counter, and a 16-bit status
register. The first eight registers (D0-D7) are used as data
registers for byte (8-bit), word (16-bit), and long word (32-
bit) operations. The second set of seven registers (A0-
AB), the user stack pointer (A7), and the system stack
pointer (A7’) may be used as software stack pointers and
base address registers. In addition, the registers may be
used for some simple word and long word data opera-
tions. All of the 17 registers may be used as index reg-
isters.

The system stack is used by many instructions. The 14
addressing modes allow the creation of user stacks and
queues. While all of the address registers can be used to
create stacks and queues, the A7 register by convention
is used as the system stack pointer. Supplementing this
convention is another address register, A7’; also referred
to as the system stack pointer. This powerful concept
allows the supervisor mode and user mode of the
MC68008 to each have their own system stack pointer
(consistently reffered to as SP) without needing to move
pointers for each context of use when the mode is
switched.

The system stack pointer (SP) is either the supervisor
stack pointer (A7'=SSP) or the user stack pointer
(A7=USP), depending on the state of the S bit in the
status register. If the S bit is set, indication that the pro-
cessoris in the supervisor state, then the SSP is the active
system stack pointer and the USP is not used. If the S bit
is clear, indicating that the processor is in the user state,

M68000 FAMILY
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then the USP is the active system stack pointer and the
SSP is protected from user modification.

The status register, shown in Figure 2, may be consid-
ered as two bytes, the user byte and the system byte.
The user byte contains five bits defining the overflow (V),
zero (Z), negative (N), carry (C), and extended (X) con-
dition codes. The system byte contains five defined bits.
Three bits are used to define the currentinterrupt priority;
and any interrupt level higher than the current mask level
will be recognized. (Note that level 7 interrupts are non-
maskable ~ that is, level 7 interrupts are always proc-
essed.) Two additional bits indicate whether the proces-
sor is in the trace (T) mode and/or in the supevisor (S}
state.

SYSTEM BYTE USER BYTE

TRACE MODE
SUPERVISGR

STATE INTERRUPT

MASK OVERFLOW

CARRY

NEGATIVE

. Figure 2. Status Register

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types

are:

Bits

BCD Digits {4 bits)

Bytes (8 bits)

Words (16 bits)

Long Words (32 bits) :

In addition, operations on other data types such as
memory addresses, status word data, etc. are provided
in the instruction set.

Most instructions can use any of the 14 addressing
modes which are listed in Table 1. These addressing
modes consist of six basic types.

® Register Direct
Register Indirect
Absoulte
Program Counter Relative
Immediate
e Implied :

The register indirect addressing modes also have the
capability to perform postincrementing, predecrement-
ing, offsetting, and indexing. The program counter rel-
ative mode may be used in combination with indexing
and offsetting for writing relocatable programs.

INSTRUCTION SET OVERVIEW

The MC68008 is completely code compatible with the
MC68000. This means that the programs developed for
the MC68000 will run on the MC68008 and visa versa.
This applies equally to either source code or object code.
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Table 1. Addressing Modes Table 2. Instruction Set Summary
Addressing Modes Syntax
Mnemonic Description
Register Direct Addressing .
Data Register Direct .~ Dn ) ABCD Add Decimal With Extend
Address Register Direct An ADD Add
Absolute Data Addressing - ) AND Logical AND
Absolute Short xxx.W ASL Ar!thmet!c Shfft L‘?h
Absolute Long el ASR Arithmetic Shift Right
Program Counter Relative Addressing Bee Branch Conditionally
Relative with Offset d16(PC) BCHG Bit Test and Change
Relative with Index Offset dg(PC,Xn) BCLR ’ Bit Test and Clear
Register Indirect Addressing BRA Branch Always
Register Indirect ' (An) ) BSET ’ Bit Test and Set
Postincrement Register Indirect (An)+ BSR Branch to Subroutine
3 Predecrement Register Indirect . —{An) BTST Bit Test
Register Indirect with Offset d1glAn) : i I
Indexed Register Indirect with Offset dg(An,Xn) CHK Check Register Against Bounds
n - CLR Clear Operand
Immediate Data Addressing cMP Com
N pare
immediate #xxx
Quick Immediate #1-#8 DBcc Test Condition, Decrement and Branch
Implied Addressing - DIVS Signed Divide
Implied Register - SR/USP/SP/PC DIVU Unsigned Divide
NOTES: EOR Exclusive OR )
Dn = Data Register EXG E%(change Registers
An = Address Register EXT Sign Extend
Xn = Address or.Data Register used as Index Register ‘JMP Jump ‘
SR = Status Register JSR Jump to Subroutine
PC = Program Counter
SP = Stack Pointer LEA Lead Effective Address
USP = User Stack Pointer ‘ LINK Link Stack
() = Contents of LSL : Logical Shift Left
dg = 8-Bit Offset (Displacement) LSR Logical Shift Right
d1g = 16-Bit Offset (Displacement}
#xxx = Immediate Data . MOVE Move
MULS Signed Multiply
MULU Unsigned Multiply
This instruction set was designed to minimize the num- NBCD Negate Decimal with Extend
ber of mnemonics remembered by the programmer. To NEG Negate
further reduce the programmer’s burden, the addressing NOP No Operation
modes are orthogonal. . NOT ‘| one’s Complement
The instruction set, shown in Table 2, forms a set of _
programming tools that include all processor functions OR Logical OR
to perform data movement, integer arithmetic, logical " PEA Push Effective Address
operations, shift and rotate operations, bit manipulation, —
BCD opertions, and both program and system control. RESET Reset External Devices
Some additional instructions are variations or subsets of ROL Rotate L‘?h without Extend
these and appear in Table 3. ROR Rotate Right ththout Extend
ROXL Rotate Left with Extend
ROXR Rotate Right with Extend
RTE Return from Exception
SIGNAL DESCRIPTION X RTR - | Return and Restore
: . : RTS Return from Subroutine
The M(_268008 is avgflable in twq package snzes.(48-pm SBCD -Subtract Decimal with Extend
and 52-pin). The additional four pins of the 52-pin quad Sce Set Conditional
package allow for additional signals: A20, A21, BGACK, STOP Stop
and IPL2, - suB Subtract
Throughout this document, references to the address SWAP Swap Data Register Halves
bus pins (A0-A19) and the interrupt priority level pins . ;
(IPLO/PLZ,IPLT) refer to A0-A21, and IPLO, IPLT, and IPL2 Myl Test and Set Operand
for the 52-pin version of the MC68008. TRAPV Trap
. A . rap on Overflow
The input and output signals can be functionally or- TST Test
ganized into the groups shown in Figure 3(a) for.the 48- -
pin version and in Figure 3(b) for the 52-pin version. The UNLK Unlink

following paragraphs provide a brief description of the
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Table 3. Variations of Instruction Types

MC68008

DATA BUS (DO through D7)

signals and a reference (if applicable) to other baragraphs
that contain more information about the function being
performed.

ADDRESS BUS (48-Pin: A0 through A19,
52-Pin: A0 through A21)

This unidirectional three-state bus provides the ad-
dress for bus operation during all cycles except interrupt
acknowledge cycles. During interrupt acknowledge cycles,
address lines A1, A2, and A3 provide information about
what level interrupt is being serviced while address lines
A0 and A4 through A19 (A21} are all driven high.

M68000 FAMILY
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N This 8-bit, bidirectional, three-state bus is the general
Instruction L . purpose data path. During an interrupt acknowledge cycle,
Type Variation Description the external device supplies the vector number on data
ADD ADD Add lines DO-D7.
ADDA Add Address
ADDQ Add Quick ASYNCHROUNOUS BUS CONTROL
,ﬁgglx ﬁgg '"_“:eEd'a‘ed Asynchrounous data transfers are handled using the
with Exten following control signals: address strobe, read/write, data
AND AND Logical AND strobe, and data transfer acknowledge. These signals are
ANDI AND Immediate explained in the following paragraphs.
ANDI to CCR AND Immediate to .
Condition Codes Address Strobe (AS)
ANDI to S i . . L . .
o SR Al\é?al‘mmed'?‘e to This three-state signal indicates that there is a valid
us Register . Y M
address. on the address bus. It is also used to “lock” the
CMP CMmP Compare bus during the read-modify-write cycle used by the test
CMPA Compare Address and set (TAS) instruction.
CMPM Compare Memory .
CMPI Compare Immediate Read/Write (R/W)
EOR EOR Exclusive OR This three-state signal defines the data bus transter as
EORI Exclusive OR Immediate a read or write cycle. The R/W signal also works in con-
EORIto CCR | Exclusive OR Immediate to junction with the data strobe as explained in the following
Condition Codes paragraph
EORI to SR Exclusive OR Immediate to : } :
Status Register Data Strobe (DS)
MOVE MOVE Move This three-state signal control the flow of data on the
mggga Move :‘Ad‘[jfefs Reqi data bus as shown in Table 4. When the R/W line is high,
MOVEP mg;z Pe:i:;geeraleg:;ers the processor will read from the data bus as indicated.
MOVEQ Move Quick When the R/W is low, the processor will write to the data
MOVE from SR | Move from Status Register bus as shown.
MOVE to SR .| Move to Status Register -
MOVE to CCR Move to ConditiongCodes Table 4. Data Strobe Control of Data Bus
MOVE USP Move User Stack Pointer — —
bs RIW D0-D7
NEG NEG Negate
NEGX Negate with Extend 1 — No Valid Data
OR OR Logical OR 0 1 .| Valid Data Bits 0-7 (Read Cycle)
ORI .| OR Immediate K e -
ORI to CCR OR Immediate 1 0 0 Valid Data Bits 0-7 (Write Cycle)
Condition Codes
ORI to SR OR Immediate to
_ Status Register Data Transfer Acknowledge (DTACK)
suB sus Subtract This input indicates that the data transfer is completed.
SUBA Subtract Address Then }he processor recognizes DTAC}( during aread cycle,
sual Subtract Immediate data is latched and the bus cycle is terminated. When
SUBQ Subtract Quick DTACK is recognized during a write cycle, the bus cycle
suBX Subtract with Extend is terminated.

'

BUS ARBITRATION CONTROL

The 48-pin MC68008 contains a simple two-wire arbi-
tration circuit and the 52-pin MC68008 contains a full
three-wire MC68000 bus arbitration control. Both ver-
sions are designed to work with the daisy-chained net-
works, priority encoded networks, or a combination of
these techniques. This circuit is used in determining which
device will be the bus master device: ’

Bus Request (BR)

This input is wire-ORed with all other devices that could
be bus masters. This device indicates to the processor
that some other device desires to become the bus master.
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(a) 48-PIN VERSION

Vee
GND (2) ADDRESS BUS AD-A1S
CLK .
—
. DATA BUS 00-07°
FCO
* PROCESSOR FC1 is
-~ >
STATUS FC2 e
-] MC68008 ___.> ASYNCHRONOUS
MICROPROCESSOR 0s BUS
. ——' CONTROL
ME800 B —— : <——
PERIPHERAL VFA __
CONTROL - BR BUS
o 5 } ARBITRATION
BERR ——>
» - CONTROL
SYSTEM RESET IPLOI2
CONTROL « AT s INTERRUPT
] CONTROL
{b) 52-PIN VERSION
S Vg ) ’
GND (2) ADDRESS BUS AQ-A21
CLK
—— ]
DATA BUS" D0-07
FLO S :
-~ R
PROCESSOR FC1 L RW o | astncRoNOUS
STATUS — 5 BUS
-« MCG8008  [———> CONTROL
MICROPROCESSOR | o DTACK
0 £ R .
wesoo (o E | B
PERIPHERAL VPA BG BUS
CONTROL — > ——> ARBITRATION
BGACK CONTROL
LN PL0 o
SYSTEM RESET —
CONTROL p pe—— . DO (N INTERRUPT
HALT 3 CONTROL
< le—"te
Figure 3. Input and Output Signals
Bus requests may be issued at any time in cycle or even 2. address strobe is inactive which indicates that the
if no cycle is being performed. microprocessor is not using the bus,
o ) 3. data transfer acknowledge is inactive which indi-
Bus Grant (BG) cates that neither memory nor peripherals are using
This output indicates to all other potential bus master the bus, and
devices that the processor will release bus control at the 4. bus grant acknowledge is inactive which indicates
end of the current bus cycle. . , that no other.device is still claiming bus mastership.
B — NOTES
us Grant Acknowledge (BGACK) 1) There is a two-clock interval straddling the
This input, available on the 52-pin version only, indi- transition of AS from the inactive state to
cates that some other device has become the bus master. the active state during whlch BG can not"
This signal should not be asserted until thefollowmg four be issued.
cohdltlons are met: ‘ 2) If an existing MC68000 system is retrofitted
. a bus grant has been recieved, to use the MC68008, 48-pin version {using

L ___________________________________________________________________________________|]
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BRand BG only), the existing BR and
BGACK signals should be ANDed and the
resultant signal connected to the
MC68008’s BR.

INTERRUPT CONTROL (48-Pin: IPLO/IPL2, IPL1

52-Pin: IPLO, IPL1, IPL2)

These input pins indicate the encoded priority level of
the device requesting an interrupt. The MC68000 and the
52-pin MC68008 MPU's use three pins to encode a range
of 0-7 but, for the 48-pin MC68008 only two pins are
available. By connecting the IPLO/IPL2 pin to both the IPLO
and IPL2 inputs internally, the 48-pin encodes values of
0, 2,5, and 7. Level zero is used to indicate that there are
no interrupts pending and level seven is a non-maskable
edge-triggered interrupt. Except for level seven, the re-
questing level must be greater than the interrupt mask
level contained in the processor status register before the
processor will acknowledge the request.

The level presented to these inputs is continually mon-
itored to allow for the case of a requesting level that is
less than or equal to the processor status register level
to be followed by a request that is greater than the pro-
cessor status register level. A satisfactory interrupt con-
dition must exist for two successive clocks before
triggering an interna!l interrupt request. An interrupt ac-
knowledge sequence is indicated by the function codes.

SYSTEM CONTROL

The system control inputs are used to either reset or
halt the processor and to indicate to the processor that
bus errors have occurred. The three system control sig-
nals are explained in the following paragraphs.

Bus Error (BERR)

This inputinforms the processor that there is a problem
with the cycle currently being executed. Problems may
be a result of:

1) nonresponting devices,
2
3

interrupt vector number acquisition failure,

illegal access request as determined by a memory
management unit, or

4

The bus error signal interacts with the halt signal to
determine if the current bus cycles should be re-executed
or if exception processing should be performed. A sum-
marization of the interaction is as follows:

various other application dependent errors.

Resulting Operation

BERR HALT

High High Normal Operation

High Low Single Bus Cycle Operation

Low High Bus Error - Exception Processing
Low Low Bus Error Re-Run Current Cycle

Reset (RESET)

This bidirectional signal line acts to reset {start a system
initialization sequence) the processor in response to an
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external RESET signal. An internally generated reset (re-
sult of a reset instruction) causes all external devices to
be reset and the internal state of the processor is not
affected. A total system reset (processor and external
devices) is the result of external HALT and RESET signals
applied at the same time.

Halt (HALT)

When this bidirectional line is driven by an external
device, it will cause the processor to stop at the comple-
tion of the current bus cycle. When the processor has
been halted using this input, all control signals are in-
active and all three-state lines are put in their high-imped-
ence state. ‘

When the processor has stopped executing instruc-
tions, such as in a double-bus fault condition, the halt
line is driven by the processor to indicate to external
devices that the processor has stopped.

M6800 PERIPHERAL CONTROL

These control signals are used to allow the interfacing

of synchronous M6800 peripheral devices with the asyn-
chronous MC68008. These signals are explained in the
following paragraphs.
_The MC68008 does not supply a valid memory address
{(VMA) signal like that of the MC68000. The VMA signal
indicates to the M6800 peripheral devices that there is a
valid addess on the address bus and that the processor
is synchronized to the enable clock. This signal can be
produced by a TTL circuit (see a sample circuit in Figure
4). The VMA signal, in this circuit only responds to a valid
peripheral address (VPA) input which indicates that the
peripheral is an M68000 Family device.

The VPA decode shown in Figure 4 is an active high
decode indicating that address strobe (AS) has been as-
serted and the address bus is addressing an M6800 pe-
ripheral. The VPA output of the circuit is used to indicate
to the MC68008 that the data transfer should be syn-
chronized with the enable (E) signal.

Enable (E)

This signal is the standard enable signal common to
all M6800 type peripheral devices. The period for this
output is ten MC68008 clock periods (six clocks low, four
clocks high).

Valid Peripherail Address (VPA)

This input indicates that the device or region addressed
is an M6800 Family device and that data transfer should
be synchronized with the enable (E) signal. This input
also indicates that the processor should use automatic
vectoring for an interrupt.

PROCESSOR STATES (FCO, FC1, and FC2)

These function code outputs indicate the state (user or
supervisor) and the cycle type currently being executed,
as shown in Table 5. The information indicated by the
function code output is valid whenever address strobe
(AS) is active. ' :
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SN74LS73 SN74L573
A 8
VPA DECODE [ADDRESS
DECODE » STROBE) J.0 b N
E —1——CD>CK —COp> CK
= « 0l VMA (TO MCE800
oy LT DEVICES)

CLK

L > VPA (TO MC68008)

Figure 4. External VMA Generation

Table 5. Function Code Outputs

Function Code Output : :
. . Cycle Type

FC2 FC1 . FCo
Low * Low Low (Undefined, Reserved) )
Low . Low High User Data
Low High "Low User Program
Low High . High {Undefined, Reserved)
High Low L‘ow' (Undefined,l Reserved)
High Low High Supervisor Data
High‘ High Low Supervisor Program
High - High High” Interrupt Acknowledge

CLOCK (CLK)

The clock input is a TTL-compatible sngnal that is in-
ternally buffered for development of the internal clocks
needed by the processor. The clock input shall be a con-
stnnt frequency. .

Ve AND GND

Power is supplied to the processor using these two
signals. Vo is power and GND is the ground connection.

SIGNAL SUMMARY

Table 6 is a summary of all the s:gnals discussed in
the previous paragraphs.

DATA TRANSFER OPERATIONS

Transfer of data between devices involves the follow-
ing leads:

1) address bus A0 through A21,
2) data bus DO through D7, and
3) control signals.

MOTOROLA
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The address and data buses are separated non-multi--
plexed parallel buses. Data transfer is accomplished with
an asynchrounous bus structure that uses handshaes to
ensure-the corect movement of data. In all cycles, the
bus master assumes responsibility for deskewing all sig-
nals it issues at both the start and end of a cycle. In
addition, the bus master is responsible for deskewing the
acknowledge and data signals from the slave device.

The following paragraphs explain the read, write, and
read-modify-write cycles. The indivisible read-modify-
write cycle is the method used by the MC68008 for in-
terlocked multiprocessor communications.

READ CYCLE

During a read cycle, the processor receives data from
the memory or a pripheral device. The processor reads
bytes of data in all cases. If the instruction specifies a
word (or double word) operation, the processor reads
both bytes. When the instruction specifies byte operation,
the processor uses A0 to determine which byte to read
and then issues data strobe.

WRITE CYCLE

During a write cycle, the processor sends data to either
the memory or a peripheral device. The processor writes
bytes of data in all cases. If the instruction specifies a
word operation, the processor writes both bytes. When
the instruction specifies a byte operation, the processor
uses A0 to detrmine which byte to write and then issues
the data strobe.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle performs a byte read,
modifies the data in the arithmetic-logic unit, and writes
the data back to the same address. In the MC68008, this
cycle is indivisible in that the address strobe is asserted
throughout the entire cycle. The test and set (TAS) in-
struction uses the cycle to provide meaningful commu-
nication between processors in a multiple processor
environment. This instruction is the only instruction that
uses the read-modify-write cycle and since the test and
set instruction only operates on bytes, all read-modify-
write cycles are byte operations. [
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Table 6. Signal Summary

Signal Name Mnemonic Input/Output Active State on HALT H..zon BOACK

Address Bus A0-A19 (A21) Output High Yes Yes
Data Bus DO-D7 Input/Output High Yes Yes
Address Strobe AS Output Low No Yes
Read/Write RW Output Read - High No Yes

Write - Low No Yes
Data Strobe DS Output Low No Yes
Data Transfer Acknowledge DTACK Input Low No No
Bus Request BR Input - Low No No
Bus Grant BG Output Low No No
Bus Grant Acknowledge**. BGACK Input Low No No
Interrupt Priority Level TPLx Input Low No No
Bus Error BERR Input Low No No
Reset RESET {nput/Output Low No* No*
Halt HALT Input/Qutput Low No* No*
Enable E Qutput High . No No
Valid Peripheral Address VPA Input Low No No
Function Code Output FCO, FC1, FC2 Qutput High No Yes
Clock CLK Input High No No
Power Input Vee Input — — —
Ground GND Input - — —

*Open Drain
**52-Pin Version Only

PROCESSING STATES

The MC68008 is always in one of three processing
states: normal, exception, or halted.

NORMAL PROCESSING

The normal processing state is that associated with
instruction execution; the memory references are to fetch

instructions and operands, and to store resuits. A special -

case of the normal state is the stopped state which the
processor enters when a STOP instruction is executed.
In this state, no further memory references are made.

EXCEPTION PROCESSING

The exception processing state is associated with in-
terupts, trap instructions, tracing, and other exceptional
conditions,. The exception may be internally generated
by an instruction or by an unusual condidion arising dur-
ing the execution of an instruction. Externally, exception
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processing can be forced by an interrupt, by a bus error,
or by a reset. Exception processing is designed to provide
an efficient context switch so that the processor may
handle unusual conditions.

HALTED PROCESSING.

The halted processing state is an indication of cata-
strophic hardware failure. For example, if during the ex-
ception processing of a bus error another bus error occurs,
the processor assumes that the system is unusable and
halts. Only an external reset can restart a halted proces-
sor. Note that a processor in the stopped state is not in
the halted state, nor vise versa.

INTERFACE WITH M6800 PERIPHERALS

Motorola’s extensive line of M6800 peripherals are
compatible with the MC68008. Some of these devices
which are particularly useful are:
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MC6821
MC6840
MC6845
MC6850

CRT Controller .

Adapter
MC6852

MAXIMUM RATINGS

Peripheral Interface Adapter
Programmable Timer Module

Asynchronous-Communications Interface

Synchronous Serial Data Adapter

MC6854 Advanced Data Link Controller
To interface the synchronous M6800 peripherals with the
asynchronous MC68008, the processor modifies its bus
cycle to meet the M6800 cycle requirements whenever
an M6800 device address is detected. This is possible
since both processors use memory mapped /0.

ELECTRICAL SPECIFICATIONS

Rating Symbol . Value Unit The device contains circuitry to protect the
inputs against damage due to high static volt-
Supply Voltage Vee -03to0 +7.0 v ages or electric fields; however, normal pre-
cautions should be taken to avoid application
Input Voitage Vin -03to +7.0 v of voltages higher than maximum-rated volt-
Operéting Temperature Range TA TLto TH oC ages to these high-impedance circuits: Tying
MC68008 0to 70 unused inputs to the appropriate logic volt-
MC68008C —40 1o 85 age level {e.g., either GND or Vcc) enhances
reliability of operation.
Storage Temperature Tstg —55 to 150 °C
THERMAL CHARACTERISTICS
Characteristic Symbo! | Value | Symbol | Value | Rating
Thermal Resistance (Still Air) oga | 0c ‘CIW
Ceramic, Type LC 40 15*
Plastic, Type P 40 20*
Plastic, Type FN 50 30*

*Estimated

DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc =5%; GND=0Vdc; Tao=T| to TH; see Figures 5, 6, and 7)

Characteristic Symbol Min Max | Unit
Input High Voltage VIH 2.0 Veel| Vv
Input Low Voltage ViL GND -03| 08 | V
Input Leakage Current (v 5.25 V BERR, BGACK, BR, DTACK, CLK, IPLO/IPL2, VPA| |y — 25 | pA
HALT, RESET — 20
Three-State (Off State) Input Current («« 2.4 V/I0.4 V AS, A0-A18, A20, A21,| ITs| — 20 | uA
] D0-D7, FCO-FC2, DS, RW, VMA
Output High Voltage {lgH= —400 pA) ) . . _E*Y VoH Vee-075 | — \
{loH= —400 pA) E, AS, A0-A19, A20, A21, BG, D0-D7, FCO-FC2, DS, RIW, VMA 24 |24
Output Low Voltage ' VoL . %
{loL=1.6 mA) HALT — 0.5
(loL=3.2 mA) A0-A19, A20, A21, FCO-FC2 — 05
(loL =5.0 mA) _ . _RESET - 0.5
{loL=53 mA) ‘ E, AS, D0-D7, DS, RW, VMA — 05
Power Dissipation (see POWER CONSIDERATIONS) Pp*** — — | W
Capacitance {Vin =0V, To=25°C, Frequency = 1 MHz)** Cin — 20.0 | pF
Load Capacitance HALT CL — 70 | pF
All Others — 130

*With external pullup resistor of 1.1 €.

**Capacitance is periodically sampled rathef than 100% tested.
***During normal operation instantaneous V¢ current requirements may be as high as 1.5 A.

—
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POWER CONSIDERATIONS

The average die-junction temperature, T, in °C can be
obtained from: .

Ty=Ta+{Pp-bga) (1)
where:

Tp = Ambient Temperature, °C

0y = Package Thermal Resistance, Junction-to-
Ambient, °C/W
Pp =PinT+Pio ,
PINT =lccX Ve, Watts — Chip Internal Power
Pyo = Power Dissipation on Input and Output Pins
— User Determined
For most applications Pj;o<P;yT and can be neglected.

An apropriate relationship between Ppand Ty (if P;o

is neglected) is:
Pp=K=+(Ty+273 °C) " (2)
Solving equations (1) and (2) for K gives:
K=Pp*(Tp+273°C)+0JA-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 T . Using this value
of K, the values of Pp and T can be obtained by solving
equations (1) and (2) iteratively for any value of Tx.

The curve shown in Figure 5 gives the graphic solution
to the above equations for the specified power dissipa-
tion of 1.5 watts over the ambient temperature range of
—55 °C to 125 °C using a maximum 0Ja of 45 °C/W. Am-
bient temperature is that of the still air surrounding the
device. Lower values of 8ja cause the curve to shift
downward slightly; for instance, for 6 of 40 /W, the
curve is just below 1.4 watts at 25 °C.

The total thermal resistance of a package (8 a) can be
separated into two components, 6Jc and 9ca. repre-
senting the barrier to heat flow from the semiconductor
junction to the package (case) surface (6 c) and from the

ViC68008

case to the outside ambient air (0ca). These terms are
related by the equation:

0JA=0JC+UCA (4)
6Jc is device related and cannot be influenced by the
user. However, 8CA is user dependent and can be min-
imized by such thermal management techniques as heat
sinks, ambient air cooling, and thermal convection. Thus,
good thermal management on the part of the user can
significantly reduce 0CA so that i Ja approximately equals
6JC. Substitution of y¢ for 8JA in equation 1 results in
a lower semiconductor junction temperature.

Table 7 summarizes maximum power dissipation and
average junction temperature for the curve drawn in Fig-
ure 5, using the minimum and maximum values of am-
bient temperature for different packages and substituting
4yc for bga {assuming good thermal management). Ta-
ble 8 provides the maximum power dissipation and av-
erage junction temperature for the MC68000 assuming
that no thermal management is applied (i.e., still air).

NOTE

Since the power dissipation curve shown in Figure
5 is negatively sloped, power dissipation declines
as ambient temperature increases. Therefore, max-
imum power dissipation occurs at the lowest rated
ambient temperature where power dissipation is
lowest.

Values for thermal resistance presented in this manual,
unless estimated, were derived using the procedure de-
scribed in Motorola Reliability Report 7843, Thermal Re-
sistance Measurement Method for MC68XXX
Microcomponent Devices, and are provided for design
purposes only. Thermal measurements are complex and
dependent on procedure and setup. User-derived values
for thermal resistance may differ.

22

20

POWER (Pp) — WATTS

16 ‘ \\

T~

25 0 8 110 125

AMBIENT TEMPERATURE (Ta) — °C

Figure 5. MC68008 Power Dissipation (Pp)
vs Ambient Temperature(Ta)
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Table 7. MC68008 Power Dissipation and Junction Temperature
vs Temperature {(6Jc=0JA)

' : o Pp (W) Ty (°C) Pp (W} Ty (°C)
Package Ta Range 6yc 'CW) @ TAMin. | @ Ta Min. | @ Ta Max. | @ Tp Max.

‘LC’ 0°C to 70°C 15 1.5 23 1.2 88

© —40°C to 85°C 15 1.7 -14 1.2 103

0°C to 85°C 15 1.5 23 1.2 103

P 0°C to 70°C - 20 1.5 30 1.2 95

FN 0°C to 70°C 30 . 1.5 45 1.3 108

Table 8 M068008 Power Dissipation and Junction Temperature
vs Temperature (6Jc£0JA)
. . o Pp (W) Ty (°C) Pp (W} Ty (°C)
Package Ta Range 8JA FCW) | ' Tp Min. | @ Ta Min. | @ TA Max. | @ Ta Max.

LC 0°C to 70°C 40 - 1.5 60 1.2 121

—-40°C to 85°C 40 1.7 -27 1.2 134

0°C to 85°C 40 1.5 60 1.2 134

P 0°C to 70°C - 40 1.5 60 1.2 21

FN " 0°C to 70°C ' 50 1.5 75 13 134

AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (see Figure 6)

‘ ‘ . 8 MHz* 10 MHz*

Num. Characteristic Symboal - Unit
: Min Max: | Min Max .
Frequency of Operation f 2.0 8.0 20 10.0 MHz

1 Clock Period ) teye 125 500 | 100 500 ns
2,3 | Clock Pulse Width tcLtcH | 55 | 250 | 45 | 250 ns
4,5 | Clock Rise and Fall Times tCr. tcf — 10 — 10 ns

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68008 and
are valid only for product bearing date codes of 8827 and later, .
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Figure 6. MC68008 Clock Input Timing Diagl;am.
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AC ELECTRICAL SPECIFICATION DEFINITIONS

The AC specifications presented consist of output de-
lays, 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 13-3. In order to test
the parameters guaranteed by Motorola, inputs must be
driven to the voltage levels specified in this figure. Out-

MC68008

puts are specified with minimum and/or maximum limits,
as appropriate, and are measured as shown in Figure 13-
3. Inputs are specified with minimum setup and hold
times, and are measured as shown. Finally, the meas-
urement for signal-to-signal specifications are also shown.

Note that the testing levels used to verify conformance
to the AC specifications does not affect the guaranteed
DC operation of the device as specified in the DC electrical
characteristics.

DRIVE
7024V l
CLK T F\zo v
/. 08V |- 08V
DRIVE _T e— A ~—>]

005V > 8 <

OUTPUTS(1) CLK vaLD

20V )
OUTPUT n 08V

20V vALD
0.8V OUTPUT n+1

f— A ——]

—1 B [&—

—

OUTPUTS(2) CLK VALD 20V 20V VALID
OUTPUTn 08V {08V OUTPUTn - |

C —»>t€— D —>
DRIVE >
INPUTS(3) CLK T0 24V 20V yaup 20V E@
} NPUT 0.
DRIVE 08V | 08V
T0 05V
C = 1e— D—>

5TV T < DRIVE

oY VALD 1024V
INPUTI4) CLK EQ
8V INP

08 : UT 08V 5 DRIVE

1005V
v
ALL SIGNALS(5) 20V
- 08V

NOTES:

le— F —>]

[ £

20V
08V

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:

. Maximum output delay specification.

. Minimum output hold time.

. Minimum input setup time specification.
. Minimum input hold time specification.

mTMoOO®>

. Signal valid to signal valid specification (maximum or minimum).
. Signal valid to signal invalid specification {(maximum or minimum}.

Figure 7. Drive Levels and Test Points for AC Specifications
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Ve =5.0 Vdc+5%; GND=0 Vdc;
Ta=TL to TH; see Figures 8 and 9) '

' 8 MHz* 10 MHz*
Num. | - Characteristic Symbol " - Unit
. Min | Max | Min | Max
6 |Clock Low to Address Valid ' {ICLAV - 62 | — 50 ns
6A |Clock High to FC Valid ! tcHFCV | — 62 — 50 ns
7 Clock High to Address, Data Bus High Impedance (Maximum) tCHADZ | — 80 — 70 ns
8 |Clock High to Address, FC Invalid (Minimum) tCHAFI 0| — 0| — ns
97 [Clock High to AS, DS Asserted tCHSL 3| 60 3| 50| ns
112 |Address Valid to AS, DS Asserted {Read)/AS Asserted (Write) tAVSL 30 | — 20 | — ns
11A2 [FC Valid to AS, DS Asserted (Read)/AS Asserted (Write) trcvsL | 90 | — 70| — ns
121 |Clock Low to AS, DS Negated tcLsH | — 62 | — 50 | ns
132 |AS, DS Negated to Address, FC Invalid tSHAFI 40 | — 30 | — ns
142 |AS (and DS Read) Width Asserted tsL [270 | — [ 195 | — | ns
14A2 |DS Width Asserted (Write) tpsL | 140 | — 95 | — ns
152 |AS, DS Width Negated o tgH 150 | — | 106 | — ns
16  [Clock High to Control Bus High Impedance tcHez | — 80 | — | 70| ns
172 |AS, DS Negated to RAW Invalid . tsSHRH | 40| — | 30| — | ns
181 |Clock High to RAW High (Read) tCHRH 0 55 0 45 ns
20" [Clock High to RW Low (Write) ‘ tCHRL 0| 55 0| 45| ns
20AZ 6|AS Asserted to R/W Valid (Write) : tASRV | — 10| — 10| ns
212 |Address Valid to R/W Low (Write) tAVRL | 20 | — 0| — ns
21A2 |FC Valid to RW Low {Write) . tFCVRL | 60 | — 50 | — ns
222 |RWLow to DS Asserted (Write) talsL | 80 — | 50| — ns
23 [Clock Low to Data-Out Valid (Write) tcpo | — 62 | — 50 ns
252 |AS, DS Negated to Data-Out Invalid (Write) tsypol | 50 | — 30 | — ns
262 |Data-Out Valid to DS Asserted (Write) : tposL | 40 | — 30 | — ns
275 |Data-In Valid to Clock Low (Setup Time of Read) tDICL 10| — 0| — ns
282 |AS, DS Negated to DTACK Negated (Asynchronous Hold) tSHDAH 0| 245 0|19 | ns
29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tSHODII 0] — 0} — ns
29A |AS, DS Negated to Data In High Impedance tsyupz | — | 187 | — | 180 | ns
30 |AS, DS Negated to BERR Negated . tSHBEH 0| — 0| — | ns
312.5 |DTACK Asserted to Data In Valid (Setup Time) tDALDI | — 9 | — 65 | ns
32 |HALT and RESET Input Transition Time tRHr,f 0 | 200 0 | 200 ns
33 |Clock High to BG Asserted tCHGL — 62 — 50 ns
34 [Clock High to BG Negated tCHGH | — 62 | — 50 | ns
35 |BR Asserted to BG Asserted tgRLGL ] 15 | 35 | 1.5 | 35 | Clks
367 |BR Negated to BG Negated tBRHGH | 1.5 | 356 1.5 | 35 | Clks
37 |BGACK Asserted to BG Negated (52-Pin Version Only) tGALGH | 1.5 | 35 15 | 35 | Clks
37A8 |BGACK Asserted to BR Negated (52-Pin Version Only) tGALBRH| 20 | 1.5 20| 15 ns
. Clks Clks
38 |BG_Asserted to Control, Address, Data Bus High Impedance’ tGLZ - 80 | — 70 | ns
(AS Negated)
39 |BG Width Negated ) 1GH 15| — | 15 | — | Cks
41 |Clock Low to E Transition tCLET — 50 — 45 ns
42  |E Qutput Rise and Fall Time tEr f — 15 — 15 ns
44 |AS, DS Negated to VPA Negated tSHVPH 0| 120 0| 9 | ns
45 1E Low to Control, Address Bus Invalid {Address Hold Time) tELCAI 30 - 10 —_ ns

L]
MOTOROLA M68000 FAMILY
3-50 REFERENCE



MC68008

AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Continued)

8 MHz* 10 MHz*
Num. Characteristic Symbol - - Unit
Min | Max | Min | Max

46 (BGACK Width Low (52-Pin Version Only) tgaL | 15 | — | 16 | — | Clks
475 |Asynchronous Input Setup Time tASI 0| — 0| — ns

482- 3 |DTACK Asserted to BERR Asserted tgepaL] 20| — | 20| — | ns
49% |AS, DS, Negated to E Low tGHEL | -70| 70 | -55| 55| ns
50 |E Width High tEH 450 — 350 — ns
51 |E Width Low tEL 700 | — | 550 | — ns
53 |Data-Out Hold from Clock High tCHDO! 0| — 0| — ns
54 |E Low to Data-Out Invalid tELDOI 30| — 20 | — ns
55 |R/W Asserted to Data Bus Impedance Change tRLDBD | 30 | — 20 | — ns
564 |HALT/RESET Pulse Width tHrpw | 10 | — 10 | — | Clks
57 |BGACK Negated to AS, DS, R/W Driven (52-Pin Version Only) tgasp | 1.5 | — | 15 | — | Clks
57A |BGACK Negated to FC, VMA Driven (52-Pin Version Only) . tGAED 1] — 1] — | Cks
587 |BR Negated to AS, DS, RIW Driven tRHSD | 1.5 | — | 1.5 | — | Clks
58A7 (BR Negated to FC, VMA Driven tRHFD 1 — 1| — | Clks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68008 and
are valid only for product bearing date codes of 8827 and later.

NOTES: : :
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns. .
2. Actual value depends on clock period. )
3. If #47 is satisfied for both DTACK and BERR, #48 may be ignored. In the absence of DTACK, BERR is an asynchronous input
using the asynchronous input setup time (#47).
4. For power-up, the MC68000 must be held in the RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After
the system is powered up, #56 refers to the minimum pulse width required to reset the processor.
. 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.
. When AS and RW are equally loaded (= 20%), subtract 5 nanoseconds from the values given in these columns.
. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK.
. The minimum value must be met to guarantee power operation. If the maximum value is exceeded, BG may be reasserted.
. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.
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MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications. They are
not intended as a functional description of the input and output signals. Refer to other functional descriptions and their
related diagrams for device operation. '
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1. Setup time for the asynchronous inputs IPLO/IPL2, IPL1, and VPA (#47) guarantees their recognition at the next falling edge of
the clock.
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle.

3. Timing measurements are referenced to and from a low-voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise
noted.

Figure 8. MC68008 Read-Cycle Timing Diagram
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MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications. They are
not intended as a functional description of the input and output signals. Refer to other functional descriptions and their
related diagrams for device operation.
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Figure 9. MC68008 Write-Cycle Timing Diagram
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MC68008

AC ELECTRICAL SPECIFICATIONS — MC68008 TO M6800 PERIPHERAL CYCLES (Ve =5.0 Vdc£5%; GND =0 Vdc;
Ta=TL to TH; see Figures 10 and 11)

. ' 8 MHz* 10 MHz*
Num. ' Characteristic Symbol - - Unit

o . . Min | Max | Min | Max

121 |Clock Low to AS, DS Negated = . . tcLsH | — 62 | — 50 ns
18" |Clock High to RW High {Read) ‘ " . | tCHRH 0| 55 0| 45 ns
201 |Clock High to RW Low (Write) tCHRL 0 55 0} 45 ns
23 [Clock Low to Data-Out Valid (Write) tcLbo | — 62| — | 50 ns
'27 |Data-In Valid to Clock Low (Setup Time of Read) . tpICL 10| — 10| — ns
29 |AS, DS Negated to Data-In Invalid (Hold Time on Read) tSHDII 0 - 0 - ns
41 |Clock Low to E Transition tCLET — 55 — 45 ns
42 |E Output Rise and Fall Time ) tEr f — 15 | — 15 ns
44  |AS, DS Negated to VPA Negated i tSHVPH 0| 120 0| 9 | ns
45  |E Low to Control, Address Bus Invalid (Address Hold Time) tELCAI 0 — [ 10] — ns
47  |Asynchronous Input Setup Time . tAS| 0 | — 0] — ns
492 |AS, DS, Negated to E Low tSHEL | 70| 70 | -55| 55 ns
50 |E Width High ' tEH 450 | — | 350 | — ns
51 |E Width Low tEL 700 | — | 550 | — ns
54 |E Low to Data-Out Invalid tELDOI 30 — 20 — ns

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68008 and
are valid only for product bearing date codes of 8827 and later.

NOTES: .
1. For a loading capacitance of less or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns. o
2. The falling edge of S6 triggers both the negation of the strobes {AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.
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MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications. They are
not intended as a functional description of the input and output signals. Refer to other functional descriptions and their
related diagrams for device operation.
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best
case possibly attainable.

Figure 10. MC68008 to M6800 Peripheral Timing Diagram (Best Case)
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These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications. They are
not intended as a functional description of the input and output signals. Refer to other functlonal descriptions and their
related diagrams for device operation.
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable

Figure 11. MC68008 to M6800 Peripheral Timing Diagram (Worst Case)
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AC-ELECTRICAL SPECIFICATIONS — BUS ARBITRATION {Vce=5.0 Vdc £5%; GND=0 Vdc; TA=T| to TH,

see Figures 12, 13, and 14)

MC68008

8 MHz* 10 MHz*
Num Characteristic Symbol " - Unit
Min | Max [ Min | Max

7  |Clock High to Address, Data Bus High Impedance (Maximum) tCHADZ | — 80 — 70 ns

16  |Clock High to Control Bus High Impedance tCHCZ — 80 — 70 ns
33 |Clock High to BG Asserted tCHGL | — | 62 | — | 50 | ns
34 [Clock High to BG Negated tcHGH | — | 62.| — | 50 | ns
35 |BR Asserted to BG Asserted tBRLGL | 1.5 | 35 | 1.5 | 35 | Clks
36" |BR Negated to BG Negated tBRHGH | 15 | 35 | 1.5 | 3.5 | Clks

37 ' |BGACK Asserted to BG Negated _ JtGALGH| 15| 35 | 15 | 35 | Clks
37A2 |BGACK Asserted to BR Negated tgaLBRH| 20 | 15 20 | 15 | ns |

: Clks Clks
38 E_A_ssened to Control, Address, Data Bus High Impedance tgLZ — 80 — 70 ns
(AS Negated)

39 [BG Width Negated tGH 5| — | 15| — | Cks
46 [BGACK Width Low tGAL | 15| — | 15| — | Clks

47 |Asynchronous Input Setup Time tAS) 10 — 10 — ns

57 |BGACK Negated to AS, DS, RW Driven tgasp | 15 | — | 15 | — | Clks
57A |BGACK Negated to FC, VMA Driven tGAFD 1| — 1| — | Cks
581 |BR Negated to AS, DS, RAW Driven tRHSD 15 — |15 —_ Clks
58A' |BR Negated to FC, VMA Driven tRHFD 1| - 1| — | Clks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68008 and
are valid only for product bearing date codes of 8827 and later.

NOTES:

1. The processor will negate BG and begin driving the bus again if external arbitration logic negates ﬁggfore asserting BGACK.
2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted.

L ________________________________________________________________________________|
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REFERENCE

MOTOROLA

3-57



MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional
descriptions and their related diagrams for device operation.
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1. 62-Pin Version of MC68008 Only

Figure 12. MC68008 Bus Arbitration Timing — Idle Bus Case
{52-pin Version Only)
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MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing 'specifications. They are
not intended as a functional description of the input and output signals. Refer to other functional descriptions and their
related diagrams for device operation.
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Figure 13. MC68008 Bus Arbitration Timing — Active Bus Case -
(52-pin Version Only)
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MC68008

These waveforms should only be referenced to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output sngnals Refer to other functional
descriptions and their related diagrams for device operation.
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PIN ASSIGNMENTS

48-PIN DUAL-IN-LINE 52-LEAD QUAD PACK -
(Top View) (Top View)
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TECHNICAL DATA MC68010

Technical Summary

16-/32-Bit Virtual Memory
Microprocessor

This document contains both a summary of the MC68010 as well as a detailed set of parametrics.
The purpose is twofold — to provide an introduction to the MC68010 and support for the sophisti-
cated user. For detailed information on the MC68010, refer to the MC68010/MC68012 16-/32-Bit Vir-
tual Memory Microprocessor Advance Information Data Sheet. .

The MC68010 is a member of the M68000 Family -of advanced microprocessors. Utilizing VLSI
technology, the MC68010 is a fully-implemented 16-bit microprocessor with 32-bit registers, a rich
basic instruction set, and versatile addressing modes.

The resources available to the MC68010 user consist of the following:

® 17 32-Bit Data and Address Registers

® 16 Megabyte Direct Addressing Range
® Virtual Memory/Machine Support

® 57 Powerful Instruction Types

® High-Performance Looping Instructions
® QOperations on Five Main Data Types

® Memory Mapped I/0

® 14 Addressing Modes

31 16 15 87 0

Do

D1

D2

D3 Data
D4  Registers
D5

D6 -

D7

P —
11

| A0
| Al
| A2
— A3 Address
- | — Registers
| A4
| Ab
|

A6

| T A7 User Stack
1 (USP) Pointer
0

[ l PC Program
Counter
7 0

:CCR Con_dnion Code
Register

Figure 1. User Programming Model

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

The MC68010 is fully user object code compatible with
the earlier members of the M68000 Family and has added
features of virtual memory support and enhanced in-
struction execution timing. The MC68010 is pin-for-pin
compatible with the MC68000

The MC68010 possesses an asynchronous bus struc-
ture with a 24-bit address bus and a 16-bit data bus.

As shown in the user programming model (Figures 1
and 2), the MC68010 offers 17 32-bit general purpose
registers, a 32-bit program counter, a 16-bit status reg-
ister, a 32-bit vector base register, and two 3-bit alternate
function code registers. The first eight registers (D0-D7)
are used as data registers for byte (8-bit), word (16-bit),
and long word (32-bit) operations. The second set of seven
registers (A0-A6) and the stack pointers (SSP and USP)
may be used as software stack pointers and base address
registers. In addition, the address registers may be used
for word and long word operations. All of the 17 registers
may be used as index registers.

Supervisor Stack
Pointer
31 - 1615 0
{ T AT’
] {SSP)

Status Register
15 87 0

Vector Base Register
31 0

|ver

Alternate Function

Code Registers
2 0

SFC
DFC
Figure 2. Supervisor Programming Model Supplement

The status register (Figure 3) contains the interrupt mask
(eight levels available) as well as the condition codes:
extend (X}, negative (N), zero (Z), overflow (V), and carry
(C). Additional status bits indicate that the processor is
in a trace (T) mode and in a supervisor {S) or user state.

The vector base register is used to determine the lo-

cation of the exception vector table in memory to support -

multiple vector tables. The alternate function code reg-
isters allow the supervisor to access user data space or
emulate CPU space cycles.

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types
are:
Bits ‘
BCD Digits (4-Bits)
Bytes (8 Bits)
Words (16 Bits) -
Long Words (32 Bits)
In addition, operations on other data types such as mem-
ory addresses, status word data, etc. are provided in the -
instruction set.

M68000 FAMILY
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User Byte
System Byte {Condition Code Register)
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s 13 08 4 o
HN 2] o NN\ ¥ [n]z]v] <]

Trace Mode
Supervisor
State Interrupt
Mask Overflow|

\——

Figure 3. Status Register

Most instructions can use any of the 14 addressing
modes which are listed in Table 1. These addressing
modes consist of six basic types.

® Register Direct
Register Indirect
Absolute
Program Counter Relative
Immediate
Implied
Included in the register indirect addressing modes is a
capability to do postincrementing, predecrementing, off-
setting, and indexing. The program counter relative mode
can also be modified via indexing and offsetting.

INSTRUCTION SET OVERVIEW

The MC68010 instruction set is shown in Table 2. Some
additional instructions are variations, or sub-sets, of these
and they appear in Table 3. Special emphasis has been
given to the instruction set’s support of structured high-
level languages to facilate ease of programming. Each
instruction, with few exceptions, operates on bytes, words,
and long words and most instructions can use any of the
14 addressing -modes. By combining instruction types,
data types, and addressing modes, over 1000 useful in-
structions are provided. These instructions include signed
and unsigned multiply and divide, ““quick’” arithmetic op-
erations, BCD arithmetic, and expanded operations
(through traps). Also, 33 instructions may be used in the
loop mode with certain addressing modes and the DBcc
instruction to provide 230 high performance string, block
manipulation, and extended arithmetic operations.

VIRTUAL MEMORY/MACHINE CONCEPTS

In most systems using the MC68010 as the central pro-
cessor, only a fraction of the 16-megabyte addressing
space will actually contain physical memory. However,
by using virtual memory techniques the system can be
made to appear to the user to have 16 megabytes of
physical memory available to him/her. These techniques
have been used for several years in large mainframe

MOTOROLA
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Table 1. Addressing Modes . Table 2. Instruction Set Summary {Continued)
Addressing Modes Syntax Mnemonic Description
Register Direct Addressing JMP Jump
Data Register Direct Dn JSR Jump to Subroutine
Address Register Direct An LEA Lead Effective Address
Absolute Data Addressing LINK Link Stack
Absolute Short N xxx.W LSL* " | Logical Shift Left
Absolute Long xxx.L LSR* - Logical Shift nght
Program Counter Relative Addressmg MOVE* Move
Relative with Offset d1(PC) MULS Signed Mu!tlply
Relative with Index Offset dg(PC,Xn) MULU Unsigned Mulnply
Register Indirect Addressmg NBCD* -| Negate Decimal with Extend
Register Indirect (An) NEG* Negate
Postincrement Register Indirect (An)+ NOP No Operation
Predecrement Register Indirect —{An) NOT* One's Complement
Register Indirect with Offset d1g({An) ) R
Indexed Register Indirect with Offset d;?An,Xn) OR~ Logical OR .
Immediate Data Addressing PEA Push Effective Address
Immediate #XXX RESET Reset External Devices
Quick Immediate #1r#8 ROL* Rotate Left without Extend
implied Addressin ROR* Rotate Right without Extend
i 4 Rocimor SRIUSPISPIPC ROXL* Rotate Left with Extend
mplied Register RIUSP/SPA ROXR* | Rotate Right with Extend
NOTES: i RTD Return and Deallocate
Dn = Data Register ) RTE Return from Exception
An - Address Register ) ) RTR Return and Restore
Xn Address of Data Register used as Index Rcgister RTS Return from Subroutine
’S,(F; g:z;lrsageg:l:irter ) SBCD* Subtract Decimal with Extend
SP - Stack Pointer Scc Set Conditional
USP = User Stack Pointer SL%F: ’ gtjotﬂract
() = Effective Address SWAP ‘ Swap Data Register Halves
dg = 8-Bit Offset (Displacement)
dig = 16-Bit Offset (Displacement) TAS Test and Set Operand
#xxx = Immediate Data . ) TRAP Trap
TRAPV Trap on Overflow
) . TST* Test
Table 2. Instruction Set Summary: - UNLK Unlink
Mnemonic ] Description *Loopable Instructions
ABCD* ) Add Decimal With Extend
‘ADD* Add
AND* Logical AND
ASL* . Arithmetic Shift Left
ASR* . - | Arithmetic Shift Right
SET-JG g;f.’;::t(;?‘r;dgg:gg . computers and more recently in minicomputers and now,
BCLR " . Bit Test and Clear : ) with the MC68010, can be fully supported in micropro-
BRA . | Branch Always : : cessor-based systems.
BSET Bit Test and Set In a virtual memory system, a user program can be
BSR Branch to Subroutine written as though it has a large amount of memory avail-
BTST Bit Test able to it when only a small amount of memory is phys-
CHK Check Register Against Bounds ically present in the system. In a similar fashion, a system
CLR*- .. " |Clear Operand °. v can be designed in such a manner as to allow user pro-
CMP* Compare grams to access other types of devices that are not phys-
- ically present in the system such as tape drives, disk
g:!\i/csc ) ;es:lfdogf"}lz):‘ Decrement and Branch drives, printers, or CRTs. With proper software emula-
DIVU . | Unsigned Divide . . . tion, a physical system can be made to appear to a user
" - — program as any other computer system and the program
EOR* " Exclusive OR = may be given full access to all of the resources of that
EXG Exchange Registers emulated system. Such an emulated systen is called a
EXT Signe Extend . ; . bl b
- virtual machine.

|
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Table 3. Variations of Instruction Types

MC68010

Loop mode takes advantage of the fact that the MC68010
can contain three elements of the instruction stream in-

Instruction . ternally. When these elements are 1) a loopable instruc-
Type Variation Description tion, 2) the DBcc instruction, and 3) a branch displacement
ADD ADD* Add to the loopable instruction the MC68010 will enter the
ADDA* Add Address "“loop mode” where no instruction accesses are made;
ADDQ Add Quick only data accesses will be performed. This allows ex-
ADDI Add Immediate tremely fast data transfers as well as providing the bus
ADDX* Add with Extend access made by the MC68010.
AND AND* Logical AND
ANDI AND Immediate
ANDI to CCR | AND Immediate to SIGNAL DESCRIPTION
Condition Codes
ANDI to SR Ar\é?alt:;"?::'?;;:o The input and output signals are illustrated functionally
9 in Figure 4 and are described in the following paragraphs.
CMP CMP* Compare -
CMPA* Compare Address ADDRESS BUS (A1 THROUGH A23)
CMPM* Compare Memory N ) . . )
CMPI Compare Immediate This 2'3-b|t, unidirectional, three-state l?us is capable of
£on EOR* T addressing 8 mggabytgs of data. It provides the address
£ORI Exclusive OR Immediate fcc;::'le):s operatilon during all cycles ?xcept CPU space
EORI to CCR Exclusive OR Immediate to :
Condition Codes
EORIto SR |Exclusive OR Immediate to DATA BUS (D0 THROUGH D15)
Status Register This 16-bit, bidirectional, three-state bus is the general
MOVE MOVE* Move Source to Destination purpose data path. It can transmit and accept data in
MOVEA* Move Address either word or byte length.
MOVEC Move Control Register
I MOVEM Move Multiple Registers ASYNCHRONOUS BUS CONTROL
‘ mgggz mg:: gizg’khe'a' Data Asynchronous data transfers are handled using the fol-
MOVES Move Alternate Address lowing con}rol signals: address strobe, read write, upper
! “Space ’ and Iow_er data strobes: and_data transfgr acknowledge.
| MOVE from SR | Move from Status Register These signals are explained in the following paragraphs.
MOVE to SR Move to Status Register _
| MOVE from CCR | Move from Condition Codes Address Strobe (AS)
‘ ' |[MOVE to CCR | Move to Condition Codes This signal indicates that there is a valid address on
MOVE USP Move User Stack Pointer the address bus.
NEG NEG* Negate
NEGX* Negate with Extend
OR OR* Logical OR
ORI OR Immediate
ORI to CCR OR Immediate to
Condition Codes
ORI to SR OR Immediate to Verl2) : o co
Status Register _YeeT i Address
GND12i E>A1-A23
SuUB suB* Subtract CLK
SUBA* Subtract Address B D0-015
susl Subtract Immediate j
suBQ Subtract Quick AS .
. ; >
SuUBX Subtract with Extend cco 5 LRTQ_/S\/ Asynchronous
*Loopable Instructions Processor S FC1 | o2 o5 Bus
Status- { FC2 3 é DTACK. | - Control
‘ MBBOO (] = BG Bus Arbitration
The MC68010 supports these modes through its in- Peripheral ¢ =—— BGACK Control
. . L A Control \—————=4 IR
struction continuation mechanism. When an address er-
ror or bus error is encountered, the MC68010 will ptace _BERR | .@_
on the supervisor stack its internal state. The apropriate SVSW”‘{.@. o PL1 'g‘e"“pll
exception handler is erased and, upon completion, will Control | _HALT | | [PL2__ f Contio

cause the MC68010 to reload its internal state and resume

execution. Figure 4, Input and Output Signals
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Read/Write (R/W)

This signal defines the data bus transfer as a read or
write cycle. The R/W signal also works in conjunction with
the data strobe as explained in the following paragraph.

Upper and Lower Data Strobe (UDS, LDS)

These signals control the flow of data on the data bus,

as shown in Table 4. When the R/W-line is high, the
processor will read from the data bus as indicated. When
the R/'W line is low, the processor will write to the data
bus as shown. . ’

" Table 4. Data Strobe Control of Data Bus

uDS | LDS | RW D8-D15 D0-D7

High | High — No Valid Data No Valid Data

Low | Low | High | Valid Data Bits Valid Data Bits
.8-15 . 07

High | Low | High No Valid Data Valid Data Bits

0-7
Low | High | High |Valid Data Bits No Valid Data”
- 8-15

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

High | Low | Low [ Valid Data Bits | Valid Data Bits
0-7* 0-7

Valid Data Bits Valid Data Bits
8-15 8-15*

Low | High | Low

*These conditions are a result of current implementation and
may not appear on future devices.

Read/Write (R/W)

This signal defines the data bus transfer as a read or
write cycle. The R/W signal also works in conjunction with
the data strobe as explained in the following paragraph.

Upper and Lower Data Strobe {UDS, LTS)

These signals control the flow of data on the data bus,
as shown in Table 4. When the R/W line is high, the
processor will read from the data bus as indicated. When
the R'W line is low, the processor will write to the data
bus as shown. -

Data Transfer Acknowledge {DTACK)

This input indicates that the data transfer is completed.
When the processor recognizes DTACK during a read
cycle, data is latched and the bus cycle terminated. When
DTACK is recognized during a write cycle, the bus cycle
is terminated.

BUS ARBITRATION CONTROL

The three signals, bus request, bus grant, and bus grant
acknowledge, form a bus arbitration circuit to determine
which device will be the bus master device.

MOTOROLA
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Bus Request (BR)

This input is wire-ORed with all other devices that could
be bus masters. This input indicates to the processor that
some other device desires to become the bus master.

Bus Grant (BG)

This output indicates to all other potential bus master
devices that the processor will release bus control at the
end of the current bus cycle.

Bus Grant Acknoweldge (BGACK)

This input indicates that some other device has become
the bus master. This signal should not be asserted until
the following four conditions are met:

1. a bus grant has been received,

2. address strobe is inactive which indicates that the
microprocessor is not using the bus,

3. data transfer acknowledge is inactive which in-
dicates that neither memory nor peripherals are
using the bus, and

4. bus grant acknowledge is inactive which indicates
that no other device is still claiming bus master-
ship.

INTERRUPT CONTROL (IPLO, IPL1, IPL2)

These input pins indiacte the encoded priority level of
the device requesting an interrupt. Level seven is the
highest priority while level zero indicates that no inter-
rupts are requested. Level seven cannot be masked. The
least significant bit is IPLO and the most significant bit is
IPL2. These lines must remain stable until the processor
signals interrupt acknowledge (FCO-FC2 are all high, A16-
A19 are all high) to insure that the interrupt is recognized.

SYSTEM CONTROL

The system control inputs are used to either reset or
halt the processor and to indicate to the processor that
bus errors have occurred. The three system control sig-
nals are explained in the following paragraphs.

Bus Error (BERR)

This input informs the processor that there is a problem
with the cycle currently being executed. Problems may
be a result of: ‘

1. nonresponding devices, :

2. interrupt vector number acquisition failure,

3. illegal access request as determined by a memory
management unit, or

4. other application dependent errors.

The bus error signal interacts with the halt signal to
determine if the current bus cycle should be re-executed
or if exception processing should be performed.

Reset (RESET)

This bidirectional signal line acts to reset {start a system
initialization sequence) the processor in response to an
external reset signal. Aninternally generated reset (result
of a reset instruction) causes all external devices to be
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reset and the internal state of the processor is not af- .

fected. A total system reset (processor and external de-
vices) is the result of external HALT and RESET signals
applied at the same time.

Halt {HALT)

When this bidirectional line is driven by an external
device, it will cause the processor to stop at the comple-
tion of the current bus cycle. When the processor has
been halted using this input, all control signals are in-
active and all three-state lines are put in their high-imped-
ance state.

When the processor has stopped executing instruc-
tions, such as in a double bus fault condition, the HALT
line is driven by the processor to indicate to external
devices that the processor has stopped.

Mé6800 PERIPHERAL CONTROL

These control signals are used to allow the interfacing
of synchronous M6800 peripheral devices with the asyn-
chronous MC68010. These signals are explained in the
following paragraphs.

Enable (E)

This signal is the standard enable signal common to
all M6800 type peripheral devices. The period for this
output is ten MC68010 clock periods (six clocks low, four
clocks high). Enable is generated by an internal ring
counter which may come up in any state (i.e., at power
on, it is impossible to guarantee phase relationship of E
to CLK). E is a free-running clock and runs regardless of
the state of the bus on the MPU.

Valid Peripheral Address (VPA)

This input indicates that the device addressed is an
M68000 Family device and that data transfer should be
synchronized with the enable (E) signal. This input also
indicates that the processor should use automatic vec-
toring for an interrqpt.

Valid Memory Address (VMA)

This output is used to indicate to M6800 peripheral
devices that there is a valid address on the address bus
and the processor is' synchronized to enable (E). This
signal only responds to a valid peripheral address (VPA)
input which indicates that the peripheral is an M68000
Family device. v ’

PROCESSOR STATUS (FCO, FC1, FC2}

These function code outputs indicate the state (user or
supervisor) and the address space of the bus cycle cur-
rently being executed, as shown in Table 5. The infor-
mation indicated by the function code outputs is valid
whenever address strobe (AS) is active.

CLOCK (CLK)

The clock input is a TTL-compatible signal that is in-
ternally. buffered for development of the internal clocks
needed by the processor. The clock input should not be

M68000 FAMILY
REFERENCE -

MC68010

Table 5. Function Code Assignments

Function Code Output
oz e o Address Space
0 0 0 Undefined, Reserved*
0 0 1 User Data
0 1 0 User Program Space
0 1 1 Undefined, Reserved*
1 0 0 Undefined, Reserved*
1 0 1 Supervisor Data Space
1 1 0 Supervisor Program Space
1 1 1 CPU Space

*Address space 3 is reserved for user definition, while 0 and 4
are reserved for future use by Motorola.

gated off at any time and the clock signal must conform
to minimum and maximum pulse width times.

V¢e and GND

Power is supplied to the processor using these two
signals. Vcc is power and GND is the ground connection.

SIGNAL SUMMARY

Table 6 is a summary of all tne signals discussed in
the previous paragraphs.

DATA TRANSFER OPERATIONS

Transfer of data between devices involves the follow-

ing leads:

1. address bus A1 through A23,

2. data bus DO through D15, and

3. control signals.
The address and data buses are separate parallel buses
used to transfer data using an asynchronous bus struc-
ture. In all cycles, the bus master assumes responsibility
for deskewing all signals it issues at both the start and
end of a cycle. In addition, the bus master is responsible
for deskewing the acknowledge and data signals from
the slave device.

The following paragraphs explain the read, write, and
read-modify-write cycles. The indivisible read-modify-
write cycle is the method used by the MC68010 for in-
terlocked multiprocessor communications.

READ CYCLE

During a read cycle, the processor receives data from
the memory of a peripheral device. The processor reads
bytes of data in all cases. If the instruction specifies a
word (or double word) operation, the processor reads
both upper and lower bytes simultaneously by asserting
both upper and lower data strobes. When the instruction
specifies byte operation, the processor uses an internal
A0 bit to determine which byte to:read and then issues
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Table 6. Signal Summary

Signal Name Mnemonic Input/Output Active State on HALT u ZON BGACK
Address Bus A1-A23 Output High Yes Yes
Data Bus Do-D15 Input/Output High Yes Yes
Address Strobe : AS Output Low No - : Yes
Read/Write RW Output Read—High * 'No Yes
. Write—Low ‘No Yes
Upper and Lower Data Strobes UDS, LDS Output Low No Yes
Data Transfer Acknowledge DTACK Input Low —_ —
3 ‘ Bus Request . BR Input © Low — —
Bus Grant BG Output Low No No
Bus Grant Acknowledge BGACK Input Low - —
Interrupt Priority Level IPLO, IPL1, IPL2 Input Low — —
Bus Error BERR Input Low — —
Reset’ RESET InputOutput | Low No* No*
Halt HALT Input/Output Low No* .No*
Enable E Qutput High No No
Valid Memory Address VMA Output Low No Yes
Valid Peripheral Address VPA Input Low - -
Function Code Output " FCO, FC1, FC2 Output High . No ’ Yes
Clock ‘ CLK Input High — =
Power Input ) Vee Input — ) - —
Ground GND Input-- — — —

*Open Dram

the data strobe required for that byte. For byte operations,
when the A0 bit equals zero, the upper data strobe is
issued. When the A0 bit equals one, the lower data strobe
is issued. When the data is received, the processor cor-
rectly positions it internally. If DTACK, BERR, or VPA is
not asserted for the required setup time before the falling
edge of state 4, a wait cycle will be inserted in the bus
cycle and DTACK will be sampled again on the falling
edge of each wait cycle. The MC68010 will continue to
insert wait cycles until DTACK or VPA is recognized.

WRITE CYCLE

During a write cycle, the processor sends data to either
the memory or a peripheral device. The processor writes
bytes of data in all cases. If the instruction specifies a
word operation, the processor writes both bytes. When
the instruction specifies a byte operation, the processor
uses an internal A0 bit to determine which byte to write
and then issues the data strobe required for that byte.
For byte operations, when the A0 bit equals zero, the
upper data strobe is issued. When the A0 bit equals one,
the Iower data strobe i is issued.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle performs a read, modifies
the data‘in the arithmetic-logic unit, and writes the data

MOTOROLA
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back to the same address. in the MC68010, this cycle is
indivisible in that the address strobe is asserted through-
out the entire cycle. The test and set (TAS) instruction
uses this cycle to provide meaningful communication be-
tween processors in a multiple processor environment.
This instruction is the only instruction that uses the read-
modify-write cycles and since the test and set instruction
only operates on bytes, all read-modify-write cycles are
byte operations.

CPU SPACE CYCLE

During a CPU space cycle, the MC68010 reads a pe-
ripheral device vector number or indicates a breakpoint
instruction. If the cycle is to read a vector number it is
referred to as an interrupt acknowledge cycle. A CPU
space cycle is indicated when the function codes are all
high. The address bus then defines what type of CPU
space cycle is being executed. The MC68010 defines two
types of CPU space cycles, the |nterrupt acknowledge
cycle, and the breakpoint cycle.

The interrupt acknowledge cycle on an M68000 Family
compatible processor is defined as a CPU space cycle
with the most significant address lines high, on the
MC68010 this means that A4-A23 will be high. The leve!
of the interrupt being acknowledged is encoded on ad-
dress lines A1-A3. An interrupt acknowledge cycle is ter-
minated in the same manner asa normal read cycle. The
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processor expects a peripheral device to respond to an
interrupt acnkowledge cycle with a vector number that
will be used to transfer control to an interrupt handler
routine.

The breakpoint read cycle is executed by the MC68010
in response to a breakpoint illegal instruction. A break-
point cycle on the MC68010 is defined as a CPU space
cycle with all of the address lines low. The processor does
not accept or send any data during this cycle. The break-
point cycle may be terminated by DTACK, BERR, or VPA.

'PROCESSING STATES

The MC68010 is always in one of three processing
states: normal, exception, or halted.

NORMAL PROCESSING

The normal processing state is that associated with
instruction execution; the memory references are to fetch
instructions and operands, and to store results. A special
case of the normal state is the stopped state which the
processor enters when a stop instruction is executed. In
this state, no further references are made.

EXCEPTION PROCESSING

The exception processing state is associated with in-
terrupts, trap instructions, tracing, and other exception
conditions. The exception may be internally generated
by an instruction or by an unusual condition arising dur-
ing the execution of an instruction. Externally, exception

:MC68010

processing can be forced by an interrupt, by a bus error,
or by a reset. Exception processing is designed to provide
an efficient context switch so that the processor may
handle unusual conditions.

HALTED PROCESSING

The halted processing state is an indication of cata-
strophic hardware failure. For example, if during the ex-
ception processing of a bus error another bus error occurs,
the processor assumes that the system is unusable and
halts. Only an external reset can restart a halted proces-
sor. Note that a processor in the stopped state is not in
the halted state, nor vice versa.

INTERFACE WITH M6800 PERIPHERALS

Motorola’s extensive line of M6800 peripherals are di-
rectly compatible with the MC68010. Some of these de-
vices that are particularly useful are:

MC6821 Peripheral Interface Adapter

MC6840 Programmable Timer Module

MC6843 Floppy Disk Controlier

MC6845 CRT Controller

MC6850 Asynchronous Communications Interface

Adapter

MC6854 Advanced Data Link Controlier
To interface the synchronous M6800 peripherals with the
asynchronous MC68010, the processor modifies its bus
cycle to meet the M6800 cycle requirements whenever
an M6800 device address is detected. This is possible
since both the processors use memory mapped | O.

ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

Rating Symbol Value Unit The device contains circuitry to protect the
- inputs against damage due to high static volt-
Supply Voltage Vee -03to +7.0 \ ages or electric fields; however, normal pre-
cautions should be taken to avoid application
Input Voltage Vin ~03t0+7.0 | V of voltages higher than maximum-rated volt-
Operating Temperature Range Ta TLto TH c ages to these high-impedance circuits. Tying
MC68010 0to 70 unused inputs to the appropriate logic volt-
MC68010C _40to 85 age level (e.g., either GND or V) enhances
reliability of operation.
Storage Temperature . Tstq -55to 150 C
THERMAL CHARACTERISTICS )
Characteristic Symbol | Value | Symbol | Value | Rating )
Thermal Resistance (Still Air) LAY e SCW
Ceramic, Type ULC 30 15*
Ceramic, Type R/RC 33 15
Plastic, Type P 30 15%
Plastic, Type FN 45 25%

*Estimated
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POWER CONSIDERATIONS

The average die-junction temperature, T, in °C can be
obtained from:
TJ=Ta+(Ppigal _ (1)
Where: '
TA =Ambient Temperature 'C
A =Package Thermal Resistance,
Junction-to-Ambient, "C/W
PD=PINT + PO
PINT =IcCc + Ve, Watts — Chip Internal Power
P).0 = Power Dissipation on Input and Output
Pins — User Determined

For most applications P|;0-:P|NT and can be neglected.

An appropriate relationship between Pp and TJ (if
P10 is neglected) is:

Pp- K- (Ty+273C) ' (2)
Solving equations 1 and 2 for K gives:
K- Ppe(TA +273°C)+ 0 aPD2 R )]

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 values of Pp and TJ can be obtained by solving
equations (1) and (2) iteratively for any value of Ta.

The curve shown in Figure 5 gives the graphic solution
to the above equations for the specified power dissipa-
tion of 1.5 watts over the ambient temperature range of

55 C to 125°C using a maximum tiga of 45°C/W. Am-
bient temperature is that of the still air surrounding the
device. Lower values of tja causes the curve to shift
downward slightly; for instance, for 84 of 40°C/W, the
curve is just below 1.4 watts at 25°C.

The total thermal resistance of a package (tjA) can be
seperated into two components, tiJA and tCA, repre-
senting the barrier to heat flow from the semiconductor
junction to the package (case) surface ( jc) and from the

case to the outside ambient air {(6CA). These terms are
related by the equation: .

0Ja=0JCc+0CA (4)
tyC is device related and cannot be influenced by the
user. However, 6ca is user dependent and can be min-
imized by such thermal management techniques as heat
sinks, ambient air cooling, and thermal convection. Thus,
good thermal management on the part of the user can
significantly reduce OCA so that 6ija approximately equals
c. Substitution of byc for bya in equation (1) will result
in a lower semiconductor junction temperature.

Table 7 summarizes maximum power dissipation and
average junction temperature for the curve drawn in Fig-
ure 5, using the minimum and maximum values of am-
bient temperature for different packages and substituting
0yc for bya (assuming good thermal management). Ta-
ble 8 provides the maximum power dissipation and av-
erage junction temperature assuming that no thermal
management is applied (i.e., still air).

NOTE

Since the power dissipation curve shown in Figure
5 is negatively sloped, power dissipation declines
as ambient temperature increases. Therefore, max-
imum power dissipation occurs at the lowest rated
ambient temperature, but the highest average junc-
tion temperature occurs at the maximum ambient
temperature where power dissipation is lowest.

" Values for thermal resistance presented in this sum-
mary, unless estimated, were derived using the proce-
dure described in Motorola Reliability Report 7843,
“Thermal Resistance Measurement Method for MC68XXX
Microcomponent Devices”, and are provided for design
purposes only. Thermal measurements are complex and
‘dependent on procedure and setup. User-derived values
for thermal resistance may differ.
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Figure 5. MC68000 Power Dissipation {(Pp) vs Ambient Temperature (Ta)
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Table 7. MC68010 Power Dissipation and Junction Temperature vs Temperature (0yc=0Ja)

! o Pp (W) Ty (C) Pp (W) Ty (‘C)
Package Ta Range 0yc (‘C/IW) @ TAMin | @ TAMin | @ TaMax | @ Ta Max

L/LC 0°C to 70°C 15 1.5 23 1.2 - 88
~40°C to +85°C 15 1.7 -14 1.2 103

0°C to 85°C 15 1.5 23 1.2 103

P 0°C to 70°C 15 1.5 23 1.2 88
R/RC 0°C to 70°C 15 1.5 23 1.2 88
—-40°C to +85°C 15 1.7 -14 1.2 103

0°Cto 85°C 15 1.5 23 1.2 103

FN 0°C to 70°C 25 1.5 38 1.2 101

Table 8. MC68010 Power Dissipation and Junction Temperature vs Temperature (1yc£0Ja)

. Pp (W} Ty (C) Pp (W) Ty(C)
Package Ta Range bya (CCIW) @ Ta Min @ TaMin | @ Tp Max | @ Ta Max
LLe 0°C to 70°C 30 15 23 12 88
—-40°C to +85°C 30 1.7 ~14 1.2 103
0°C to 85°C 30 15 23 1.2 103
P 0°C to 70°C 30 1.5 23 1.2 88
R/RC 0°C to 70°C 33 1.5 23 1.2 88
—-40°C to +85°C 33 1.7 -14 1.2 103
0°C to 85°C 33 1.5 23 1.2 103
FN 0°C to 70°C 40 15 38 12 101
DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc=5%; GND=0 Vdc; Tao=Ty to TH)
Characteristics Symbol Min Max | Unit
Input High Voltage ViH 2.0 Vee | V
Input Low Voltage . VIiL GND -0.3| 08 \
Input Leakage Current BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2, VPA| )y — 25 | pA
(@ 5.25 V HALT, RESET - 20
Three-State (Off State) Input Current AS, A1-A23, D0-D15, FCO-FC2, ITs) — 20 A
(@ 2.4V/0.4V LDS, R/'W, UDS, VMA
Output High Voltage (IgH= -400 pA) _ o E*| Vou |Vcc-075| — | v
{loH= —400 pA) E, AS, A1-A23, BG, D0-D15,
FCO-FC2, LDS, R/W, UDS, VMA 24 24
Output Low Voitage VoL \
(loL=1.6 mA) _ RACT — 0.5
{loL=3.2 mA) A1-A23, BG, FCO-FC2 — 0.5
{loL=5.0 mA) o o RESET - 0.5
(loL=5.3 mA) E, AS, D0-D15, LDS, R/W, UDS, VMA — 0.5
Power Dissipation (see POWER CONSIDERATIONS) Pp*** - — w
Capacitance (Vin =0V, To=25°C, Frequency =1 MHz)** Cin — 20.0 | pF
Load Capacitance HALT CL — 70 pF
All Others — 130

*With external pullup resistor of 1.1 (.
**Capacitance is periodically sampled rather than 100% tested.

***During normal operation instantaneous V¢c current requirements may be as high as 1.5 A.

|
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AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (see Figure 6)

8 MHz* 10 MHz* 12,5 MHz*
Min | Max | Min | Mat | Min | Max
f 4 8 4 10 4| 125 | MHz
100 | 250 80 | 250 ns

45 | 125 35 | 125 ns

Unit

Num. ) Characteristic . Symbol

Frequency of Operation
1 Clock Period teyc 125 | 250

2,3 |Clock Pulse Measured from 1.5V to 1.5V tcL.tcH| 55 | 125
ter tcf | — 0| — 0| — 5 ns

4,5 |Clock Rise and Fall Times

*These specifications represent an improvement over previously publlshed specifications for the 8-, 10-, and 12.5-MHz MC68010 and
are valid only for product bearing date codes of 8827 and later.

3

teye >
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Figure 6. MC68010 Clock Input Timing Diagram

L |
M68000 FAMILY

MOTOROLA
3-72 REFERENCE



MC68010

AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (V¢ =5.0 Vdc £5%; GND=0 Vdc; TA=Ty to Ty;
see Figures 8 and 9)

Num. Characteristic Symbol 8 MH2" 10 MHz* 125 MHz" Unit
! Min | Max | Min | Mat | Min | Max

6  |Clock Low to Address Valid tCLAV - 62 | — 50 | — 50 ns
6A  |Clock High to FC Valid tCHFCV | — 62 | — 50 | — 45 ns

7 |Clock High to Address, Data Bus High Impedance tcHADZ | — 80 | — 70 | — 60 ns

{Maximum)

8  [Clock High to Address, FC Invalid (Minimum) tCHAF! 0] — 0] — 0| — ns
91  |Clock High to AS, DS Asserted tCHSL 3| 60 3 60| 3| 40| ns
112 [Address Valid to AS, DS Asserted (Read)/AS tavsL | 30 | — 20 | — 15| — | ns

Asserted (Write) )
11A2 |FC Valid to AS, DS Asserted (Read)/AS Asserted tPcysL | 90 | — 70 | — 60 | — [ ns
(Write)
121 [Clock Low to AS, DS Negated tcLsH | — 62 | — 50 | — 40 | ns
132 |AS, DS Negated to Address, FC Invalid tSHAFI | 40 | — 30| — [ 20 — | ns
142 |AS (and DS Read) Width Asserted tgt | 270 | — | 195 | — | 160 | — | ns
14A2 |DS Width Asserted (Write) tpsL | 140 | — 95 | — 80 | — | ns
152 |AS, DS Width Negated tsy | 150 | — | 105 | — 65 | — | ns

16  |Clock High to Control Bus High Impedance tCHCZ | — 80 | — 70 | — 60 ns
172 |AS, DS Negated to RW Invalid tSHRH | 40 | — 30 | — 20 | — ns
18" [Clock High to RW High (Read) tCHRH 0 55 0 45 0 40 ns
20" [Clock High to RAW Low (Write) tCHRL 0| 55 0| 45 0| 40| ns

20A2 6|AS Asserted to RW Valid {Write) tASRV | — 10 | — 10| — 10 | ns
212 |Address Valid to R/W Low (Write) tavRL | 20 | — 0| — 0| — ns
21A2 |FC Valid to RW Low (Write) tFCVRL 60 | — 5 | — 30| — ns
222 |R/W Low to DS Asserted (Write) tpisL | 80| — | 50| — | 30| — | ns

23 |Clock Low to Data-Out Valid (Write) tcoo | — 62 | — 50 | — 50 ns
252 |AS, DS Negated to Data-Out Invalid {Write) tSHDOI | 40 | — 30 | — 20 | — ns
262 (Data-Out Valid to DS Asserted (Write) tposL | 40 | — 30| — [ 20| — [ ns
275 |Data-In Valid to Clock Low (Setup Time of Read) tpICL 0| — 0 — 0| — ns

27A5 |Late BERR Asserted to Clock Low (Setup Time) “tBELCL 45 | — 45 — 45 | — ns
282 |AS, DS Negated to DTACK Negated tsHDAH| 0 | 240 0 | 190 0| 150 | ns
{Asynchronous Hold) .
29 |AS, DS Negated to Data-In Invalid tSHDII 0| — 0| — o — | ns
(Hold Time on Read)
29A |AS, DS Negated to Data In High Impedance tsHDZ | — 187 — 150 | — 120 ns
30 |AS, DS Negated to BERR Negated tSHBEH 0| — 0ol — 0| — ns
3125 |DTACK Asserted to Data-In Valid (Setup Time) tpALDl | — 90 | — 65 | — 50 | ns

32 |HALT and RESET Input Transition Time tRHrf 0 | 200 0 | 200 0| 200 | ns
33 |Clock High to BG Asserted tCHGL | — 62 | — 50 [ — 40 ns
34 |Clock High to BG Negated tCHGH | — 62 | — 50 | — 40 | ns
35 |BR Asserted to BG Asserted teRLGL | 15 | 35 | 1.5 | .35 | 1.5 | 35 | Ciks
367 |BR Negated to BG Negated tgRHGH| 15 | 35 | 156 | 35 | 1.6 | 35 | Clks

. .
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Continued)

Num. Characteris;ic Symbo! 8 MHa” 10 MHe” 125 MHz® Unit
o Min | Max | Min | Mat | Min | Max :

37 |BGACK Asserted to BG Negated tGALGH| 1.5 | 36 { 1.5 | 35 | 1.5 | 35 | Clks
37A8 |BGACK Asserted to BR Negated tGALBRH! 20| 15 | 20 | 15 | 20| 15 | ns

' Clks Clks Clks
38 |BG Asserted to Control, Address, Data Bus High GLz — 80 — 70 - 60 ns
Impedance (AS Negated) .
33 |BG Width Negated : ) tGH 15 — | 18| — | 15| — | Clks
40 |Clock Low to VMA Asserted tcLVML | — 70 | — 70 | — 70 | ns
41 |Clock Low-to E Transition . tCLET - 65 | — 45 [ — 35 ns
42 |E Output Rise and Fall Time . tErf — 15 | — 15 | — 15 ns
43 |[VMA Asserted to E High tYMLEH | 200 | — | 150 | — 0| — | ns
44 |AS, DS Negated to VPA Negated tSHVPH 0| 120 0| 90 0| 70| ns
45  |E Low to Control, Address Bus Invalid tELCAI 3| — 10| — 0| — ns
(Address Hold Time) :

46 |BGACK Width Low . tgGaL | 15| — | 15| — | 1.5 — | Ciks
475 |Asynchronous Input Setup Time tAS! 10| — 10| — 0| — ns
482:3.5 |DTACK Asserted to BERR Asserted tDALBEL| — 80 | — 55 | — 35 | ns
499 |AS, DS, Negated to E Low ) ‘ tSHEL | -70| 70 | -55| 55| -45| 45| ns
50 |E Width High ‘ ten | 450 | — [ 350 | — | 280 | — | ns
51  |E Width Low ' tgg | 700 — | 550 | — | 440 | — | ns
53 |Data-Out Hold from Clock High tCHDOI 0| — 0| — 0| — ns
54 |E Low to Data-Out Invalid tewpor | 30| — | 20| — 15| — | ns
55 |R/W Asserted to Data Bus Impedance Change taRipBDp | 30| — | 20| — 0 — ns

564 |HALT/RESET Pulse Width tHrRpw | 10 | — 10| — 10 | — | Clks

57 |BGACK Negated to AS, DS, R/W Driven tgGasp | 5| — | 18| — [ 15| — | Ciks

57A |BGACK Negated to FC, VMA Driven - tGAFD 1| = 1| — 1| — | Clks

587 |BR Negated to AS, DS, RAW Driven : tRHsD | 15| — | 15| — | 15| — | Clks

58A7 |BR Negated to FC, VMA Driven tRHFD 11 — 1] = 1| — | Cks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68010 and
are valid only for product bearing date codes of 8827 and later.

NOTES
. For a loading capacitance of less than or equal to 50 plcofarads. subtract 5 nanoseconds from the value given in the maximum
columns,
2. Actual value depends on clock period. }
3. In the absence of DTACK, BERR is an asynchronous input using the asynchronous input setup time (#47).
4. For power up, the MC68000 must be held in the RESET state for 100 milliseconds to allow stabilization of on-chip circuitry. After

the system is powered up, #56 refers to the minimum pulse width required to reset the processor.

5. If the asynchronous input setup time {#47) requirement is satisfied for DTACK, the DTACK-asserted to data setup time (#31)
and DTACK-asserted to BERR-asserted setup time (#48) requirements can be ignored. The data must only satisfy the data-in to
clock low setup time (#27) for the following clock cycle, and BERR must only satisfy the late-BERR-asserted to clock-low setup
time (#27A) for the following clock cycle.

6. When AS and R/W are equally loaded (+20%), subtract 5 nanoseconds from the values given in these columns.

7. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR _before asserting BGACK.

8. The minimum value must be met to guarantee proper operation. 1f the maximum value is exceeded, BG may be reasserted.

9. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.

L._______________________________________________________________________________|
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AC ELECTRICAL SPECIFICATION DEFINITIONS

The AC specifications presented consist of output de-
lays, input setup and hold times, and signal skew times.
All signals are specified relative to an appropriate edge
of the clock input and, possibly, relative to one or more
other signals.

The measurement of the AC specifications is defined
by the waveforms shown in Figure 7. In order to test the
parameters guaranteed by Motorola, inputs must be dri-
ven to the voltage levels specified in Figure 7. Outputs
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are specified with minimum andior maximum limits, as
appropriate, and are measured as shown in Figure 7.
Inputs are specified with minimum and, as appropriate,
maximum setup and hold times, and are measured as
shown. Finally, the measurement for signal-to-signal
specifications are also shown.

Note that the testing levels used to verify conformance
to the AC specifications does not affect the guaranteed
DC operation of the device as specified in the DC electrical
characteristics.
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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:

. Maximum output delay specification.

. Minimum output hold time.

. Minimum input setup time specification.
. Minimum input hold time specification.

TMUOm>

. Signal valid to signal valid specification (maximum or minimum).
. Signal valid to signal invalid specification (maximum or minimum).

Figure 7. Drive Levels and Test Points for AC Specifications
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MC68010

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTES:
1. Setup time for the asynchronous inputs IPLO-IPL2 and VPA guarantees their recognition at the next falling edge of the clock.
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle.
3. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltages of 2.0 volts, unless otherwise
noted.

4. The timing for the first falling edge (47) of BERR are for BERR without DTACK, the timings for the second falling edge (27A and
48) are for BERR with DTACK.

Figure 8. MC68010 Read-Cycle Timing Diagram
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MC68010

These waveforms should only be referenced in regafd to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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1. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise
noted.
2. Because of loading variations, RW may be valid after AS even though both are initiated by the rising edge of S2 (Specification
20A).

3. The timing for the first falling edge (47) of BERR are for BERR without DTACK, the timings for the second falling edge (27A and
48) are for BERR and DTACK.

Figure 9. MC68010 Write-Cycle Timing Diagram
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MC68010

AC ELECTRICAL SPECIFICATIONS — MC68010 TO MBBOO PERIPHERAL CYCLES (Vcc=5.0 Vdc+5%; GND=0 Vdc;
TA=T| to Ty, see Figures 10 and 11)

Num. Characteristic Symbol 8 MH2" 10 MHz? 125 MHz? Unit
Min | Max | Min | Max | Min | Max
121 |Clock Low to AS, DS Negated ) toesH | — | 62| — | 50 | — | 40 ns
18" |Clock High to RAW High (Read) tCHRH 0| 55 0| 45 0| 40 | ns
201 |Clock High to R/W Low (Write) ' tCHRL 0 55 0| 45 0| 40 ns
23  |Clock Low to Data-Out Valid (Write) tcoo | — 62 | — 50 — 50 ns
27 - |Data-In Valid to Clock Low (Setup Time of Read) : Stoicl | 10 [ — 10| — 0| — ns
29 [AS, DS Negated to Data-In Invalid | tsHDIl 0| — 0 — 0| — ns
. {Hold Time on Read) ) g
40 |Clock Low to VMA Asserted B ! o ltowme | — 70| — |70 | — | 70| ns
41 [Clock Low to E Transition tCLET | — 86| — | 45 | — | 35 ns
42  |E Output Rise and Fall Time , terf | — 15 [ — 15 - 15 ns
43 |VMA Asserted to E High tyMLEH | 200 | — [ 150 | — | 90 | — | ns
44 |AS, DS Negated to VPA Negated - - - tSHVPH | 0 | 120 0| 90 0| 70 | ns
45 |E Low to Control, Address Bus Invalid . tELCAl 30 | — 10 — 10 — ns
(Address Hold Time) )

47  |Asynchronous Input Setup Time ’ 1AS| 10| — 0| — 0 — ns
492 |AS, DS, Negated to E Low S tSHEL | —70 |- 70 | -55| 55 | 45| 45 | ns
50 |E Width High tgy (450 | — [ 350 | — | 280 | — | ns
51  |E Width Low ‘ gL | 700 | — | 550 | — [440 | — | ns
54 (E Low to Data-Out Invalid tELDOI 30| — 20 | — 15| — ns

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68010 and
are valid only for product bearing date ccdes of 8827 and later.

NOTES:
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in the maximum
columns. J—
2. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events
can occur first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will
occur between the rising edge of the strobes and the falling edge of the E clock.
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MC68010

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions

and their related diagrams

for device operation.
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NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case

possibly attainable.

Figure 10. MC68010 to M6800 Peripheral Timing Diagram (Best Case)
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation. : . L
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NOTE: This timing diagram is included for those who wish to design their oWn circuit to generate VMA. It shows the worst case
possibly attainable. . :

Figure 11. MC68010 to M6800 Periphéral Timing Diagram (Worst Case)
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION (Vcc 5.0 Vdc+5%, GND =0 Vdc; TA T to TH:
see Figures 12,13, and 14)

MC68010

Num. Characteristic Symbol 8 MHz* 1.0 Mrz* 1%'5 MHz* Uni;
Min [ Max | Min | Max | Min | Max
7  |Clock High to Address, Data Bus High tCHADZ | — 80 — 70 — 60 ns
Impedance (Maximum)
16 |Clock High to Control Bus High Impedance tCHCZ —_ 80 — 70 - 60 ns
33 [Clock High to BG Asserted tcHGL | — | 62 | — | 50 | — | 40 ns
34 [Clock High to BG Negated tcHGH | — | 62 | — | 50 | '"— | 40 | ns
35 |BR Asserted to BG Asserted tBRLGL | 1.5 | 35.| 1.5 | 35 1.6 | 35 | Clks
367 |BR Negated to BG Negated tBRHGH | 156 | 35 | 1.6 | 35 | 1.6 | 35 | Clks
37 |BGACK Asserted to BG Negated tGALGH | 15 | 35.| 15 | 35 | 1.6 | 35 | Clks
37A2 [BGACK Asserted to BR Negated tGALBRH| 20 | 1.5 | 20 | 1.5 | 20 | 15 | ns
' Clks ’ Clks ‘| Clks
38 [BG Asserted to Control, Address, Data Bus gz | — | 8 | — | 70| — | 60| ns
High Impedance (AS Negated)

39 |BG Width Negated tGH 15| — |18 — | 15| — | Clks
46 |BGACK Width Low “tgaL | 15| — | 18| — | 15 | — | Cks
47  |Asynchronous Input Setup Time tAS| 10 — 10 — 10 — ns
57 |BGACK Negated to AS, DS, RAW Driven tGasD | 15 | — | 15| — | 15 | — | Clks
57A |BGACK Negated to FC, VMA Driven tGAED I 1| — 1| — | Cks
58" |BR Negated to AS, DS, RW Driven tRHsD | 16 | — | 15 | — | 1.5 | — | Clks
58A1 |BR Negated to FC, VMA Driven tRWFD | . 1 | — 1T =] 1| — | Cks

*These specifications represent an improvement over previously published specifications for the 8-, 10-, and 12.5-MHz MC68010 and

are valid only for product bearing date codes of 8827 and later.

NOTES:

1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK.
2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted.

M68000 FAMILY
REFERENCE

MOTOROLA

3-81



MC68010

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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1. 52-Pin Version of MC68008 Only

Figure 12. MC68010 Bus Arbitration Timing — Idle Bus Case
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MC68010

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation. )
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1. 62-Pin Version of MC68008 Only

Figure 13. MC68010 Bus Arbitration Timing — Active Bus Case
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MC68010

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descrlptlons
and their related diagrams for device operation.
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Figure 14. MC68010 Bus Arbitration Timing — Multiple Bus Requests
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MC68010

PIN ASSIGNMENTS
64-Pin Dual-In-Line Package ~ 68-Pin Quad Pack
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TECHNICAL DATA MC68020

Technical Summary

32-Bit Virtual Memory
Microprocessor

The MC68020 is the first full 32-bit implementation of the M68000 Family of microprocessors
from Motorola. Using Motorola’s advanced HCMOS technology, the MC68020 is implemented with
32-bit registers and data paths, 32-bit addresses, a rich instruction set, and versatile addressing
modes..

The main features of the MC68020 are:

Object Code Compatible with Earlier M68000 Microprocessors

Addressing Mode Extensions for Enhanced Support of High Level Languages

New Bit Field Data Type Accelerates Bit-Oriented Applications, i.e., Video Graphics
Fast On-Chip Instruction Cache Speeds Instructions and Improves Bus Bandwidth

Coprocessor Interface to Companion 32-Bit Peripherals — the MC68881 and MC68882 Floating
Point Coprocessors and the MC68851 Paged Memory Management Unit

Pipelined Architecture with High Degree of Internal Parallalism Allowing Multiple Instructions to
be Executed Concurrently

High Performance Asynchronous Bus is Non-Multiplexed and Full 32-Bits
Dynamic Bus Sizing Efficiently Supports 8-/16-/32-Bit Memories and Peirpherals
Full Support of Virtual Memory and Virtual Machine

Sixteen 32-Bit General-Purpose Data and Address Registers

Two 32-Bit Supervisor Stack Pointers and 5 Special Purpose Control Registers
18 Addressing Modes and 7 Data Types

4-Gigabyte Direct Addressing Range

Selection of Processor Speeds: 12.5, 16.67, 20, 25, and 33.33 MHz

MICRO MACHINE

SEQUENCER

MICROROM -
NANOROM INSTRUCTION DECODE |
[ controsecrion ] [ stRucTion PIPE |
\ A 2
EXECUTION UNIT
TAG INSTRUCTION | OPERAND DATA INSTRUCTION
CACHE ADORESS |  ADORESS | gpone CACHE
SECTION SECTION
ADDRESS BUS DATA
NTROLLER PADS
Pros CONTROLE BUS CONTROLLER

Figure 1. MC68020 Block Diagram

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION

The MC68020 is a high-performance 32-bit micropro-
cessor. Itis the first microprocessor to have evolved from
a 16-bit machine to a full 32-bit machine that provides
32-bit address and data buses as well as 32-bit internal
structures. Many techniques were utilized to improve per-
formarice and at the same time maintain compatibility
with other processors of the M68000 Family. Among the
improvements are new addressing modes which better
support high-level language structures, an expanded in-
struction set which provides 32-bit operations for the lim-
ited cases not supported by the MC68000 and the
MC68010, and several new instructions which support
new data types. For special-purpose applications when
a general-purpose processor alone is not adequate, a
coprocessor interface is provided.

The MC68020 is a high-performance microprocessor
implemented in HCMOS, Motorola’s low power, small
geometry process. This process allows CMOS and HMOS
(high density NMOS) gates to be combined on the same
device. CMOS structures are used where speed and low
power is required, and HMOS structures are used where
minimum silicon area is desired. This technology enables
the MC68020 to be very fast while consuming tess power
{less than 1.5 watts), and still have a reasonably small
die size.

31 16 15

MC68020

Figure 1 is a block diagram of the MC68020. The pro-
cessor can be divided into two main sections: the bus
controller and the micromachine. This division reflects
the autonomy with which the sections operate.

The bus controller consists of the address and data
pads and multiplexers required to support dynamic bus
sizing, a macro bus controller which schedules the bus
cycles on the basis of priority with two state machines
{one to control the bus cycles for operand accesses and
the other to control the bus cycles for instruction ac-
cesses), and the instruction cache with its associated con-
trol. '

The micromachine consists of an execution unit, na-
norom and microrom storage, an instruction decoder, an
instruction pipe, and associated control sections. The ex-
ecution unit consists of an address section, an operand
address section, and a data section. Microcode control is
provided by a modified two-level store of microrom and
nanorom. Programmed logical arrays (PLAs) are used to
provide instruction decode and sequencing information.
The instruction pipe and other individual control sections
provide the secondary decode of instructions and gen-
erate the actual control signals that result in the decoding
and interpretation of nanorom and microrom informa-
tion.

As shown in the programming models (Figures 2 and
3) the MC68020 has sixteen 32-bit general-purposed reg-
isters, a 32-bit program counter, two 32-bit supervisor

DO

D1

D2

D3

DATA REGISTERS
D4

D5

D6

D7

-3 : 16 15

A0

Al

A2

A3 ADDRESS REGISTERS

Ad

A5

Ab

3 16 15

| A7(usP) USER STACK POINTER

31

| pc PROGRAM COUNTER

Ctemmemmm===

7 0
CONDITION CODE REGISTER

Figure 2. User Programming Model
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MC68020

3 1615 0
| | ] A7 ISP)  INTERRUPT STACK POINTER
3 . 15 15 0
| [ | A7"IMSP) MASTER STACK POINTER
15 7 0
| T (CCR) ] sr STATUS REGISTER
3 0
[ ] ver VECTOR BASE REGISTER
3 7 0
e e e e e e e e e e e e e e ma—— e SFC ALTERNATE FUNCTION
' GFC CODE REGISTERS
3 0 ‘
( ] cAcR  CACHE CONTROL REGISTER
3 0
[ | caar

CACHE ADDRESS REGISTER

Figure 3. Supervisor Programming Model Supblement

stack pointers, a 16-bit status register, a 32-bit vector base
register, two 3-bit alternate function code registers, and
two 32-bit cache handling (address and control) registers.
Registers D0-D7 are used as data registers for bit and bit
field (1 to 32 bit), byte (8 bit), word (16 bit), long word
(32 bit), and quad word (64 bit) operations. Registers A0-
A6 and the user, interrupt, and master stack pointers are
address registers that may be used as software stack
pointers or base address registers. In addition, the ad-
dress registers may be used for word and long word
operations. All of the 16 (D0-D7, A0-A7) registers may be
used as index registers.

The status register (Figure 4) contains the interrupt
priority mask (three bits) as well as the condition codes:
extend (X), negate (N), zero (Z), overflow (V), and carry
(C). Additional control bits indicate that the processor is
in the trace mode (T1 or T0), supervisor/user state (S),
and master/interrupt state (M).

All microprocessors of the M68000 Family support in-
struction tracing (via the TO status bit in the MC68020)
where each instruction executed is followed by a trap to

SYSTEM BYTE

a user-defined trace routine. The MC68020 adds the ca-
pability to trace only the change of flow instructions
(branch, jump, subroutine call and return, etc.) using the
T1 status bit. These features are important for software
program development and debug.

The vector base register is used to determine the run-
time location of the exception vector table in memory,
hence it supports multiple vector tables so each process
or task can properly manage exceptions independent of
each other. :

The M68000 Family processors distinguish address
spaces as supervisor/user and program/data. These four
combinations are specified by the function code pins (FCO/
FC1/FC2) during bus cycles, indicating the particular ad-
dress space. Using the function codes, the memory sub-
system can distinguish between authorized access {su-
pervisor mode is privileged access) and unauthorized ac-
cess (user mode may not have access to supervisor
program or data areas). To support the full privileges of
the supervisor, the alternate function code registers allow
the supervisor to specify an access to user program or

- USER BYTE
(CONDITION CODE REGISTER)

15 14 13 12 110 9

[n]m]s[m]o]yz[p]

o ol Lol e v ]

Nr—— N —
INTERRUPT
PRIORITY MASK

MASTER/INTERRUPT STATE

SUPERVISOR/USER STATE
TRACE ENABLE

EXTEND
NEGATIVE
ZERO

OVERFLOW
CARRY

T0 — TRACE ON CHANGE OF FLOW (BRA, JUMP, ETC.)

T1 — TRACE ALL INSTRUCTIONS

Figure 4. Status Register
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data areas by preloading the SFC/DFC registers appro-
priately.

The cache registers (cantrol — CACR, address — CAAR)
allow software manipulation of the on-chip instruction
cache. Control and status accesses to the instruction cache
are provided by the cache control register (CACR), while
the cache address register (CAAR) holds the address for
those cache control functions that require an address.

DATA TYPES AND ADDRESSING MODES

Seven basic types are supported. These data types are:
e Bits
® Bit Fields (String of consecutive bits, 1-32 bits long)
® BCD Digits (Packed: 2 digits/byte,
Unpacked: 1 digit/byte)
® Byte Integers (8 bits)
® Word Integers (16 bits)
® Long Word Integers (32 bits)
® Quad Word Integers (64 bits)
In addition, operations on other data types, such as mem-
ory addresses, status word data, etc., are provided in the
instruction set. The coprocessor mechanism allows direct
support of floating-point data types with the MC68881
floating-point coprocessor, as well as specialized user-
defined data types and functions.
The 18 addressing modes, shown in Table 1, inciude
nine basic types:
® Register Direct
@ Register Indirect
® Register Indirect with Index
® Memory Indirect
® Program Counter Indirect with Displacement
® Program Counter Indirect with Index
® Program Counter Memory Indirect
® Absolute
® Immediate
The register indirect addressing modes support
postincrement, predecrement, offset, and indexing.
Programmers find these capabilities particularly useful
for handling advanced data structures common to so-
phisticated applications and high level languages. The
program counter relative mode also has index and offset
capabilities; programmers find that this addressing mode
is required to support position-independent software. In
addition to these addressing modes, the MC68020 pro-
vides data operand sizing and scaling; these features pro-
vide performance enhancements to the programmer.

INSTRUCTION SET OVERVIEW

The MC68020 instruction set is shown in Table 2. Spe-
cial emphasis has been given to the instruction set’s sup-
port of structured high-level languages and sophisticated

M68000 FAMILY-
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MC68020

operating systems. Each instruction, with few exceptions,
operates on bytes, words, and long words and most in-
structions can use any of the 18 addressing modes. Many
instruction extensions have been made on the MC68020
to take advantage of the full 32-bit operation where, on
the earlier M68000 Family members, only 8- and 16-bit
values were used. The MC68020 is upward source- and
object-level code compatible with the family because it
supports all of the instructions that previous family mem-
bers offer. Additional instructions are now provided by
the MC68020 in support of its advanced features.

BIT FIELD OPERATIONS

The MC68020 supports variable length bit field oper-
ations up to 32 bits. A bit field may start in any bit position
and span any address boundary for the full length of the
bit field, up to the 32 bit maximum. The bit field insert
(BFINS) inserts a value into a field. Bit field extract un-
signed (BFEXTU) and bit field extract signed (BFEXTS)
extract a unsigned or signed value from the field. BFFFO
finds the first bit in'a bit field that is set. To complement
the M68000 bit manipulation instruction, there are bit
field change, clear, set, and test instructions (BFCHG,
BFCLR, BFSET, BFTST). Using the on-chip barrel shifter,
the bit and bit field instructions are very fast and partic-
ularly useful in applications using packed bits and bit
fields, such as graphics and communications.

BINARY CODED DECIMAL (BCD) SUPPORT

The M68000 Family supports BCD operations including
add, subtract, and negation. The MC68020 adds the PACK
and UNPACK operations for BCD conversions to and from
binary form as well as other conversions, e.g., ASCIl and
EBCDIC. The PACK instruction reduces two bytes of data
into a single byte while UNPACK reverses the operation.

BOUNDS CHECKING

Previous M68000 Family members offer variable bounds
checking only on the upper limit of the bound. The un-
derlying assumption is that the lower bound is zero. This
is expanded on the MC68020 by providing two new in-
structions, CHK2 and CMP2. These instructions allow
checking and comparing of both the upper and lower
bounds. These instructions may be either signed or un-
signed. The CMP2 instruction sets the condition codes
upon completion while the CHK2 instruction, in addition
to setting the condition codes, will take a system trap if
either boundary condition is exceeded.

SYSTEM TRAPS

Three additions have been made to the system trap
capabilities of the MC68020. The current TRAPV {(trap on
overflow) instruction has been expanded to a TRAPcc
format where any condition code is allowed to be the
trapping condition. And, the TRAPcc: instruction is ex-
panded to optionally provide one or two additional words
following the trap instruction so user-specified infor-
mation may be presented to the trap handler. These ad-
ditional words can be used when needed to provide simple
error codes or debug information for interactive runtime
debugging or post-mortem program dumps. Compilers
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Table 1. MC68020 Addressing Modes

Addressing Modes Syntax

Register Direct .

Data Register Direct Dn

Address Register Direct An
Register Indirect .

Address Register Indirect (An)

Address Register Indirect with Post Increment (An)+

Address Register Indirect with Predecrement - (An})

Address Register Indirect with Displacement (d4gAn)
Register indirect with Index

Address Register Indirect with Index (8-Bit Displacement) | {dg,An,Xn)

Address Register Indirect with Index (Base Displacement) | (bd,An,Xn)

Memory Indirect
Memory Indirect Post-Indexed
Memory Indrect Pre-Indexed

{[bd,An],Xn,od)
{[bd,An,Xn],od)

Program Counter Indirect with Displacement (dq6.PC)
Program Counter Indirect with Index
PC Indirect with Index (8-Bit Displacement) (dg,PC,Xn)
PC Indirect with Index (Base Displacement) (bd,PC,Xn)

Program Counter Memory Indirect
PC Memory Indirect Post-Indexed
PC Memory Indirect Pre-Indexed

([bd,PC],Xn,od)
(bd,PC,Xn],0d)

Absolute
Absolute Short xxx.W
Absolute Long xxx.L
Immediate #(data)
NOTES:

Dn = Data Register, DO-D7
An = Address Register, A0-A7
dg, d1g = A twos-complement, or sign-extended displacement; added as part of the

effective address calculation; size is 8 (dg) or 16 (dqg) bits; when omitted,
assemblers use a value of zero.

Xn = Address or data register used as an index register; form is Xn.SIZE*SCALE,
where SIZE is .W or .L (indicates index register size) and SCALE is 1, 2, 4, or
8 (index register is multiplied by SCALE); use of SIZE and/or SCALE is op-
tional.

bd = A twos-complement base displacement; when present, size can be 16 or 32
bits.

od = Outer displacement, added as part of effective address calculation after any
memory indirection; use is optional with a size of 16 or 32 bits.

PC = Program Counter

(data) = Immediate value of 8, 16, or 32 bits
(} = Effective Address
[] = Use as indirect address to long word address.

may provide direction to run-time execution routines to-
wards handling of specific conditions.

The breakpoint instruction, BKPT, is used to support
the program breakpoint function for debug monitors and
real-time in-circuit or hardware emulators, and the op-
eration will be dependent on the actual system imple-
mentation. Execution of this instruction causes the
MC68020 to run a breakpoint acknowledge bus cycle,
with a 3-bit breakpoint identifier placed on address lines
A2, A3, and Ad. This 3-bit identifier permits up to eight
breakpoints to be easily differentiated. The normal re-
sponse to the MC68020 is an operation word (typically
an instruction, originally replaced by the debugger with
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the breakpoint instruction) placed on the data lines by
external debugger hardware and the breakpoint acknowl-
edge cycle properly terminated. The MC68020 then ex-
ecutes this operation word in place of the breakpoint
instruction. The debugger hardware can count the num-
ber of executions of each breakpoint and halt execution
after a pre-determined number of cycles.

MULTI-PROCESSING

To further support multi-processing with the MC68020,
a compare and swap instruction, CAS, has been added.
This instruction makes use of the read-modify-write cycle
to compare two operands and swap a third operand
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Table 2. Instruction Set

MC68020

Mnemonic Description Mnemonic Description
ABCD Add Decimal with Extend LEA Load Effective Address
ADD Add LINK Link and Allocate
ADDA Add Address LSL,LSR Logical Shift Left and Right
ADDI Add Immediate
ADDQ Add Quick MOVE Move
ADDX Add with Extend MOVEA Move Address '
AND Logical AND MOVE CCR Move Condition Code Register
ANDI Logical AND Immediate MOVE SR Move Status Register
ASL, ASR Arithmetic Shift Left and Right MOVE UspP Move User Stack Pointer
MOVEC Move Control Register
Bee Branch Conditionally MOVEM Move Multiple Registers
BCHG Test Bit and Change MOVEP Move Peripheral
BCLR Test Bit and Clear MOVEQ Move Quck
BFCHG Test Bit Field and Change MOVES Move Alternate Address Sapce
BFCLR Test Bit Field and Clear MULS Signed Multiply
BFEXTS Signed Bit Field Extract MULU Unsigned Multiply
BFEXTU Unsigned Bit Field Extract -
BFFFO Bit Field Find First One NBCD Negate Decimal with Extend
BFINS Bit Field Insert NEG Negate
BFSET Test Bit Field and Set NEGX Negate with Extend
BFTST Test Bit Field NOP No Operation
BKPT Breakpoint NOT Logical Complement
BRA Branch OR Logical Inclusive OR
g:gr gf:tnc;at:tuaangui?;utine ORI Logical Inclusive OR Immediate
BTST Test Bit PACK Pack BCD
CALLM Call Module PEA Push Effective Address
CAS Compare and Swap Operands RESET Reset External Devices
CAS2 Compare and Swap Dual Operands ROL, ROR Rotate Left and Right
CHK Check Register Against Bound ROXL, ROXR Rotate with Extend Left and Right
CHK2 Check Register Against Upper and RTD Return and Deallocate
Lower Bounds RTE Return from Exception
CLR Clear RTM Return from Module
CMP Compare RTR Return and Restore Codes
CMPA Compare Address RTS Return from Subroutine
CMPI Compare Immediate
CMPM Compare Memory to Memory SBCD Subtract Decimal with Extend
CMP2 Compare Register Against Upper and Sce Set Conditionally
Lower Bounds STOP Stop
suB Subtract
DBcc Test Condition, Decrement and Branch SUBA Subtract Address
DIVS, DIVSL Signed Divide susBl Subtract Immediate
DIVU, DIVUL Unsigned Divide SUBQ Subtract Quick
EOR Logical Exclusive OR SUBX Subtract with Extend
EORI Logical Exclusive OR Immediate SWAP Swap Register Words
EXG Exchange Registers TAS Test Operand and Set
EXT, EXTB Sign Extend TRAP Trap
ILLEGAL Take lllegal Instruction Trap ;:2?/‘: jl":::; E:rg\z;’l‘j&y
Jmp Jump TST Test Operand
JSR Jump to Subroutine UNLK Unlink
UNPK Unpack BCD
COPROCESSOR INSTRUCTIONS
cpBCC Branch Conditionally cpRESTORE Restore Internal State of Coprocessor
cpDBcc Test Coprocessor Condition, CcpSAVE Save Internal State of Coprocessor
Decrement and Branch cpScc Set Conditionally
cpGEN Coprocessor General Instruction cpTRAPcc Trap Conditionally

L ____________________________________________________________________________________|
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pending the results of the compare. A varient of this in-
struction, CAS2, performs similarly comparing dual op-
erand pairs, and updating two operands.

These multi-processing operations are useful when us-
ing common memory to share or pass data between mul-
tiple processing elements. The read-modify-write cycle
is an indivisible operand that allows reading and updat-
ing a “lock”” operand used to control access to the com-
mon memory elements. The CAS2 instruction is more
powerful since dual operands allow the “lock” to be
checked and two values (i.e., both pointers in a doubly-
linked list) to be updated according to the lock’s status,
all in a single operation. o )

MODULE SUPPORT

The MC68020 includes support for modules with the
call module (CALLM) and return from module (RTM) in-
structions. The CALLM instruction -references a module
descriptor. This descriptor contains control information
for entry into the associated module. The CALLM instruc-
tion creates a module stack frame and stores the module
state in that frame. The RTM instruction recovers the
previous module state from the stack frame and returns
to the calling module. )

The module interface also provides a mechanism for
finer resolution of access control by external hardware.
Although the MC68020 does not interpret the access con-
trol information, it does communicate with external hard-
ware when the access control is to be changed, and relies
on the external hardware to verify that the changes are
legal. ., .

CALLM and RTM, when used as subroutine calls and
returns with proper descriptor formats, cause the MC68020
to perform the necessary actions to verify legitimate ac-
cess to modules.

VIRTUAL MEMORY/MACHINE CONCEPTS

The full addressing range of the MC68020 is 4 gigabytes
(4,294,967,296). However, most MC68020 systems imple-
ment a smaller physical memory. Nonetheless, by using
virtual memory techniques, the system can be made to
appear to have a full 4 gigabytes of physical memory
available to each user program. These techniques have
been used for many years in large mainframe computers
and minicomputers. With the MC68020 (as with the
MC68010 and MC68012), virtual memory can be fully sup-
ported in microprocessor-based systems.

In a virtual memory system, a user program can be
written as though it has a large amount of memory avail-
able to it when actually only a smaller amount of memory

is physically present in the system. In a similar fashion,

a system provides user programs access to other devices
that are not physically present in the system such as tape
drives, disk drives, printers, or terminals. With. proper
software emulation, a physical system can be made to
appear to a user program as any other M68000 computer
system and the program may be given full access to all
of the resources of that emulated system. Such an em-
ulated system is called a virtual machine.
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VIRTUAL MEMORY

The basic mechanism for supporting virtual memory
is to provide a limited amount of high-speed physical
memory that can be accessed directly by the processor
while maintaining an image of a much larger “‘virtual”
memory on secondary storage devices such as large ca-
pacity disk drives. When the processor attempts to access
a location in the virtual memory map that is not resident
in physical memory (referred to as a page fault), the ac-
cess to that location is temporarily suspended while the
necessary data is fetched from secondary storage and
placed in physical memory; the suspended access is then
either restarted or continued.

The MC68020 uses instruction continuation to support
virtual memory. In order for the MC68020 to use instruc-
tion continuation, it stores its internal state on the su-
pervisor stack when a bus cycle is terminated with a bus
error signal. It then loads the program counter with the
address of the virtual memory bus error handler from
the exception vector table (entry number two) and re-
sumes program execution at that new address. When the
bus error exception handler routine has completed ex-
ecution, an RTE instruction is executed which reloads the
MC68020 with the internal state stored on the stack, re-
runs the faulted bus cycle (when required), and continues
the suspended instruction. :

Instruction continuation is crucial to the support of vir-
tual /0 devices in memory-mapped input/output sys-
tems. Since the registers of a virtual device may_ be
simulated in the memory map, an access to such a reg-
ister will cause a fault and the function of the register can
be emulated by software. .

VIRTUAL MACHINE

A typical use for a virtual machine system is the de-
velopment of software, such as.an operating system, for
anew machine also under development and not yet avail-
able for programming use. In such a system, a governing
operating system emulates the hardware of the prototype
system and allows the new operating system to be ex-
ecuted and debugged as though it were running on the
new hardware. Since the new operating system is con-
trolled by the governing operating system, it is executed
at a lower privilege level than the. governing operating
system. Thus, any attempts by the new operating system
to use virtual resources that are not physically present
{and should be emulated) are trapped to the governing
operating system and handled by its software. In the
MC68020, a virtual machine is fully supported by running
the new operating system in the user mode. The gov-
erning operating system executes in the supervisor mode
and any attempt by the new operating system to access
supervisor resources or execute privileged instructions

. will cause a trap to the governing operating system.

OPERAND TRANSFER MECHANISM

Though the MC68020 has a full 32-bit data bus, it offers
the ability to automatically and dynamically downsize its
bus to 8 or 16 bits if peripheral devices are unable to
accommodate the entire 32 bits. This feature allows the
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programmer the ability to write code that is not bus-width
specific. For example, long word (32 bit) accesses to pe-
ripherals may be used in the code, yet the MC68020 will
transfer only the amount of data that the peripheral can
manage. This feature allows the peripheral to define its
port size as 8, 16, or 32 bits wide and the MC68020 will
dynamically size the data transfer accordingly, using mul-
tiple bus cycles when necessary. Hence, programmers
are not required to program for each device port size or
know the specific port size before coding; hardware de-
signers have flexibility to choose implementations in-
dependent of software prejudices.

This is accomplished through the use of the DSACK
pins and occurs on a cycle-by-cycle basis. For example,
if the processor is executing an instruction that requires
the reading of a long word operand, it will attempt to
read 32 bits during the first bus cycle to a long word
address boundary. If the port responds that it is 32 bits
wide, the MC68020 latches all 32 bits of data and contin-
ues. If the port responds that it is 16 bits wide, the MC68020
latches the 16 valid bits of data and runs another cycle
to obtain the other 16 bits of data. An 8-bit portis handled
similarly but with four bus read cycles. Each port is fixed
in assignment to particular sections of the data bus.

Justification of data on the bus is handled automati-
cally by dynamic bus sizing. When reading 16-bit data
from a 32-bit port; the data may appear on the top or
bottom half of the bus, depending on the address of the
data. The MC68020 determines which portion of the bus
is needed to support the transfer and dynamically adjusts
to read or write the data on those data lines.

The MC68020 will always transfer the maximum amount
of data on all bus cycles; i.e., it always assumes the port
is 32 bits wide when beginning the bus cycle. In addition,
the MC68020 has no restrictions concerning alignment
of operands in memory; long word operands need not
be aligned on long word address boundaries. When mis-
aligned data requires multiple bus cycles, the MC68020
automatically runs the minimum number of bus cycles.

THE COPROCESSOR CONCEPT

The coprocessor interface is a mechanism for extend-
ing the instruction set of the M68000 Family. Examples
of these extensions are the addition of specialized data
operands for the existing data types or, for the case of
floating point, the inclusion of new data types and op-
erations for them as implemented by the MC68881 float-
ing-point coprocessor.

The programmer’s model for the M68000 Family of
microprocessors is based on sequential, non-concurrent
instruction execution. This means each instruction is
completely executed prior to the beginning of the next
instruction. Hence, instructions do not operate concur-
rently in the programmer’s model. Most microprocessors
implement the sequential model which greatly simplifies
the programmer responsibilities since sequencing con-
trol is automatic and discrete.
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The M68000 coprocessor interface is designed to ex-
tend the programmers model and it provides full support
for the sequential, non-concurrent instruction execution
model. Hence, instruction execution by the coprocessor
is assumed to not overlap with instruction execution with
the main' microprocessor. Yet, the M68000 coprocessor
interface does allow concurrent operation when concur-
rency can be properly accommodated. For example, the
MC68881 floating-point coprocessor will allow the
MC68020 to proceed executing instructions while the
MC68881 continues a floating-point operation, up to the
point that the MC68020 sends another request to the
MC68881. Adhering to the sequential execution model,
the MC68881 completes each MC68881 instruction before
it starts the next, and the MC68020 is aIIowed to proceed
as it can in a concurrent fashion.

Coprocessors are divided into two types by thelr bus
utilization characteristics. A coprocessor is a DMA co-
processor if it can control the bus independent of the
main processor. A coprocessor is a non-DMA coproces-
sor if it does not have the capability of controlling the
bus. Both coprocessor types utilize the same protocol and
main processor resources.  Implementation of a copro-
cessor as a DMA or non-DMA type is based primarily on
bus bandwidth requirements of the coprocessor, per-
formance, and cost issues.

The communication protocol between the main pro-
cessor and the coprocessor necessary to execute a co-
processor instruction is based on a group of coprocessor
interface registers (Table 3) which are defined for the
M68000 Family coprocessor interface. The MC68020
hardware uses standard M68000. asynchronous bus cycles
to access the registers. Thus, the coprocessor doesn’t
require a special bus hardware; the bus interface imple-
mented by a coprocessor for its interface register set

Table 3. Coprocessor Interface Registers

Register Function RW
Response Requests Action from CPU R
Control CPU Directed Control W
Save Initiate Save of Internal State R
Restore Initiate Restore of Internal RW

State’
Operation Word Current Coprocessor W
- Instruction
Command Word Coprocessor Specific w
Command '
Condition Word Condition to be Evaluated . w
Operand 32-Bit Operand - RW
Register Select Specifies CPU Register or Mask R
Instruction Address |Pointer to Coprocessor C RW
- Instruction
Operand Address - | Pointer to Coprocessor RW
Operand
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must only satisfy the MC68020 address, data, and control
signal timing to guarantee proper communication with
the main processor. The MC68020 implements the com-
munication protocol with all coprocessors in hardware
{and microcode) and handles all operations automatically
so the programmer is only concerned with the instruc-
tions and data types provided by the coprocessor as ex-
tensions to the MC68020 instruction set and data types.

Other microprocessors in the M68000 Family can op-
erate any M68000 coprocessor even though they may not
have the hardware implementation of the coprocessor
interface as does the MC68020. Since the coprocessor is
operated through the coprocessor interface registers
which are accessed via normal asynchronous bus cycles,
the coprocessor may be used as a peripheral device. Soft-
ware easily emulates the communication protocol by ad-
dressing the coprocessor interface registers appropriately
and passing the necessary commands and operands re-
quired by the coprocessor.

The coprocessor interface registers are implemented
by the coprocessor in addition to those registers imple-
mented as extensions to the MC68020 programmer’s
model. For example, the MC68881 implements the co-
processor.interface registers shown in Table 3 and the
registers in the programming model, including eight 80-
bit floating-point data registers and three 32-bit control/
status registers used by the MC68881 programmer.

Up to eight coprocessors are supported in a single sys-
tem with a system-unique coprocessoridentifier encoded

in the coprocessor instruction. When accessing a copro-.

cessor, the MC68020 executes standard read and write
bus cycles in CPU address space, as encoded by the func-
tion codes, and places the coprocessor identifier on the
address bus to be used by chip-select logic to select the
particular coprocessor. Since standard bus cycles are used
to access the coprocessor, the coprocessor may be lo-
cated according to system design requirements, whether
it be located on the microprocessor local bus, on another
board on the system bus, or any other place where the
chip-select and coprocessor protocol using standard
M68000 bus cycles can be supported.

COPROCESSOR PROTOCOL

Interprocessor transfers are all initiated by the main
processor during coprocessor instruction execution. Dur-
ing the processing of a coprocessor instruction, the main
processor transfers instruction information and data to
the associated coprocessor, and receives data, requests,
and status information from the coprocessor. These
transfers are all based on the M68000 bus cycles.

The typical coprocessor protocol which the main pr04
cessor follows is:

a) The main processor initiates the communication
by writing command information to a location in
the coprocessor interface. )

b) The main processor reads the coprocessor re-
sponse to that information.

1) The response may indicate that the copro-
cessor is busy, and the main processor should
again query the coprocessor. This allows the
main processor and coprocessor to synchro-
nize their concurrent operations.
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2} The response may indicate some exception
condition; the main processor acknowl-
edges the exception and begins exception
processing.

3) The response may indicate that the copro-
cessor needs the main processor to perferm
some service such as transferring data to or
from the coprocessor. The coprocessor may
also request that the main processor query
the coprocessor agaln after the service is
complete.

4) The response may indicate that the main
processor is not needed for further process-
ing of the instruction. The communication is
terminated, and the main processor is free
to begin execution of the next instruction. At
this point in the coprocessor protocol, as the
main processor continues to execute the in-
struction stream, the main processor may
operate concurrently with the coprocessor.

When the main processor encounters the next copro-
cessor instruction, the main processor queries the co-
processor until the coprocessor is ready; meanwhile, the
main processor can go on to service interrupts and do a
context switch to execute other tasks, for example.

Each coprocessor instruction type has specific require-
ments based on this simplified protocol. The coprocessor
interface may use as many extension words as required
to implement a coprocessor instruction.

PRIMITIVES/RESPONSE

The response register'is the means by which the co-
processor communicates service requests to the main
processor. The content of the coprocessor response reg-
ister is a primitive instruction to the main processor which
is read during coprocessor communication by the main
processor. The main processor “executes” this primitive,
thereby providing the services required by the coproces-
sor. Table 4 summarizes the coprocessor primitives that
the MC68020 accepts.

EXCEPTIONS

KINDS OF EXCEPTIONS

Exceptions can be generated by either internal or ex-
ternal causes. The externally generated exceptions are
the interrupts, the bus error, and reset requests. The in-
terrupts are requests from peripheral devices for proces-
sor action while the bus error and reset pins are used for
access control and processor restart. The internally gen-
erated exceptions come from instructions, address er-
rors, tracing, or breakpoints. The TRAP, TRAPcc, TRAPV,
cpTRAPcc, CHK, CHK2, and DIV instructions can all gen-
erate exceptions as part of their instruction execution.
Tracing behaves like a very high priority, internally gen-
erated interrupt whenever it is processed. The other in-
ternally generated exceptions are caused by illegal
instructions, instruction fetches from odd addresses, and
privilege violations.
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Table 4. Coprocessor Primitives

Processor Synchronization
Busy with Current Instruction
Proceed with Next Instruction, If No Trace
Service Interrupts and Re-query, If Trace Enabled
Proceed with Execution, Condition True/False

Instruction Manipulation
Iransfer Operation Word
Transfer Words from Instruction Stream

Exception Handling
Take Privilege Violation if S Bit Not Set
Take Pre-Instruction Exception
Take Mid-Instruction Exception
Take Post-Instruction Exception

General Operand Transfer
Evaluate and Pass (ea)
Evaluate {ea) and Transfer Data
Write to Previously Evaluated (ea)
Take Address and Transfer Data
Transfer to/from Top of Stack

Register Transfer
Transfer CPU Register
Transfer CPU Control Register
Transfer Multiple CPU Registers
Transfer Multiple Coprocessor Registers
Transfer CPU SR and/or ScanPC

EXCEPTION PROCESSING SEQUENCE

Exception processing occurs in four steps. During the
first step, an internal copy is made of the status register.
After the copy is made, the special processor state bits
in the status register are changed. The S bit is set, putting
the processor into supervisor privilege state. Also, the T1
and TO bits are negated, allowing the exception handler
to execute unhindered by tracing. For the reset and in-
terrupt exceptions, the interrupt priority mask is also up-
dated.

In the second step, the vector number of the exception
is determined. For interrupts, the vector number is ob-
tained by a processor read that is classified as an interrupt
acknowledge cycle. For coprocessor detected exceptions,
the vector number is included in the coprocessor excep-
tion primitive response. For all other exceptions, internal
logic provides the vector number. This vector humber is
then used to generate the address of the exception vector.

The third step is to save the current processor status.
The exception stack frame is created and filled on the
supervisor stack. In order to minimize the amount of ma-
chine state that is saved, various stack frame sizes are
used to contain the processor state depending on the
type of exception and where it occurred during instruc-
tion execution. If the exception is an interrupt and the M
bit is on, the M bit is forced off, and a short four word
exception stack frame is saved on the master stack which
indicates that the exception is saved on the interrupt stack.
If the exception is a reset, the M bit is simply forced off,
and the reset vector is accessed.

The MC68020 provides an extension to the exception
stacking process. If the M bit in the status register is set,
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the master stack pointer (MSP) is used for all task related
exceptions. When a non-task related exception occurs
(i.e., an interrupt), the M bit is cleared and the interrupt
stack pointer (ISP) is used. This feature allows all the
task’s stack area to be carried within a single processor
control block and new tasks may be initiated by simply
reloading the master stack pointer and setting the M bit.

The fourth and last step of exception processing is the
same for all exceptions. The exception vector offset is
determined by multiplying the vector number by four.
This offset is then added to the contents of the vector
base register {VBR} to determine the memory address of
the exception vector. The new program counter value is
fetched from the exception vector. The instruction at the
address given in the exception vector is fetched, and nor-
mal instruction decoding and execution is started.

ON-CHIP INSTRUCTION CACHE

Studies have shown that typical programs spend most
of their execution time in a few main routines or tight
loops. This phenomenon is known as locality of refer-
ence, and has an impact on performance of the program.
The MC68010 takes limited advantage of this phenom-
enon in the form of its loop mode operation which allows
certain instructions, when coupled with the DBcc instruc-
tion, to execute without the overhead of instruction
fetches. In effect this is a three word cache. Although the
cache hardware has been supplied in a full range of com-
puter systems for many years, technology now allows
this feature to be integrated into the microprocessor.

MC68020 CACHE GOALS

There were two primary goals for the MC68020 micro-
processor cache. The first design goal was to reduce the
processor external bus activity. In a given M68000 sys-
tem, the MC68000 processor will use approximately 80
to 90 percent (or greater) of the available bus bandwidth.
This is due to its extremely efficient prefetching algorithm
and the overall speed of its internal architecture design.
Thus, in an M68000 system with more than one bus mas-
ter (such as a processor and DMA device) or in a multi-

. processor system, performance degradation can occur

due to lack of available bus bandwidth. Therefore, an
important goal for an MC68020 on-chip cache was to
provide a substantial increase in the total available bus
bandwidth.

The second primary design goal was to increase ef-
fective CPU throughput as larger memory sizes or slower
memories increased average access time. By placing a
high speed cache between the processor and the rest of
the memory system, the effective access time now be-
comes:

tace = h*tcache + (1—h)*teyt

where t .. is the effective system access time, tgache is
the cache access time, tgyy is the access time of the rest
of the system, and h is the hit ratio or the percentage of
time that the data is found in the cache. Thus, for a given
system design, an MC68020 on-chip cache provides a
substantial CPU performance increase, or allows much
slower and less expensive memories to be used for the
same processor performance.
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The throughput increase in the MC68020 is gained in
two ways. First, the MC68020 cache is accessed in two
clock cycles versus the three cycles (minimum) required
for an external access. Any instruction fetch that is cur-
rently resident in the cache will provide a 33% improve-
ment over the corresponding external access.

Second, and probably the most important benefit of
the cache, is that it allows instruction stream fetches and
operand accesses to proceed in parallel. For example, if
the MC68020 requires both an instruction stream access
and an operand access, and the instruction is resident in
the cache, the operand access will proceed unimpeded
rather than being queued behind the instruction fetch.
Similarly, the MC68020 is fully capable of executing sev-
eral internal instructions {instructions that do not require
the bus) while completing an operand access for another
instruction.

The MC68020 instruction cache is a 256-byte direct
mapped cache organized as 64 long word entries. Each
cache entry consists of a tag field made up of the upper
24 address bits, the FC2 (user/supervisor) value, one valid
bit, and 32 bits of instruction data (Figure 5).

The MC68020 employs a 32-bit data bus and fetches
instructions on long word address boundaries. Hence,
each 32-bit instruction fetch brings in two 16-bit instruc-
tion words which are then written into the on-chip cache.
When the cache is enabled, the subsequent prefetch will

find the next 16-bit instruction word is already present in
the cache and the related bus cycle is saved. If the cache
were not enabled, the subsequent prefetch will find the
bus controller still holds the full 32 bits and can satisfy
the prefetch and again save the related bus cycle. So,
even when the on-chip instruction cache is not enabled,
the bus controller provides an instruction “cache hit" rate
up to 50%.

SIGNAL DESCRIPTION

The MC68020 is offered in a 114 lead pin-grid array
package {(PGA). Figure 6 illustrates the functional signal
groups and Table 5 lists the signals and their function.

The Ve and GND pins are separated into four groups
to provide individual power supply connections for the
address bus buffers, data bus buffers, and all other output
buffers and internal logic.

Group Vee GND
Address Bus Ag, D3 A10, B9, C3, F12
Data Bus M8, N8, N13 L7, L11, N7, K3
Logic D1, D2, E3, G11, G13 | G12, H13, J3, K1
Clock — B1

MC68020 PRETCH ADDRESS

FFE[A AAAAAAAAAAAAAAAAAAAAAAAA
CcCl{3e o 222211111111 110000000¢0°00
21 0|1 3210098765432 1089876543210
|
— | f— |< TAG e
R n l«—— INDEX
7 7 46 |
WORD ' SELECT
% ! 16 16
2 TAG v WORD | WORD-
. O 0
. . .
10F 64 . . .
SELECT . . .

—— TAG REPLACE——T

COMPARATOR

32
L—-—L,L— REPLACEMENT DATA

16

TO INSTRUCTION PATH

HIT > CACHE CONTROL

Figure 5. MC68020 On-Chip Cache Organization
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D0-D31
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ASYNCHRONOUS BUS CONTROL 1
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IPEND
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AVEC
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INTERRUPT CONTROL
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BUS EXCEPTION CONTROL
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Figure 6. Functional Signal Groups
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Table 5. Signal Index

Signal Name Mnemonic Function

Address Bus A0-A32 32-bit address bus used to address any of 4,294,967,296 bytes.

Data Bus DO0-D31 32-bit data bus used to transfer 8, 16, 24, or 32 bits of data per bus cycle.

Function Codes FCO-FC2 3-bit function code used to identify the address space of each bus cycle.

Size SI1Z0/S1Z1 Indicates the number of bytes rerﬁaining to be transferred for this cycle.
These signals, together with A0 and A1, define the active sections of the
data bus.

Read-Modify-Write Cycle RMC Provides an indicator that the current bus cycle is part of an indivisible
read-modify-write operation.

External Cycle Start ECS Provides an indication that a bus cycle is beginning.

Operand Cycle Start 0CS Identical operation to that of ECS except that OCS is asserted only during
the first bus cycle of an operand transfer.

Address Strobe AS Indicates that a valid address is on the bus.

Data Strobe DS Indicates that valid data is to be placed on the data bus by an external
device or has been placed on the data bus by the MC68020.

Read/Write RW Defines the bus transfer as an MPU read or write.

Data Buffer Enable DBEN Provides an enable signal for external data buffers.

Data Transfer and Size Acknowledge | DSACKO/DSACKT | Bus response signals that indicate the requested data transfer operation
is completed. In addition, these two lines indicate the size of the external
bus port on a cycle-by-cycle basis.

Cache Disable cDIS ‘ Dynamically disables the on-chip cache to assist emulator support.

Interrupt Priority Level IPLO-IPL2 Provides an encoded in‘terrupt level to the processor.

Autovector AVEC . Requests an autovector during an interrupt acknowledge cycle.

Interrupt Pending m Indicates that an interrupt is pending.

Bus Request BR Indicates that an external device requires bus mastership.

Bus Grant BG Indicates that an external device may assume bus mastership.

Bus Grant Acknowledge BGACK Indicates that an external device has assumed bus mastership.

Reset RESET System reset.

Halt HALT Indicates that the processor should suspend bus activity.

Bus Error BERR Indicates an invalid or illegal bus operation is being attempted.

Clock CLK Clock input to the processor.

Power Supply Vee +5 volt = 5% power supply.

Ground GND Ground connection.
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MC68020

ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

. B This device contains protective circuitry against
Rat Val
ating Symbol alue Unit damage due to high static voltages or electrical
Supply Voltage Vee -0.3to +7.0 \ fields; however, it is advised that normal pre-
; Vol cautions be taken to avoid application of any
nput Voltage Vin =031t0 +7.0 \ voltages higher than maximum-rated voltages
Operating Temperature Range T 0to 70 oc to this high-impedance circuit. Reliability of op-
- eration is enhanced if unused inputs are tied to
Storage Temperature Range Tstg -55 to 150 °C an appropriate logic voltage level (e.g., either
GND or Vcc).
THERMAL CHARACTERISTICS — PGA PACKAGE )
Characteristic Symbol Value Rating
Thermal Resistance — Ceramic : °CwW
Junction to Ambient 04A 30
Junction to Case 0c n

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be
obtained from:
Ty=TA+(Pp-6ya) (1)
where:
TA =Ambient Temperature, °C
fJA =Package Thermal Resistance, Junction-to-
Ambient, °C/W
PD =PINT+PI/O
PINT=Icc x Vce, Watts — Chip Internal Power
P10 = Power Dissipation on Input and Output
Pins — User Determined
For most applications Pj;0 <P|NT and can be neglected.
An approximate relationship between Pp and T (if P|/Q is
neglected) is:

Pp=K =+ (Ty+273°C) {2)
Solving equations (1) and {2) for K gives:
K=Ppe(TA+273°C) +6Pp2 (3)

where K is a constant pertaining to the particular part. K can
be determined from equation (3) by measuring Pp (at equi-
librium) for a known TA. Using this value of K, the values of
Pp and T can be obtained by solving equations (1) and (2)
iteratively for any value of TA.

420
HALT
I|30 pF

lmn pF

Figure 7. RESET Test Load  Figure 8. HALT Test Load

M68000 FAMILY
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The total thermal resistance 'of a package (6ja) can be
separated into two components, §Jc and 0CA, representing
the barrier to heat flow from the semiconductor junction to
the package (case) surface (6)c) and from the case to the
outside ambient (ca). These terms are related by the
equation: -

oga=0Jc+6ca (4)
6yc is device related and cannot be influenced by the user.
However, fca is user dependent and can be minimized by
such thermal management techniques as heat sinks, ambient
air cooling and thermal convection. Thus, good thermal man-
agement on the part of the user can significantly reduce 6ca
so that 6 A approximately equals 6 jc. Substitution of 8¢ for
6 A in equation (1) will result in a lower semiconductor junction
temperature.

Values for thermal resistance presented in this document,
unless estimated, were derived using the procedure described
in Motorola Reliability Report 7843, ““Thermal Resistance Mea-
surement Method for MC68XX Microcomponent Devices,”
and are provided for design purposes only. Thermal measure-
ments are complex and dependent on procedure and setup.
User derived values for thermal resistance may differ.

5V

TEST Mmos1s0 S R*

POINT OR EQUIVALENT

MMOD7000

C|_ =50 pF for ECS and OCS OR EQUIVALENT

C =130 pF for all other {includes all parasitics)
RL=6.0 k@ =
R *=1.22 kQ for A0-A31, D0-D31, BG, FCO-FC2, SIZ0-S1Z1
R =2k for ECS, OCS

R =740 Q for AS, DS, R/W, RMC, OBEN, iPEND

Figure 9. Test Load
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MC68020

DC ELECTRICAL CHARACTERISTICS (V¢ =5.0 Vdc=5%; GND=0 Vdc; Ty =0 to 70°C; see Figures 7, 8, and 9)

Characteristic Symbol Min Max Unit

Input High Voltage : ViH 2.0 Vee \

Input Low Voltage S ‘ viL GND | 08 v

. ' -0.5

‘Input Leakage Current  BERR, BR, BGACK, CLK, IPLO-IPL2, AVEC, CDIS, DSACK0, DSACK1 lin -1.0 1.0 pA
GND = Vi, < Ve HALT, RESET -20 20

Hi-Z {Off-State) Leakage Current | _ A0-A31, AS, DBEN, DS, D0-D31, FCO-FC2,| Itg) -20 20 nA
@ 2.4VI05V ' R/W, RMC, SIZ0-SIZ1

Output High Voltage A0-A31, AS, BG, D0-D31, DBEN, DS, ECS, RW, IPEND,| Vgy 2.4 — \Y
IoH =400 pA OCS, RMC, SI120-S1Z1, FC0-FC2 o ]

Output Low Voltage VoL )
lopL=3.2mA AO A31, FCO-FC2, $120-S121, BG, D0-D31 . — 0.5
IOL=5.3 mA AS, DS, R/W, RMC, DBEN, IPEND —_ 0.5
loL=2.0 mA ECS, 0CS — 0.5
IoL=10.7 mA HALT, RESET — 0.5

Power Dissipation (Tp=0°C) f=25 MHz| Pp - 2.0 w

f=33.33 MHz

Capacitance (see Note 1) Cin — 20 pF

- Vjn=0V, TA=25%C, f=1 MHz

NOTE 1. Capacitance is periodically sémpled rather than 100% tested.

AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (see Figure 10)

125 MHz | 16.67 MHz 20 MHz 25 MHz* 33.33 MHz )
Num. Characteristic - - - - Unit
: Min | Max | Min | Max | Min | Max [ Min | Max | Min | Max
' Frequency of Operation ‘ 8 125 8 16.67 | 125 | 20 12.5 25 125 {33.33( MHz
1 |Cycle Time 80 125 60 125 | 50 80 40 80 .30 80 ns
2,3 |Clock Pulse Width (Measured from 1.5V 32 87 24 95 20 54 19 61 14 66 ns
to 1.5 V for 25 and 33.33 MHz) : .
4,5 |Rise and Fall Times — 5 — 5 — 5 — 4 — 3 ns

*These specifications represent an improvement over.previously published specifications fof the 25 MHz MC68020 and are valid
only for product bearing date codes of 8827 and later.

/L

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, 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 volts and 2.0 volts. :

Figure 10. Clock Input Timing Diagram
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (V¢ =5.0 Vdc =5%; GND=0 Vdc; T =0 to 70°C;

see Figures 12, 13, and 14)

MC68020

Num. - Characteristic 12.5 MHz 16.67 MHz 20 MHz 25 MHz* 33.33 MHz Unit
Min | Max | Min | Max | Min [ Max | Min | Max | Min | Max
6 [Clock High to Address, FC, Size, RMC Valid 0 40 0 30 0 25 0 25 0 21 ns
6A [Clock High to ECS, OCS Asserted 0 30 0 20 0 15 0 12 0 10 ns
7 |Clock High to Address, Data, FC, Size, RMC, 0 | 80 0 60 0 50 0 40 0 30 ns
High Impedance
8 |Clock High to Address, FC, Size, RMC Invalid [ 0 — 0 — 0 — 0 — 0 — ns
9 |Clock Low to AS, DS Asserted 3 |4 | 3 30 3 25 3 | 18] 3 15 | ns
9A1 |AS to DS Assertion (Read) (Skew) -20| 20 | -15| 15 | =10| 10 | -10| 10 | —-10| .10 ns
9811 |AS Asserted to DS Asserted {Write) a7 | — |37 | — |32 —| 27| =] 2| =] ns
10 |ECS Width Asserted 25 | — |20 | — |15 ] — |15 —=]10]—1]ns
10A |OCS Width Asserted 25 - 20 .| — 15 —_ 15 —_ 10 —_ ns
10B7 |ECS, OCS Width Negated 20 | — |15 — | 10| — 5 — 5 — | ns
11 |Address, FC, Size, RMC Valid to AS 20 — 15 — 10 — |. 6 — 5 — ns
(and DS Asserted Read)
12 [Clock Low to AS, DS Negated 0 |4 | 0 30 25 | o [ 15| 0 15 | ns
12A |Clock Low to ECS, OCS Negated 0 40 0 30 25 0 15 0 15 | ns
13 [AS, DS Negated to Address, FC, Size, 20 — 1| —|1w0] —=|1w0|]—=1]5]|—1ns
RMC Invalid
14 |AS (and DS Read) Width Asserted 120 — |w0| — |8 | — |70 | — |5 | —|ns
14A |DS Width Asserted Write 50 - 40 — 38 — 30 — 25 — ns
15 |AS, DS Width Negated 50 | — | 40 | — | 38| — |3 | —|23| —|ns
15A8 |DS Negated to AS Asserted 46 | — | 3 | — [ 3 | — | 25| — | 18] — | ns
16 [Clock High to AS, DS, R/W, DBEN — | 80 | — |60 | — |80 | — |4 | — | 30| ns
High Impedance
17 |AS, DS Negated to R/W Invalid 20| — | 15| —=1]10] —1|10]— 5 — | ns
18 |Clock High to RAW High 0 40 0 30 0 25 0 20 0 15 ns
20 |Clock Righ to RAW Low 0 40 0 30 0 25 0 20 0 15 ns
21 |RAW High to AS Asserted 20 | — | 15| — | 10| — 5 — 5 — | ns
22 |RW Low to DS Asserted (Write) 90 _ 75 - 60 — 50 —_ 35 - ns’
23 |(Clock High to Data Out Valid — 40 — 30 — 25 — 25 — 18 ns
25 |DS Negated to Data Out Invalid 20| — |15 —1]10] — 5 - 5 — | ns
25A9 | DS Negated to DBEN Negated (Write) 20 | — | 15| = | 10| — 5 — 5 — | ns
26 |Data Out Valid to DS Asserted (Write) 20 — 15 — 10 — 5 — 5 — ns
27 |Data-In Valid to Clock Low (Data Setup) 10 — | 5 — 5 —_ 5 — 5 — ns
27A |Late BERR/HALT Asserted to Clock Low 25 — 20 — 15 — 10 — 5 — ns
Setup Time
28 |AS, DS Negated to DSACKx, BERR, HALT, o |10 o 80 0 65 0 50 0 40 | ns
’ AVEC Negated
29 |DS Negated to Data-In Invalid 0 -_ 0 — 0 — 0 — 0 — ns
(Data-In Hold Time)
29A |DS Negated to Data-In {High Impedance) — 80 -— 60 — 50 — 40 — 30 ns
312 |DSACKx Asserted to Data-In Valid — 60 [ — 50 | — | 43 | — | 32 | — 17 | ns
31A3 [DSACKx Asserted to DSACKx Valid — ]2 | —|15{—|100|—=]10|—1]1]ns
: (DSACK Asserted Skew) ’

L____________________________________________________________________________|
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MC68020

AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Continued)

Num. | Characteristic ' . 125 MHz | 16.67 MHz | 20 MHz 2-5 MHz* 33t.33 MHz Unit
. : Min | Max | Min [ Max | Min | Max | Min { Max | Min | Max
32 |RESET Input Transition Time o — 15| — 18| — 15| — | 15| — | 1.5 | Clks
33 |Clock Low to BG Asserted 0 40 0 30 0 25 0 20 0 20 ns
34 |Clock Low to BG Negated 0 40 0 30 0 25 0 20 0 20 ns
35 |BR Asserted to BG Asserted (RMC 15| 35| 15 | 35|15 |35 | 15|35 | 15| 35 ]Clks
Not Asserted) .

37 |BGACK Asserted to BG Negated 15 | 35|15 | 35|15 | 35| 15| 35| 15| 35 | Clks
37A8 |BGACK Asserted to BR Negated 0 15 0 1.5 0 | 15 0 1.5 0 1.5 | Clks
39 [BG Width Negated 20| — |90 | — | 75| —|[60| — |58 | — | ns
39A |BG Width Asserted 120 — |90 | — | 75| — |60 | — | 50| — | ns
40 |Clock High to DBEN Asserted (Read) 0 40 0 30 0 25 0 20 0 15 | ns
41 |Clock Low to DBEN Negated (Read) 0 40 0 30 0 25 0 20 0 15| ns
42 |Clock Low to DBEN Asserted (Write) 0 40 0 30 0 25 0 20| 0 15 | ns
43 |Clock High to DBEN Negated (Write) 0 40 0 30 0 25 0 20 0 15 | ns
44 |RAW Low to DBEN Asserted (Write) 20 — |18 —]10 | —|10]— 5 — | ns
455 |DBEN Width Asserted Read | 80 | — | 60 | — | 50 | — | 40 | — | 30 | — | ns

Write | 160 | — | 120 | — | 100 | — | 80 | — | 60 [ —
46 |RAW Width Valid (Write or Read) 80| — |10 — |128| — |100]| — | 75| — | ns
47A |Asynchronous Input Setup Time 10 — 5 — 5 — 5 — 5 — ns
47B |Asynchronous Input Hold Time 20 — 15 — 15 — 10 — 10 — | ns
484 |DSACKx Asserted to BERR, HALT Asserted — (3% | — (3| —|2|— |18 —1|15]ns
53 |Data Out Hold from Clock High 0 — 0 — 0 — 0 — 0 — ns
55 |R/W Valid to Data Bus Impedance Change 40 - 30 — 25 — 20 — 20 — ns
56 |RESET Pulse Width (Reset Instruction) 512 | — [ 812 | — | 812 | — | 512 — | 812 | — | Clks
57 |BERR Negated to HALT Negated (Rerun) 0 — 0 — 0 — 0 — 0 — ns
5810 |BGACK Negated to Bus Driven 1 — 1 - 1 — 1 — 1 — | Clks
5910 |BG Negated to Bus Driven 1 — 1 — 1 — 1 — 1 — | Clks

*These specifications represent an improvement over previously published specifications for the 256 MHz MC68020 and are valid only
for product bearing date codes of 8827 and later.

NOTES:

1. This number can be reduced to 5 nanoseconds if strobes have equal loads.

2. If the asynchronous setup time (#47A) requirements are satisfied, the DSACKx low to data setup time (#31) and DSACKx low
to BERR low setup time (#48) can be ignored. The data must only satisfy the data-in to clock low setup time {#27) for the
following clock cycle and BERR must only satisfy the late BERR low to clock low setup time (#27A) for the following clock
cycle.

3. This parameter specifies the maximum allowable skew between DSACKO to DSACKT asserted or DSACK1 to DSACKO asserted
specification #47A must be met by DSACKO or DSACK1.

4. This specification applies to the first (DSACKO or DSACK1) DSACKx signal asserted. In the absence of DSACKx, BERR is an
asynchronous input using the asynchronous input setup time {#47A).

5. DBEN may stay asserted on consecutive write cycles.

6. The minimum values must be met to guarantee proper operation. If this maximum value is exceeded, BG may be reasserted.

7. This specification indicates the minimum high time for ECS and OCS in the event of an internal cache hit followed immediately
by a cache miss or operand cycle. _ _

8. This specification guarantees operation with the MC68881/MC68882, which specifies a minimum time for DS negated to AS
asserted (specification #13A in the MC68881/MC68882 User’s Manual). Without this specification, incorrect interpretation of
specifications #9A and #15 would indicate that the MC68020 does not meet the MC68881/MC68882 requirements.

9. This specification allows a system designer to guarantee data hold times on the output side of data buffers that have output
enable signals generated with DBEN.

10. These specifications allow system designers to guarantee that an alternate bus master has stopped dnvmg the bus when the
MC68020 regains control of the bus after an arbitration sequence.

11, This specification allows system designers to qualify the CS signal of an MC68881/MC68882 with AS (allowing 7ns for a gate
delay and still meet the CS to DS setup time requirement (specification 8B) of the MC68881/MC68882.

MOTOROLA : M68000 FAMILY
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AC ELECTRICAL SPECIFICATIONS DEFINITIONS

The AC specifications presented consist of output de-
lays, input setup and hold times, and signal skew times.
All signals are specified relative to an appropriate edge
of the MC68020 clock input and, possibly, relative to one
or more other signals.

The measurement of the AC specifications is defined
by the waveforms in Figure 11. In order to test the pa-
rameters guaranteed by Motorola, inputs must be driven
to the voltage levels specified in Figure 11. Outputs of

DRIVE
TO 24V l

‘ A0V
DRIVE _1

CLK

MC68020

the MC68020 are specified with minimum and/or maxi-
mum limits, as appropriate, and are measured as shown.
Inputs to the MC68020 are specified with minimum and,
as appropriate, maximum setup and hold times, and are
measured as shown. Finally, the measurements for sig-
nal-to-signal specifications are also shown.

Note that the testing levels used to verify conformance
of the MC68020 to the AC specifications does not affect
the guaranteed DC operation of the device as specified
in the DC electrical characteristics.

/ 20V
08V BC 08V

f——— A —]
1005V > 8 |<
VALID 20V

QUTPUTS(1) CLK

20V
08V OUTPUT n +1

VALID

OUTPUT n 08V

OUTPUTS(2) CLK

DRIVE

A —>
—{ B fe—

—_—
VALID 20V 20V vALID
OUTPUTNn 08V L 08 V 0UTPUTn -1

C —t— D —>

T0 24V
DRIVE >

INPUTS{3) CLK

20V yauD. 20V 2
08V INPUT 08V

To005V

INPUT{4) CLK

ALL SIGNALS(5)

NOTES:

C —>te— D—>
J < DRIVE
20V VALID 20V }@ 1024V
08V INPUT 08V < DRIVE
TOO0SV

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.
. Minimum output hold time.
. Minimum input setup time specification.

. Signal valid to signal valid specification {(maximum or minimum).
. Signal valid to signal invalid specification (maximum or minimum).

B
C
D. Minimum input hold time specification.
E
F

Figure 11. Drive Levels and Test Points for AC Specifications
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MC68020

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They, are not intended as a functional description of the input and output signals. Refer to other functional descnptlons
and their related dlagrams for device operation. ) .
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ASTACHRONOUS B [

INPUTS —} @
NOTE: ’ -

Timing measurements are referenced to and from a low voltage of 0.8 volts and a hlgh vollage of 2.0 volts, unless otherwise noted.
The voltage swing through this range should start outside and pass Ihrough the range such that the rise or fall will be linear between
0.8 volts and 2.0 volts. : :

-~ Figure 12. Read-Cycle Timing Diagram )
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MC68020

These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, 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 valts and 2.0 volts.

Figure 13. Write-Cycle Timing Diagram
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MC68020

These waveforms should only be referenced in regard to.the edge-to-edge measurement of the timing specifications.
They are not intended as a functional description of the input and output signals. Refer to other functional descriptions
and their related diagrams for device operation.
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NOTE:
Timing measurements are referenced to and from a low volitage of 0.8 volts and a high voltage of 2.0 volts, 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 volts and 2.0 volts.

Figure 14. Bus Arbitration Timing Diagram
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MC68020

PIN ASSIGNMENT

N/O O O 0O OO OO O O 0O o_\
D31 D28 D25 D22 D20 DI7 GND Vgg D14 DI2 DS D8 Vg
M O O 0O OO OO O O O O 0 O
DS D29 D26 D24 D21 D18 D16 VCC D13 DI0O D6 D5 D4
I] ©O 0O O OO O OO 0O O0 O O
AS RW D30 D27 D23 D19 GND D15 D11 D7 GND D3 D2
k] o o o o o
GND HALT GND D1 DO
J/|_ 0 0 o o O
DSACK1 BERR GND L0 TPLI 3
Hl O O O o o
TDIS AVEC DSACKD iPLZ GND
6| © 0 © O 0 ©
ECS SIZ1 DBEN Voo GND V,
cc cc
Fl O o o o o
Siz0 FC2 FCY GND TPEND
Ef O O O o O
FCO RMC Vg A2 0CS
o] o o o o O
Vee Vee Veeo AMA3
c] © 0 0 00000 OO O 0 O
RESETCLOCKGND A0 A29 A25 A21 A17 A16 A12 A3 A7 AS
Bl o o 0 o o 0O 0O O OO O O
GND BG BR A30 A22 A2 A2 A8 GND Al5 A13 Al0 A6
Al O 0O O OOOO OO O 0 0 O
BGACK Al A3l A28 A% A2 A2 A19 Vee GND Al4 ATl A8/
1 2 3 4

5 6 7 8 9 10 11 12 13
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Technical Summary

Second Generation | |
32-Bit Enhanced Microprocessor

The MC68030 is the industry’s second generation 32-bit enhanced microprocessor. The MC68030 is
a virtual memory microprocessor based on an MC68020 core with additional enhanced performance
features. Increased internal parallelism is provided by multiple internal data buses and address buses
3 and a versatile bus controller that supports two-clock cycle bus accesses and one-clock cycle burst

accesses in order to maximize performance with paged mode, nibble mode, and static column DRAM

technology. A 256-byte on-chip instructior cache in addition to a 256-byte data cache improves data
flow to the execution unit and further boosts performance. On-chip paged memory management re-
duces the minimum physical hus cycle time to two clocks, and provides zero translation time to any
bus cycle. The paged memory management structure can be enabled/disabled by software for applica-
tions not requiring the memory management feature. The rich instruction set and addressing modes
of the MC68020 have been maintained allowing a clear migration path for M68000 systems.
The main features of the MC68030 are:
Object Code Compatible wlth the MC68020 and Earlier M68000 Mlcroprocessors
Complete 32-Bit Non-Multiplexed Address and Data Buses
Sixteen 32-Bit General Purpose Data and Address Registers
Two 32-Bit Supervisor Stack Pointers and 10 Special Purpose Control Registers
256-Byte Instruction Cache and 256-Byte Data Cache that can be Accessed Slmultaneously
Paged Memory Managemem Umt that Translates Addresses in Parallel with Instruction Execution
Two Transp_arent _Segm_ents Allow Un’(ranslated Blocks to be Defined for Systems that Transfer
Large Blocks of Data to Predefined Addresses, e.g., Graphics Applications
® Pipelined Architectyre with Increased Parallelism Allows Accesses from Internal Caches to Occur in

Parallel with Bus Transfers and Multiple Instructions to be Executing Concurrently
® Enhanced Bus Controller Supports Asynchronous Bus Cycles, Synchronous Bus Cycles that can Op-
erate in Two Clocks, and Burst Data Transfers that can Operate in One Clock, all with Physical Ad-
dresses
Dynamic Bus Sizing S‘u_pp'orts 8-/16-/32-Bit Memories and Peripherals
Complete Support for Coprocessors with the M68000 Coprocessor Interface
4-Gigabyte Direct Addressing Range
Implemented in Motorola’s HCMOS Technology that Allows CMOS and HMOS (High Density NMOS)
Gates to be Combined for Maximum Speed, Low Power, and Small Die Size
® Selection of Processors Speeds: 16.67 and 20 MHz

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC68030

INTRODUCTION

The MC68030 is an enhanced 32-bit HCMOS micropro-
cessor that incorporates the capabilities of the MC68020
MPU, an on-chip data cache, an on-chip instruction cache,
an improved bus controller, multiple internal data buses,

multiple internal instruction buses, and an on-chip paged

memory management structure defined by the MC68851
Paged Memory Management Unit. The MC68030 main-
tains the 32-bit registers available with the entire M68000
Family as well as the 32-bit address and data paths, rich
instruction set, versatile addressing modes, and flexible
coprocessor interface provided with the MC68020. In ad-
dition, the internal operations of this integrated processor
are designed to operate in parallel, allowing multiple in-
structions to be executed concurrently. It allows.allows
instruction execution to proceed in parallel with accesses
to the internal caches, the on-chip memory management
unit, and the bus controller.

The MC68030 fully supports the non-multiplexed asyn-
chronous bus of the MC68020 as well as a dynamic bus
sizing mechanism that allows the processor to transfer
operands to or from external devices while automatically
determining device port size on a cycle-by-cycle basis. In
addition to the asynchronous bus, the MC68030 also sup-
ports a fast synchronous bus for off-chip caches and fast
memories. Further, the MC68030 bus is capable of fetch-
ing up to four long words of data in a burst mode com-
patible with DRAM chips that have burst capability. Burst
mode can reduce by up to 50% the time necessary to
fetch the four long words. The four long words are used
to prefill the on-chip instruction and data caches so that
the hit ratio of the caches improves and the average ac-
cess time for operand fetches is minimized.

The block diagram shown in Figure 1 depicts the major
sections of the MC68030 and illustrates the autonomous
nature of these blocks. The bus controller consists of the
address and data pads, the multiplexors required to sup-
port dynamic bus sizing, and a macro bus controller which
schedules the bus cycles on the basis of priority. The
micromachine contains the execution unit and all related
control logic. Microcode control is provided by a modified
two-level store of microrom and nanorom contained in
the micromachine. Programmed logic arrays (PLAs) are
used to provide instruction decode and sequencing in-
formation. The instruction pipe and other individual con-
trol sections provide the secondary decode of instructions
and generate the actual control signals that result in the
decoding and interpretation of nanorom and microrom
information.

The instruction and data cache blocks operate inde-
pendently from the rest of the machine, storing-infor-
mation read by the bus controller for future use with very
fast access time. Each cache resides on its own address
and data buses, allowing simultaneous access to both.
Both the caches are organized as 64 long word entries
(256 bytes) with a block size of four long words. The data
cache uses a write-through policy with no write allocation
on cache misses.

Finally, the memory management unit controls the
mapping of addresses for page sizes ranging from 256
bytes to 32K bytes. Mapping information stored in de-
scriptors resides in translation tables in memory that are
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automatically searched by the MC68030 on demand. Re-
cently-used descriptors are maintained in a 22-entry fully
associative cache called the Address Translation Cache
(ATC) allowing address translation and other MC68030
functions to occur simultaneously. Additionally, the
MC68030 contains two transparent translation registers
that can be used to define a one-to-one mapping for two
segments ranging in size from 16M bytes to 4G bytes
each.

PROGRAMMING MODEL

As shown in the programming models (Figures 2 and
3), the MC68030 has sixteen 32-bit general purpose reg-
isters, a 32-bit program counter, two 32-bit supervisor
stack pointers, a 16-bit status register, a 32-bit vector base
register, two 3-bit alternate function code registers, two
32-bit cache handling (address and control) registers, two
64-bit root pointer registers used by the MMU, a 32-bit
translation control register, two 32-bit transparent trans-
lation registers, and a 16-bit MMU status register. .Reg-
isters DO-D7 are used as data registers for bit and bit field
(1 to 32 bit), byte (8 bit), word (16 bit), long word (32 bit),
and quad word {64 bit) operations. Registers A0-A6 and
the user, interrupt, and master stack pointers are address
registers that may be used as software stack pointers or
base address registers. In addition, the address registers
may be used for word and long word operations. All of
the 16 (D0-D7, A0-A7) registers may be used as index

‘registers.

The status register (Figure 4) contains the |merrupt
priority mask (three bits) as well as the condition codes:
extend (X), negate (N), zero (Z), overflow (V), and carry
(C). Additional control bits indicate that the processor is
in the trace mode (T1 or T0), supervisor/user state (S),
and master/interrupt state (M).

All microprocessors of the M68000 Family support in-
struction tracing (via the TO status bit in the MC68030)
where each instruction executed is followed by a trap to
a user-defined trace routine. The MC68030 also has the
capability to trace only on the change of flow instructions
(branch, jump, subroutine call and return, etc.) using the
T1 status bit. These features are important for software
program development and debug.

. The vector base register is used to determine the run-
time location of the exception vector table in memory,
hence it supports multiple vector tables so each process
or task can properly manage exceptions independent of
each other.

The M68000 Family processors distinguish address
spaces as supervisor/user, program/data, and CPU space.
These five combinations are specified by the function
code pins, FCO-FC2, during bus cycles, indicating the par-
ticular address space. Using the function codes, the mem-
ory subsystem (hardware) can distinguish between
supervisor mode accesses and user accesses as well as
program ace data acc and CPU space ac-
cesses. Additionally, the system software can configure
the on-chip MMU so that supervisor/user privilege check-
ing is performed by the address translation mechanism
and the look-up of translation descriptors can be differ-
entiated on the basis of function code. To support the full
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Figure 2. User Programming Model

privileges of the supervisor, the alternate function code
registers allow the supervisor to specify the function code
for an access by preloading the SFC/DFC registers ap-
propriately.

The cache registers {control - CACR, address — CAAR)
allow supervisor software manipulation of the on-chip
instruction and data caches. Control and status accesses
to the caches are provided by the cache control register
(CACR), while the cache address register (CAAR) specifies
the address for those cache control functions that require
an address.

All of the MMU registers (CRP, SRP, TC, TT0, TT1, and
PSR) are accessible by the supervisor only. The CPU root
pointer contains a descriptor for the first pointer to be
used in the translation table search for page descriptors
pertaining to the current task. If the SRE (Supervisor Root

M68000 FAMILY
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pointer Enable) bit of the translation control register is
set, the supervisor root pointer is used as a pointer to
the translation tables for all supervisor accesses. If the
SRE bit is clear, this register is unused and the CPU root
pointer is used for both supervisor and user translations.
The translation control register configures the table look-
up mechanism to be used for all table searches as well
as the page size and any initial shift of logical address
required by the operating system. In addition, this reg-
ister has an enable bit that enables the MMU. The trans-
parent translation registers can be used to define two
transparent windows for transferring large blocks of data
with untranslated addresses. Finally, the MMU status reg-
ister (PSR) contains status information related to a spe-
cific address translation and the results generated by the
PTEST instruction. This information can be useful in lo-
cating the cause of an MMU fault.

MOTOROLA
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DATA TYPES AND ADDRESSING MODES

Seven basic data types are supported on the MC68030.
These are:
® Bits i
® Bit Fields (String of consecutive bits, 1-32 bits long)
® BCD Digits (Packed: 2 digits/byte, Unpacked: 1 digit/
byte)
® Byte Integers (8 bits)
® Word Integers (16 bits)
® Long Word Integers (32 bits)
e Quad Word Integers (64 bits)
In addition, operations on other data types, such as mem-
ory addresses, status word data, etc., are provided in the
instruction set. The coprocessor mechanism allows direct
support of floating-point data types with the MC68881
floating-point coprocessor, as well as specialized user-
defined data types and functions.
The 18 addressing modes, shown in Table 1, include
nine basic types:
Register Direct
Register Indirect
Register Indirect with Index
Memory Indirect
Program Counter Indirect with Displacement
Program Counter Indirect with Index
Program Counter Memory Indirect
Absolute
® Immediate
The register indirect addressing modes support pos-
tincrement, predecrement, offset, and indexing. These
capabilities are particularly useful for handling advanced
data structures common to sophisticated applications and
high level languages. The program counter relative mode
also has index and offset capabilities; programmers find
that this addressing mode is required to support position-
independent software. In addition to these addressing
modes, the MC68030 provides index sizing and scaling;
these features provide performance enhancements to the
programmer.

M68000 FAMILY
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INSTRUCTION SET OVERVIEW

The MC68030 instruction set is shown in Table 2. Each
instruction, with few exceptions, operates on bytes, words,
and long words, and most instructions can use any of
the 18 addressing modes. The MC68030 is upward source-
and object-level code compatible with the M68000 Family
because it supports all of the instructions that previous
family members offer. Included in this set are the bit field
operations, binary coded decimal support, bounds check-
ing, additional trap conditions, and additional mutli-proc-
essing support {CAS and CAS2 instructions) offered by
the MC68020. The new instructions supported by the
MC68030 are a subset of the instructions introduced by
the MC68851 paged memory management unit and are
used to communicate with the MMU.

INSTRUCTION AND DATA CACHES

Studies have shown that typical programs spend most
of their execution time in a few main routines or tight
loops. This phenomenon is known as locality of refer-
ence, and has an impact on the performance of the pro-
gram. The MC68010 takes limited advantage of this
phenomenon with the loop mode of operation that can
be used with the DBcc instruction. The MC68020 takes
much more advantage of locality with its 256-byte on-
chip instruction cache. The MC68030 takes further ad-
vantage of cache technology to provide the system with
two on-chip caches, one for instructions and one for data.

MC68030 CACHE GOALS

Similar to the MC68020, there were two primary goals
for the MC68030 microprocessor caches. The first design
goal was to reduce the processor external bus activity
even more than what was accomplished with the
MC68020. The second design goal was to increase effec-
tive CPU throughput as larger memory sizes or slower
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Table 1. MC68030 Addressing Modes

Addressing Modes Syntax

Register Direct

Data Register Direct Dn

Address Register Direct An
Register Indirect

Address Register Indirect (An)

Address Register Indirect with Post Increment (An) +

Address Register Indirect with Predecrement -(An)

Address Register Indirect with Displacement (dyg.An)
Register Indirect with Index ‘

Address Register Indirect with Index {8-Bit Displacement) | (dg,An,Xn)

Address Register Indirect with Index (Base Displacement) | (bd,An,Xn)

Memory Indirect
Memory Indirect Post-Indexed
Memory Indrect Pre-Indexed

{[bd,An],Xn,od)
{[bd,An,Xn],od}

PC Memory Indirect Pre-Indexed

Program Counter Indirect with Displacement (d16,PC)
Program Counter Indirect with Index

PC Indirect with Index (8-Bit Displacement) (dg,PC.Xn)

PC Indirect with Index (Base Displacement) {bd,PC,Xn)
Program Counter Memory Indirect

PC Memory Indirect Post-Indexed {[bd,PC],Xn,0d)

([bd,PC,Xn],0d)

Absolute
Absolute Short xxx.W
Absolute Long xxx.L
. Immediate #(data)
NOTES:

Dn = Data Register, D0-D7
An = Address Register, A0-A7

dB' d16 = A twos-complement, or sign-extended displacement; added as part of the
effective address calculation; size is 8 (dg) or 16 {d4g) bits; when omitted,

assemblers use a value of zero.

Xn = Address or data register used as an index register; form is Xn.SIZE*SCALE,
where SIZE is .W or .L (indicates index register size) and SCALE is 1, 2, 4, or
8 {index register is multiplied by SCALE); use of SIZE and/or SCALE is op-

tional.

bd = A twos-complement basé displacement; when present, size can be 16 or 32

bits.

od = QOuter displacement, added as part of effective address calculation after any
memory indirection; use is optional with a size of 16 or 32 bits.

PC = Program Counter

(data) = Immediate value of 8, 16, or 32 bits

() = Effective Address

[] = Use as indirect address to'long word address.

memories increased average access time. By placing a
high speed cache between the processor and the rest of
the memory system, the effective memory access time
becomes:
tacc=N*teache +(1-h)*text

where ty.. is the effective system access time, toache is
the cache access time, to is the access time of the rest
of the system, and h is the hit ratio or the percentage of
time that the data is found in the cache. Thus, for a given
system design, two MC68030 on-chip caches provide an
even more substantial CPU performance increase over
that obtainable with the MC68020 with its instruction
cache. Alternately, slower and less expensive memories
can be used for the same processor performance.
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The throughput increase in the MC68030 is gained in
three ways. First, the MC68030 caches are accessed in
less time than is required for external accesses, providing
improvement in the access time for items residing in the
cache. Second, the burst filling of the caches allows in-
struction and data words to be found in the on-chip caches
the first time they are accessed by the micromachine,
with the time required to bring those items into the cachie
minimized. This has the capability of lowering the aver-
age access time for items found in the caches even fur-
ther.

Third, and perhaps most importantly, the autonomous
nature of the caches allows instruction stream fetches,
data fetches, and a third external access to all occur si-
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Table 2. Instruction Set

MC68030

Mnemonic Description Mnemonic Description
ABCD Add Decimal with Extend LEA Load Effective Address
ADD Add LINK Link and Allocate
ADDA Add Address LSL, LSR Logical Shift Left and Right
ADDI Add Immediate
ADDa Add Quick mgxéA hMAg:: Address
QBBX ﬁ::kg:t:ﬁ;‘end MOVE CCR Move Condition Code Register
ANDI Logical AND Immediate Ve SR Move Status Register
: : : : ove User Stack Pointer
ASL, ASR Arithmetic Shift Left and Right MOVEC - Move Contro! Register
Bce Branch Conditionally MOVEM Move Multiple Registers
BCHG Test Bit and Change MOVEP Move Peripheral
BCLR Test Bit and Clear MOVEQ Move Quck
BFCHG Test Bit Field and Change MOVES Move Alternate Address Sapce
BFCLR Test Bit Field and Clear MULS Signed Multiply
BFEXTS Signed Bit Field Extract MULU Unsigned Multiply
g‘;ifg v pieigned Bit Fleld gﬁ:act NBCD Negate Decimal with Extend
BFINS Bit-Field Insert NEG Negate
BFSET Test Bit Field and Set NEGX Negate with Extend
BFTST Test Bit Field NOP No Operation
BKPT Breakpoirit NOT Logical Complement
BRA Branch OR Logical Inclusive OR
BSET Test Bit and Set ORI Logical Inclusive OR Immediate
BSR Branch to Subroutine
BTST Test Bit PACK Pack BCD
PEA Push Effective Address
CAS Compare and Swap Operands
CAS2 Compare and Swap Dual Operands RESET Reset External Devices
CHK Check Register Against Bound ROL, ROR Rotate Left and Right
CHK2 Check Register Against Upper and ROXL, ROXR Rotate with Extend Left and Right
Lower Bounds RTD Return and Deallocate
CLR Clear RTE Return from Exception
CMP Compare RTM Return from Module
CMPA Compare Address RTR Return and Restore Codes
CMPI Compare Immediate RTS Return from Subroutine
CMPM Compare Memory to Memory K K
CMP2 Compare Register Against Upper and SBCD Subtract Decimal with Extend
Lower Bounds Scc Set Conditionally
: sTOP Stop
DBcc Test Condition, Decrement and Branch suB Subtract
DIVS, DIVSL Signed Divide SUBA Subtract: Address
DIVU, DIVUL Unsigned Divide susl Subtract Immediate
K i suBa Subtract Quick
EOR Logical Exclusive OR ) SUBX Subtract with Extend
EORI Logical Exclus!ve OR Immediate SWAP Swap Register Words
EXG Exchange Registers
EXT, EXTB Sign Extend TAS Test Operand and Set
N TRAP Trap
ILLEGAL Take lllegal Instruction Trap TRAPcc Trap Conditionally
JMP Jump TRAPV Trap on Overflow
JSR Jump to Subroutine TST Test Operand
UNLK Unlink
UNPK Unpack BCD
MMU INSTRUCTIONS
PMOQOVE Move to or fram PTEST Test Translation
MMU Registers PFLUSH Flush Selected ATC Entries
PLOAD Load Page Descriptor into ATC PFLUSHA Flush Entire ATC
COPROCESSOR INSTRUCTIONS
cpBCC Branch Conditionally cpRESTORE Restore Internal State of Coprocessor.
cpDBce Test Coprocessor Condition, cpSAVE Save Internal State of Coprocessor
Decrement and Branch cpScc Set Conditionally
cpGEN Coprocessor General instruction cpTRAPcc Trap Conditionally

|
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multaneously with instruction execution. For example; if
the MC68030 requires both an instruction stream access

and an external peripheral access, and the instruction is

resident in the on-chip cache, the peripheral access will

proceed unimpeded rather than being queued behind the

instruction fetch; Additionally, if a data operand was also
required, and it was resident in the data cache, it ccould
also be accessed without hindering either the instruction
access from its cache or the peripheral access external
to the chip. The parallelism designed into the MC68030
also allows multiple instructions to execute concurrently
so that several insternal instructions (those that do not
require any external accesses) could execute while the
processor is performing an external access for a previous
instruction.

INSTRUCTION CACHE

~ Theinstruction cache resident on the MC68030 is a 256-
byte direct mapped cache organized as 16 blocks con-
sisting of four long words per block. Each long word is
independently accessible yielding 64 possible entries, with
A1 selecting the correct word during an access. Thus each
block has a tag field made up of the upper 24 address
bits, the FC2 (supervisor/user) value, four valid bits (one

for each lorig word entry) and the four long word entries.

(see Figure 5). The instruction cache is automatically filled
by the MC68030 whenever a cache miss occurs and using
the burst transfer capability, up to four long words can
be filled in one burst. Neither the instruction or data caches
can be manipulated directly by the programmer except
by the use of the CACR register which provides cache
clearing and cache entry clearing facilities. The caches
can also be enabled/disabled through the use of this reg-
ister. Finally, the system hardware can disable the- on-
chip caches at any time by the assertion of the CDIS
signal.

DATA CACHE -

The organization of the data cache is similar to that of
the instruction cache as shown in Figure 6. However, the
tag is composed of the upper 24 address bits, the four
valid bits, and all three function-code bits, explicitely
specifying the address space associated with each block.
The data cache employs a write-through policy with no
write allocation of data writes. In other words, if a cache
hit occurs on a write cycle, both the data cache and the
external device are updated with the new data. If a write
cycle generates a miss in the data cache, only the external
device is updated and no data cache entry is replaced or
allocated for that address.

OPERAND TRANSFER MECHANISMS

" The MC68030 offers three different mechanisms by
which data can be transferred into and out of the chip.
Asynchronous bus cycles, compatible with the asyn-
chronous bus on the MC68020, can transfer data in a

minimum of three clock cycles and the amount of data -

transferred on each cycle is determined by the dynamic
bus sizing mechanism on a cycle-by-cycle basis with the
DSACKx signals. Synchronous bus cycles are terminated
with the STERM (Synchronous Termination) signa! and
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always transfer 32-bits of data in a minimum of two clock
cycles, increasing the bus bandwidth available for other
bus masters, therefore increasing possible performance.
Burst mode transfers can be used to fill blocks of the
instruction and data caches when the MC68030 asserts
CBREQ (Cache Burst Request). After completing the first
cycle with STERM, subsequent cycles may accept data
on every clock cycle where STERM is asserted until the
burst is completed. Use of this mode can further increase
the available bus bandwidth in systems that use DRAMs
with page, nibble, or static column mode operation.

ASYNCHRONOUS TRANSFERS

Though the MC68030 has a full 32-bit data bus, it offers
the ability to automatically and dynamically downsize its
bus to 8 or 16 bits if peripheral devices are unable to
accommodate the entire 32 bits. This feature allows the
programmer the ability to write code that is not bus-width
specific. For example, long word (32 bit) accesses to pe-
ripherals may be used in the code, yet the MC68030 will
transfer only the amount of data that the peripheral can
manage at one time. This feature allows the peripheral
to define its port size as 8, 16, or 32 bits wide and the
MC68030 will dynamically size the data transfer accord-
ingly, using mutliple bus cycles when necessary. Hence,
programmers are not required to program for each de-
vice port size or know the specific port size before coding;
hardware designers have flexibility to choose implemen-
tations independent of software prejudices.

The dynamic bus sizing is invoked with the use of the
DSACKx pins and occurs on a cycle-by-cycle basis. For
example, if the processor is executing an instruction that
requires the reading of a long word operand, it will at-
tempt to read 32 bits during the first bus cycle to a long
word address boundary. If the port responds that it is 32
bits wide, the MC68030 latches all 32 bits of data and
continues. If the port responds that it is 16 bits wide, the
MC68030 latches the 16 valid bits of data and runs an-
other cycle to obtain the other 16 bits of data. An 8-bit
port is handled similarly but with four bus read cycles.
Each port is fixed in the assignment to particular sections
of the data bus. However, the MC68030 has no restric-
tions concerning the alignment of operands in memory;
long word operands need not be aligned to long word
address boundaries. When misaligned data requires mul-
tiple bus cycles, the MC68030 automatically runs the min-
imum number of bus.cycles. Instructions must still be
aligned to word boundaries.

The timing of asynchronous bus cycles is also deter-
mined by the assertion of the DSACKx signals on a cycle-
by-cycle basis. If the DSACKXx signals are valid 1.5 clocks
after the beginning of the bus cycle (with the appropriate
setup time), the cycle terminates in its minimum amount
of time corresponding to three clock cyctes total. The
cycle can be lengthened by delaying DSACKXx (effectively
inserting wait states in one clock increments) until the
device being accessed is able to terminate the cycle. This
flexibility gives the processor the ability to communicate

- with devices of varying speeds while operating at the

fastest rate possible for each device.

Use of the asynchronous transfer mechanism allows
external errors to abort cycles upon the assertion of BERR
(Bus Error),-or individual bus cycles to be retried with the
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simultaneous assertion of BERR and HALT, after the
DSACKXx signals have been asserted.

SYNCHRONOUS TRANSFERS

Synchronous bus cycles are terminated with the as-
sertion of the STERM signal which automatically indi-
cates that the bus transfer is for 32 bits. This input is not
synchronized internally thereby allowing two clock cycle
bus accesses to be performed if the signal is valid one
clock after the beginning of the bus cycle with the ap-
propriate setup time. However, the bus cycle may be
lengthened by delaying STERM (inserting wait states in
one clock increments) until the device being accessed is
able to terminate the cycle as in the case of asynchronous
transfers. Additionally, these cycles may be aborted upon
the asserting of BERR, or they may be retried with the
simultaneous assertion of BERR and HALT, after the as-
sertion of STERM.

BURST READ CYCLES

The MC68030 provides support for burst filling of its
on-chip instruction and data caches, adding to the overall
system performance. The on-chip caches are organized
with a block size of four long words, so that there is only
one tag for the four long words in a block. Since locality
of reference is present to some degree in most programs,
filling of all four entries when a single entry misses can
be advantageous, especially if the time spent filling the
additional entries is minimal. When the caches are burst-
filled, data can be latched by the processor in as little as
one clock for each 32 bits.

Burst read cycles can be performed only when the
MC68030 requests them (with the assertion of CBREQ}
and only when the bus cycles are terminated with STERM
as described above. If the CBACK (Cache Burst Acknowl-
edge) input is valid at the appropriate time in the syn-
chronous bus cycle, the processor will keep the original
AS, DS, R/W, address, function code, and size outputs
asserted and will latch 32 bits from the data bus at the
end of each subsequent clock cycle that has STERM as-
serted. This procedure continues until the burst is com-
plete (the entire block has been transferred), BERR is
asserted in lieu of STERM, or the CBACK input is negated.

EXCEPTIONS

KINDS OF EXCEPTIONS

Exceptions can be generated by either internal or ex-
ternal causes. The externally generated exceptions are
the interrupts, the bus error, and reset requests. The in-
terrupts are requests from peripheral devices for proces-
sor action while the bus error and reset pins are used for
access control and processor restart. The internally gen-
erated exceptions come from instructions, address er-
rors, tracing, or breakpoints. The TRAP, TRAPcc, TRAPVcc,
cpTRAPcc, CKH, CKH2, and DIV instructions can all gen-
erate exceptions as part of their instruction execution.

M68000 FAMILY
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Tracing behaves like a very high priority, internally gen-
erated interrupt whenever it is processed. The other in-
ternally generated exceptions are caused by illegal
instructions, instruction fetches from odd addresses, and
privilege violations. Finally, the MMU can generate ex-
ceptions when it detects an invalid translation in the ATC
(Address Translation Cache) and an access to the cor-
responding address is attempted, or when it is unable to
locate a valid translation for an address in the translation
tables.

EXCEPTION PROCESSING SEQUENCE

Exception processing occurs in four steps. During the
first step, an internal copy is made of the status register.
After the copy is' made, the special processor state bits
in the status register are changed. The S bit is set, putting
the processor into supervisor state. Also, the T1 and TO
bits are negated, allowing the exception handler to ex-
ecute unhindered by tracing. For the reset and interrupt
exceptions, the interrupt priority mask is also updated.

In the second step, the vector number of the exception
is determined. For interrupts, the vector number is ob-
trained by a processor read that is classified as an inter-
rupt acknowledge cycle. For coprocessor detected
exceptions, the vector number is included in the copro-
cessor exception primitive response. For all other excep-
tions, internal logic provides the vector number. This
vector number is then used to generate the address of
the exception vector.

The third step is to save the current processor status.
The exception stack frame is created and filled on the
supervisor stack. In order to minimize the amount of ma-
chine state that is saved, various stack frame sizes are
used to contain the processor state, depending on the
type of exception and where it occurred during instruc-
tion execution. If the exception is an interrupt and the M
bit is on, the M bit is forced off, and the short four word
exception stack frame is saved on the master stack which
indicates that the exception is saved on the interrupt stack.
If the exception is a reset, the M bit is simply forced off
and the reset vector is accessed. .

The MC68030 provides the same extensions to the ex-
eption stacking process as the MC68020. If the M bit in
the status register is set, the master stack pointer (MSP)
is used for all task related exceptions. When a non-task
related exception occurs (i.e., an interrupt), the M bit is
cleared and the interrupt stack pointer (ISP).is used. This
feature allows all the task’s stack area to be carried within
a single processor control block and new tasks may be
initiated by simply reloading the master stack pointer and
setting the M bit.

The fourth and last step of exception processing is the
same for all exceptions. The exception vector offset is
determined by mutliplying the vector number by four.
This offset is then added to the contents of the vector
base register (VBR) to determine the memory address of
the exception vector. The new program counter is fetched
from the exception vector. The instruction at the address
given in the exception vector is fetched and normatl in-
struction decoding and execution is started.
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MC68030 ON-CHIP
PAGED MEMORY MANAGEMENT

The full addressing range of the MC68030 is four gi-
gabytes (4,294,967,296 bytes). However, most MC68030
systems implement a smaller physical memory. None-
theless, by using virtual memory techniques, the system
can be made to appear to have a full four gigabytes of
physical memory available to each user program. In a
similar fashion, a virtual system provides user programs
access to other devices that are not physically present in
the system such as tape drives, disk drives, printers, or
terminals. The paged Memory Management Unit (MMU)
on the MC68030 provides the capability to easily support
a virtual system and virtual memory. In addition, it pro-
vides protection of supervisor areas from accesses by
user programs and also provides write protection on a
page basis. All this capability is provided along with max-
imum performance as address translations occur in par-
allel with other processor activities. For applications not
requiring the paged Memory Management Unit a register
bit is used to enable/disable this feature.

DEMAND PAGED IMPLEMENTATION

A typical system with a large addressing range such
as one with the MC68030 provides a limited amount of
high-speed physical memory that can be accessed di-
rectly by the processor while maintaining an image of a
much larger “virtual” memory on secondary storage de-
vices such as large capacity disk drives. When the pro-
cessor attempts to access a location in the virtual memory
map that is not resident in physical memory, the access
to that location is temporarily suspended while the nec-
essary data is fetched from secondary storage and placed
in physical memory; the suspended access is then either
restarted or continued.

A paged system is one in which the physical memory
is subdivided into equal sized blocks called page frames
and the logical {untranslated) address space of a task is
divided into pages which have the same size as the page
frames. The operating system controls the allocation of
pages to page frames so that when data is needed from
the secondary storage device, it is brought in on a page
basis. The memory management scheme employed by
the MC68030 is called a “demand” implementation be-
cause a process does not need to specify in advance what
areas of its logical address space it requires. An access
to a logical address is interpreted by the system as a
request for the corresponding page. )

The MMU on the MC68030 employs the same address
translation mechanism introduced by the MC68851 Paged
Memory Management Unit with possible page sizes
ranging from 256 bytes to 32K bytes.

TRANSLATION MECHANISM

Logical-to-physical address translation is the most fre-
quently executed operation of the MC68030 MMU, so this
task has been optimized and can function autonomously.
The MMU initiates address translation by searching for
a descriptor with the address translation information (a
page descriptor) in the on-chip address translation cache
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(ATC). The ATC is a very fast fully-assocative cache mem-
ory that stores recently used page descriptors. If the de-
scriptor does not reside in the ATC then the MMU requests
external bus cycles of the bus controller to search the
translation tables in physical memory. After being lo-
cated, the page descriptor is loaded into the ATC and the
address is correctly translated for the access, provided
no exception conditions are encountered.

The status of the page in question is easily maintained
in the translation tables. When a page must be brought
in from a secondary storage device, the table entry can
signal that this descriptor is invalid so that the table search
results in an invalid descriptor being loaded into the ATC.
In this way, the access to the page is aborted and the
processor initiates bus error exception processing for this
address. The operating system can then control the al-
location of a new page in physical memory and can load
the page all within the bus error handling routine. .

ADDRESS TRANSLATION CACHE

An integral part of the translation function described
above is the cache memory that stores recently used
logical-to-physical address translation information, or
page descriptors. This cache consists of 22 entries and
is fully-associative. The ATC compares the logical ad-
dress and function code of the incoming access against
its entries. If one of the entries matches, there is a hit and
the ATC sends the physical address to the bus controller,
which then starts the external bus cycle {provided there
was no hitin the instruction or data caches for the access).

The ATC is composed of three major components: the
content-addressable memory (CAM) containing the log-
ical address and function code information to be com-
pared against incoming logical addresses, the physical
address store that contains the physical address asso-
ciated with a particular CAM entry, and the control section
containing the entry replacement circuitry that imple-
ments the replacement algorithm (a variation of the least-
recently-used algorithm). )

TRANSLATION TABLES

The translation tables supported by the MC68030 have
a tree structure, minimizing the amount of memory nec-
essary to set up the tables for most programs, since only
a portion of the complete tree needs to exist at any one
time. The root of a translation table tree is pointed to by
one or two root pointer registers that are part of the
MC68030 programmer’s model; the CPU and supervisor.
Table entries at the higher levels of the tree (pointer ta-
bles) contain pointers to other tables. Entries at the leaf
level (page tables) contain page descriptors. The mech-
anism for performing table searches uses portions of the
logical address as indices for each level of the lookup.
All addresses contained in the translation table entries
are physical addresses.

Figure 7 illustrates the structure of the MC68030 trans-
lation tables. Several determinants of the detailed table
structure are software selectable. The first level of lookup
in the table normally uses the function codes as an index
but this may be suppressed if desired. In addition, up to
15 of the logical address lines can be ignored for the
-purposes of the table searching. The number of levels in
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Figure 7. MMU Translation Table Tree Structure

the table indexed by the logical address can be set from
one to four, and up to 15 logical address bits can be used
as an index at each level. A major advantage to using
this tree structure for the translation tables is the ability
to deallocate large portions of the logical address space
with a single entry at the higher levels of the tree. Ad-
ditionally, portions of the tree itself may reside on a sec-
ondary storage device or may not exist at all until they
are required by the system. .

The entries in the translation tables contain status in-
formation pertaining to the pointers for the next level of
lookup or the page themselves. These bits can be used
to designate certain pages or blocks of pages as super-
visor-only, write-protected, or non-cacheable. If a page
is marked as non-cacheable, accesses within the page
will not be cached by the MC68030 instruction or data
caches and the CIOUT (cache inhibit out) signal is as-
serted for those accesses. In addition, the MMU auto-
matically maintains history information for the pointers
and pages in the descriptors via the Used (U) and Mod-
ified (M) bits. .

MMU INSTRUCTIONS

The MMU instructions supported by the MC68030 are
the PMOVE, PTEST, PLOAD, PFLUSH, and PFLUSHA in-
structions and they are completely compatible with the
corresponding instructions introduced by the MC68851
PMMU. Whereas the MC68851 required the coprocessor
interface to execute its instructions, the MC68030 MMU
instructions execute just like all other CPU instructions.
All of the MMU instructions are privileged {can be exe-
cuted by the supervisor only) and are summarized below:

PMOVE  Used to move data to or from MMU registers.
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Takes an address and function code and
searches the ATC or the translation tables for
the corresponding entry. The results of the
search are available in the MMU status reg-
ister (PSR) and is often 'useful in determining
the cause of a fault. )

Takes an address and function code and
searches the translation tables for the corre-
sponding page descriptor. It then loads the
ATC with the appropriate information.
Flushes the ATC by function code or.function
code and logical address.

PFLUSHA Flushes all of the ATC entries.

PTEST

PLOAD
PFLUSH

TRANSPARENT TRANSLATION

Two transparent translation registers have been pro-
vided on the MC68030 MMU to allow portions of the
logical address space to be transparently mapped and
accessed without corresponding entries resident in the
ATC. Each register can be used to define arange of logical
addresses from 16M bytes to 4G bytes with a base ad-
dress and a mask. All addresses within these ranges will
not be mapped and protection is provided only on a basis
of read/write and function code.

COPROCESSOR INTERFACE

The coprocessor interface is a mechanism for extend-
ing the instruction set of the M68000 Family. The interface
provided on the MC68030 is the same as that on the
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MC68020. Examples of these extensions are the addition

of specialized data operands for the existing data types .

or, for the case of floating point, the inclusion of new

data types and operations for them as implemented by

the MC68881 and MC68882 floating-point coprocessors.

Coprocessors are divided into two types by their bus
utilization characteristics. A coprocessor is a DMA co-
processor if it can control the bus independent of the
main processor. A coprocessor is a non-DMA coproces-
sor if it does not have the capability of controlling the
bus. Both coprocessor types utilize the same protocol and
main processor resources. Implementation of a copro-
cessor as a DMA or non-DMA is based primarily on bus
bandwidth requirements of the coprocessor, perform-
ance, and cost issues.

The communication protocol between the main pro-
cessor and the coprocessor necessary to execute a co-
processor instruction is based on a group of coprocessor
interface registers (CIRs) which have been defined for the
M68000 Family (see Table 3) and are implemented on
the coprocessor. The MC68030 hardware uses standard
read and write cycle to access the registers. Thus the
coprocessor interface doesn’t require any special bus
hardware; the bus interface implemented by a copro-

cessor for its interface register set must only satisfy the’

MC68030 address, data, and control signal timing to guar-
antee proper communication with the CPU. The MC68030
implements the communication protocol with all copro-
cessors in hardware (and microcode) and handles all op-
erations automatically so the programmer is only
concerned with the instructions and data types provided
by the coprocessor as extensions to the MC68030 instruc-
tion set and data types.

Since the CIRs are accessed via normal read and write
cycles, coprocessors can be used as peripheral devices

Table 3. Coprocessor Interface Registers

Register Function RW
Response Requests Action from CPU R
Control CPU Directed Control w
Save Initiate Save of Internal State R
Restore Initiate Restore of Internal | RAW

State
Operation Word Current Coprocessor
" Instruction
Command Word Coprocessor Specific ‘ W
" Command
Condition Word Condition to be Evaluated w
Operand 32-Bit Operand RW
Register Sefect Specifies CPU Register or Mask R
Instruction Address | Pointer to Coprocessor RW
Instruction
Operand Address Pointer to Coprocessor RW .
‘Operand
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by other M68000 Family members that do not support
the coprocessor interface. The communcation protocol
can be easily emulated by addressing the CIRs appro-
priately and passing the necessary commands and op-
erands required by the coprocessor. In addition to the
CIRs, the coprocessor contains those registers added to
the MC68030 programmer’s model for specific copro-

‘cessor operations. For example, the Motorola floating-

point coprocessors contain the CIRs as well as eight 80-
bit floating-point data registers and three 32-bit control/
status registers.

Up to eight coprocessors are supported in a single
MC68030 system with a system-unique coprocessor
identifier encoded in the coprocessor instruction. When
accessing a coprocessor, the MC68030 executes standard
bus cycles in CPU address space, as encoded by the func-
tion codes, and places the coprocessor identifier on the
address bus to be used by chip-select logic to select the
particular coprocessor. Since standard bus cycles are used,
the coprocessor may be located according to system de-
sign requirements, whether it be located on the micro-
processor local bus, on another board on the system bus,
or any other place where the chip-select and coprocessor
protocol using standard bus cycles can be supported.

COPROCESSOR PROTOCOL

Interprocessor transfers are all initiated by the main
processor during coprocessor instruction execution. Dur-
ing the processing of a coprocessor instruction, the main
processor transfers instruction information and data to
the associated coprocessor, and receives data, requests,
and status information. from the coprocessor. These
transfers are all based on standard read and write bus
cycles.

The typical coprocessor protocol which the main pro-
cessor follows is:

a) The main processor initiates the communication
by writing command information to a location in
the coprocessor interface.

b) The main processor reads the coporcessor re-
sponse to that information.

1) The response may indicate that the copro-

cessor is busy, and main processor should
again query the coprocessor. This allows the
main processor and coprocessor to synchro-
nize their concurrent operations.
The response may indicate some exception
condition; the main processor acknowledges
‘the exception and begins exception process-
ing.
The response may indicate that the copro-
cessor needs the main‘processor to perform
some service such as transferring data to or
from the coprocessor. The coprocessor may
also request that the main processor query
the coprocessor again after the serwce is
complete.

4) Theresponse may indicate that the main pro-
cessor is not needed for further processing of
the instruction. The communication is ter-
minated, and the main processor is free to
begin execution of the next instruction. At this

2

3 .
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pointin the coprocessor protocol, as the main
processor continues to execute the instruc-
tion stream, the main processor may operate
concurrently with the coprocessor.

When the main processor encounters the next copor-
cessor instruction, the main processor queries the co-
processor until the coprocessor is ready; meanwhile, the
main processor can go on to service interrupts and do a
context switch to execute other tasks, for example.

Each coprocessor instruction type has specific require-
ments based on this simplified protocol. The coprocessor
interface may use as many extension words as required
to implement a coprocessor instruction.

PRIMITIVE/RESPONSE

The response register is the means by which the co-
processor communicates service requests to the main
processor. The content of the coprocessor response reg-
isteris a primitive instruction to the main processor which
is read during coprocessor communication by the main
processor. The main processor “executes’ this primitive,
thereby providing the services required by the coproces-
sor. Table 4 summarizes the coprocessor primitives that
the MC68030 accepts.

SIGNAL DESCRIPTION

Figure 8 and Table 5 describe the signals on the
MC68030 and provide an indication of their function.
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Table 4. Coprocessor Primitives

Processor Synchronization

Busy with Current Instruction
Proceed with Next Instruction, If No Trace

Service Interrupts and Re-query, If Trace Enabled
Proceed with Execution, Condition True/False

Instruction Manipulation
Transfer Operation Word
Transfer Words from Instruction Stream

Exception Handling
Take Privilege Violation if S Bit Not Set
Take Pre-Instruction Exception
Take Mid-Instruction Exception
Take Post-Instruction Exception

General Operand Transfer
Evaluate and Pass (ea)
Evaluate (ea) and Transfer Data
Write to Previously Evaluated (ea)
Take Address and Transfer Data -
Transfer to/from Top of Stack -

Register Transfer
Transfer CPU Register
Transfer CPU Control Register
Transfer Multiple CPU Registers
Transfer Multiple Coprocessor Registers
Transfer CPU SR and/or ScanPC
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Figure 8. MC68030 Functional Signal Groups
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Table 5. Signal Index

Signal Name Mnemonic Function

Function Codes FCO-FC2 3-bit function code used to identify the address space of each bus cycle.

Address Bus A0-A31 32-bit address bus used to address any of 4,294,967,296 bytes.

Data Bus DO0-D31 32-bit data bus used to transfer 8, 16, 24, or 32 bits of data per bus cycle.

Size SI120/S121 Indicates the number of bytes remaining to be transferred for this cycle.
These signals, together with A0 and A1, define the active sections of the
data bus. .

Operand Cycle Start 0ocs Identical operation to that of ECS except that OCS is asserted only during
the first bus cycle of an operand transfer.

External Cycle Start ECS Provides an indication that a bus cycle is beginning.

Read/Write RAW Defines the bus transfer as an MPU read or write.

Read-Modify-Write Cycle RMC Provides an indicator that the current bus cycle is part of an indivisible
read-modify-write operation.

Address Strobe AS Indicates that a valid address is on the bus.

Data Strobe DS Indicates that valid déta is to be placed on the data bus by an external
device or has been placed on the data bus by the MC68030.

Data Buffer Enable DBEN Provides an enable signal for external data buffers.

Data Transfer and Size Acknowledge | DSACKO/DSACKT | Bus response signals that indicate the requested data transfer operation
is completed. In addition, these two lines indicate the size of the external
bus port on a cycle-by-cycle basis.

Cache Inhibit In CIN Prevents data from being loaded into the MC68030 instruction and data
caches.

Cache Inhibit Out ciouT Reflects the Cl bit in ATC entries or a transparent translation register;

: indicates that external caches should ignore these accesses.

Cache Burst Request » CBREQ Indicates a miss in either the instruction or data cache.

Cache Burst Acknowledge CBACK Indicates that accessed device can operate in burst mode.

Interrupt Priority Level PLO-IPL2 Provides an encoded interrupt level to the processor.

Interrupt Pending IPEND Indicates that an interrupt is pending.

Autovector AVEC Requests an autovector during an interrupt acknowledge cycle.

Bus Request BR Indicates that an external device requires bus mastership.

Bus Grant BG Indicates that an external device may assume bus mastership.

Bus Grant Acknowledge BGACK Indicates that an external device has‘assumed bus mastershib.

Reset RESET System reset. ‘

Halt HALT Indicates that the processor should suspend bus activity.

Bus Error BERR Indicates an invalid or illegal bus operation is being attempted.

Synchronous Termination STERM Bus response signal that indicates a port size of 32 bits and that data may
be latched on the next falling clock edge.

Cache Disable CDIS Dynamically disables the on-chip cache to assist emulator support.

MMU Disable MMUDIS Dynamically disables the translation mechanism of the MMU.

Microsequencer Status STATUS - Status indications for debug purposes.

Pipe Refill REFILL Indicates when the instruction pipe is beginning to refill

Clock CLK Clock input to the processor.

Power Supply Vee +5 volt = 5% power supply.

Ground GND Ground connection.
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ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

Rating Symbol 7 Value Unit This device conta.ins prot.ective circuitry agai.nst
- damage due to high static voltages or electrical
Supply Voltage Vee -0.3to0 +7.0 " fields; however, it is advised that normal pre-
Input Voltage Vin 0510 +7.0 v cautions bg taken-to avoifi application of any
- voltages higher than maximum-rated voltages
Operating Temperature Range Ta 0to 70 °C to this high-impedance circuit. Reliability of op-
Storage Temperature Range Tstg _55 to 150 oC eration is enhanced if unused inputs are tied to
an appropriate logic voltage level (e.g., either
GND or Vel '
THERMAL CHARACTERISTICS — PGA PACKAGE
Characteristic . Symbol Value Rating
Thermal Resistance — Ceramic °CwW
Junction to Ambient LIV 30%
Junction to Case 0)c 15*
*Estimated
POWER CONSIDERATIONS

The average chip-junction temperature, Ty, in °C can be ob-
tained from:

Ty=Ta+(Pp-6jp) (1)

where:
TA = Ambient Temperature, °C
A = Package Thermal Resistance, Junction-to-
Ambient, °C/W
Pp = PINT+P10
PINT = lgc* Ve, Watts — Chip Internal Power
Pio = Power Dissipation on Input and Output Pins —

User Determined .
For most applications P;;n<PyyT and can be neglected.
The following is an approximate relationship between Pp and
Ty (if Po is neglected):
: Pp=K+(T,+273°C)
Solving equations (1) and (2) for K gives:
K=Pp«(Tp+273°C) +8 5 * Pp2 (3)
where K is a constant pertaining to the particular part. K can be
determined from equation (3) by measuring Pp {at equilibrium)
for a known Tp. Using this value of K, the values of Ppand T
can be obtained by solving equations (1) and (2) iteratively for
any value of Tp.

(2)
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The total thermal resistance of a package (64) can be sepa-
rated into two components, 8 ¢ and 0, representing the bar-
rier to heat flow from the semiconductor junction to the package
(case) surface (8¢} and from the case to the outside ambient
(8cp)- These terms are related by the equation:

ya=0yc*0cA @
¢ is device related and cannot be influenced by the user.
However, 8¢5 is user dependent and can be minimized by such
thermal management techniques as heat sinks, ambient air cool-
ing, and thermal convention. Thus, good thermal management
on the part of the user can significantly reduce 6cp so that 6 5
approximately equals 6 jc. Substitution of ¢ for 64 in equa-
tion (1) will result in a‘lower semiconductor junction tempera-
ture.

Values for thermal resistance presented in this document, un-
less estimated, were derived using the procedure described in
Motorola Reliability Report 7843, “Thermal Resistance Meas-
urement Method for MC68XX Microcomponent Devices,” and
are provided for design purposes only. Thermal measurements
are complex and dependent on procedure and setup. User de-
rived values for thermal resistance may differ.
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DC ELECTRICAL CHARACTERISTICS (Vo =5.0 Vdc+5%; GND=0 Vdc; T =0 to 70°C; see Figures 10 and 11)

MC68030

Characteristic Symbol Min Max Unit
Input High Voltage ViH 2.0 Vee \
Input Low Voltage ViL GND 0.8 v
- -0.5
Input Leakage Current  BERR, BR, BGACK, CLK, IPL0-IPL2, AVEC, CDIS, DSACKO, DSACKT [ 4, -25 | 25 pA
GND =< Vj, < Ve HALT, RESET -20 20
Hi-Z (Off-State) Leakage Current A0-A31, AS, DBEN, DS, D0-D31, FCO-FC2,| Itg, -20 20 A
@ 2.4V/05V R/W, RMC, SIZ0-SIZ1
Output High Voltage A0-A31, AS, BG, D0-D31, DBEN, DS, ECS, RW, IPEND, | Vg 2.4 — \Y
loH=400 pA 0OCS, RMC, SIZ0-S121, FCO-FC2,
CBREQ, CIOUT, STATUS, REFILL
Output Low Voltage _ VoL v
loL=3.2 mA A0-A31, FCQ-FC2, S120-5121, BG, DO-D31 - 05
loL=53 mA CBREQ, AS, DS, RW, RMC, DBEN, IPEND - 0.5
loL=2.0 mA STATUS, REFILL, CIOUT, ECS, OCS —_ 0.5
IoL=10.7 mA . RESET - 05
Power Dissipation (T4 =0°C) Pp — 2.6 w
Capacitance {see Note} Cin — 20 pF
Vin=0V, TA=25C, f=1 MHz
Load Capacitance EC5,0CS| CL — 50 | pF
CIOUT, STATUS, REFILL 70
All Other 130
NOTE: Capacitance is periodically sampled rather than 100% tested.
AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (see Figure 12)
. L 16.67 MHz . | 20 MHz 25 MHz .
Num. Characteristic Unit
Min | Max | Min [ Max | Min | Max
Frequency of Operation 125 | 16.67 | 125 20 12.5 25 MHz
1 Cycle Time Clock 60 125 50 80 40 80 ns
2, 3 |Clock Pulse Width Measured from 1.5 Vto 1.5 V 25 55 23 57 19 61 ns
4,5 |Clock Rise and Fall Times — 5 — 5 — 4 ns
20V
08V
Figure 9. Clock Input Timing Diagram
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PRELIMINARY AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (Vcc=5.0 Vdc=5%; GND=0 Vdc;
TA=0to 70°C; see Figures 11 through 16) -

. . X 16.67 MHz 20 MHz 25 MHz
Num. C . Characteristic Min | Max | Min | Max | Min | Max Unit
6 Clock High to Function Code, Size, RMC, IPEND, CIOUT 0 30 0 25 0 20 ns
: Address Valid ) -
6A Clock High to ECS, OCS Asserted - 0 20 0 15 0 15 | ns
6B, |Address, Function Code Valid to Negating Edge of ECS ' 15 - 4 — 3 — ns
7 Clock High to Function Code, Size, RMC, CIOUT, Address, {0 60 0 50 0 | 40 ns
: Data High Impedance o
8 Clock High to Function Code Size, RMC, IPEND, CIOUT, 0 — 0 —_ 0 — ns
3 Address Invalid : )
9 Clock Low to AS, DS Asserted, CBREQ Valid S 3 30 3 20 3 18 ns
9A1 | AS to DS Assertion Skew (Read) - -5 15 | ~10] 10 | -10] 10 | ns
9874 | AS Asserted to DS Asserted (Write) 37 — 32 — 27 — | .ns
10 |ECS Width Asserted 20 | — [ ]| — |10 | — | ns
"10A | OCS Width Asserted - 20 | — 15 — 0 | — ns
1087 |ECS, OCS Width Negated . 15 — 10 - 5 — | ns
118 | Function Code, Size, RMC, TIOUT, Address Valid to AS 1 | — | 10 — 7 — | ns
. Asserted (and DS Asserted, Read)
12 Clock Low to AS, DS Negated 0 3 ! o 20 | o 18 ns
12A | Clock Low to ECS/OCS Negated 0 30 o | 20 0 18 ns
13 |AS, DS Negated to Function Code, Size, RMC CIOUT, 15 —_ 10 - 7 — ns
Address Invalid i
14 AS (and DS Read) Width Asserted (Asynchronous Cycle)- ‘| 100 — 85 — 70 C— ns
14A"" | DS Width Asserted Write . 0 | — | 38 | — 30 — ns
14B | AS (and DS Read) Width Asserted (Synchronous Cycle) 40 — 35 — 30 — ns
15 |AS, DS Width Negated 0 | — | 38| — | 3 | — | ns
15A8 | DS Negated to AS Asserted . . 35 — 30 - 25 — ns
16 Clock High to AS, DS, R/W, DBEN, CBREQ High Impedance — 60 — 50 — 40 ns
176 | AS, DS Negated to R/W Invalid 15 — 10 — 7 — ns
18 Clock High to RW High 0 30 0 25 0 20 ns
20 Clock High to RAW Low 0 30 0 25 0 20 ns
216 | R/W High to AS Asserted 15 — 10 — 7 — ns
226 | R/W Low to DS Asserted (Write) 7% | — | 60 | — | 47| — | ns
23 Clock High to Data Out Valid- ’ — 30 — 25 — 20 ns
24 Data-Out Valid to Negating Edge of AS o 12 —_ 8 — 5 - ns
25611 |’AS, DS Negated to Data Out Invalid g | 18 | = | 10 — 7 — ns
254911 | DS Negated to DBEN Negated (Write) ) | o1s — 10 — 7 — ns
26611 | Data Out Valid to DS Asserted (Write) ) ) 15 — 10 — 7 — ns
27 Data-In Valid to Clock Low (Synchronous Setup) : 5 — 4 — 2 — ns
27A | Late BERR/HALT Asserted to Clock Low (Setup) 15 — 10 - 5 - ns

|
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PRELIMINARY AC ELECTRICAL SPECIFICATIONS (Continued)

16.67 MHz 20 MHz 25 MHz
Num. ‘ Characteristic Min | Max | Min | Max | Min ]| Max Unit
2812 | AS, DS Negated to DSACKx, BERR, HALT, AVEC 0 60 0 50 0 40 ns
Negated (Asynchronous Hold)
28A12 | Clock Low to DSACKx, BERR, HALT, AVEC Negated 15 100 12 85 8 70 ns
{Synchronous Hold)
2972 . | DS Negated to Data-In Invalid {Asynchronous Hold) 0 — 0 — 0 — ns
29A12 | DS Negated to Data-In High Impedance — 60 — 50 — 40 ns
3012 | Clock Low to Data-In Invalid (Synchronous Hold) 15 — 12 — 8 — ns
30A12 | Clock Low to Data-In High Impedance (Read followed by — 90 - 75 — 60 ns
Write) 3

312 DSACKXx Asserted to Data-In Valid (Asynchronous Data Setup) — .} 50 — 43 — 28 ns
31A3 | DSACKx Asserted to DSACKx Valid (Skew) — 15 — 10 — 7 ns

32 RESET Input Transition Time — 1.5 - 1.5 — 1.5 Clks

33 | Clock Low to BG Asserted 0 30 0 25| 0 20 ns

34 |Clock Low to BG Negated ] 30 0 25 0 20 ns

35 |BR Asserted to BG Asserted (RMC Not Asserted) 1.5 35 1.5 35 1.5 35 Clks

37 | BGACK Asserted to BG Negated 15 | 35 | 15 | 35 | 15 | 35 | Cks
37A | BGACK Asserted to BR Negated 0 1.5 0 15 0 15 | Ciks
3974 | BG Width Negated 20 — 75 — 60 — ns
39A | BG Width Asserted % | — | 55| — |60 | — | ns

40 Clock High to DBEN Asserted (Read) 0 30 0 25 0 20 ns

1 Clock Low to DBEN Negated (Read) 0 30 0 25 0 20 ns

42 Clock Low to DBEN Asserted (Write) 0 30 0 25 0 20 ns

43 Clock High to DBEN Negated (Write) 0 30 0 25 0 20 ns
446 | RAW Low to DBEN Asserted (Write) 15 - 10 - 7 — | ns
455 | DBEN Width Asserted AsynchronousRead | 60 | — | 50 [ — | 40 | — | ns

Asynchronous Write 120 — 100 — 80 —
45A° | DBEN Width Asserted Synchronous Read| 10 — 10 -_ 5 —_ ns
Synchronous Write | 60 —_ 50 — 40 —

46 R/W Width Asserted (Asynchronous Write or Read) 150 — 125 — 100 — ns
46A R/W Width Asserted (Synchronous Write or Read) 90 — 75 — 60 — ns
47A Asynchronous Input Setup Time to Clock Low 5 — 4 — 2 — ns
47B Asynchronous Input Hold Time from Clock Low 15 —_ 12 — 8 — ns
484 DSACKx Asserted to BERR, HALT Asserted - 30 — 20 — 25 ns

53 Data Out Hold from Clock High 3 — 3 — 3 —_ ns

55 R/W Asserted to Data Bus Impedance Change 30 — 25 — 20 — ns

56 RESET Pulse Width (Reset Instruction) 512 — 512 — 512 — Clks
5810 | BGACK Negated to Bus Driven 1 — 1 — 1 — | Clks
5910 | BG Negated to Bus Driven 1 — 1 — 1 — | ciks
6013 | Synchronous Input Valid to Clock High {Setup Time) 5 — 4 — 2 — ns
6173 [ Clock High to Synchronous Input Invalid (Hold Time) 15 — 12 — 8 - ns

. _________________________________________ |
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PRELIMINARY AC ELECTRICAL SPECIFICATIONS (Concluded) .

: 16.67 MHz 20 MHz 25 MHz
Num. | Characteristic . Min | Max | Min | Max | Min | Max Unit
62 Clock Low to STATUS, REFILL Asserted 0 |30 0 25 0 20 ns
63 | Clock Low to STATUS, REFILL Negated : o-| 3| o 25 0 | 20 ns
NOTES: ' ' .

1. This number can be reduced to 5 nanoseconds if strobes have equal loads.

2. If the asynchronous setup time (#47A) requirements are satisfied, the DSACKx low to data setup time (#31) and DSACKx low
to BERR low setup time (#48) can be ignored. The data must only satisfy the data-in clock low setup time (#27) for the following
clock cycle and BERR must only satisfy the late BERR low to clock low setup time {#27A) for the following clock cycle.

3. This parameter specifies the maximum allowable skew between DSACKO to DSACK1 asserted or DSACK1 to DSACKO asserted;

_ specification #47A must be met by DSACKO or DSACKT.

4. This specification applies to the first (DSACKO or DSACK1) DSACKx signal asserted In the absence of DSACKx, BERR is an
asynchronous input using the asynchronous input setup time (#47A).

5. DBEN may stay asserted on consecutive write cycles.

6. The minimum values must be met to guarantee proper operation. If this maximum value is exceeded BG may be reasserted.

7 .This specification indicates the minimum high time for ECS and OCS in the event of an |nternal cache hit foIIowed |mmed|ately
by another cache hit; a cache miss, or an operand cycle.

8. This specification guarantees operation with the MC68881/MC68882, which specifies a minimum time for DS negated to AS
asserted (specification #13A in the MC68881/MC68882 User’s Manual). Without this specification, incorrect interpretation of
specifications #9A and #15 would indicate that the MC68030 does not meet the MC68881/MC68882 requirements.

9. This specification allows a system designer.to guarantee data hold times on the output side of data buffers that have output
enable signals generated with DBEN. The timing on DBEN precludes its use for synchronous READ cycles with no wait states.

10. These specifications allow system designers to guarantee that an alternate bus master has stopped driving the bus when the
MC68030 regains control of the bus after an arbitration sequence. . '

11. DS will not be asserted for synchronous write cycles with no wait states.

12. These hold times are specified with respect to strobes {asynchronous} and with respect to the clock (synchronous). The designer
is free to use either time. .

13. Synchronous inputs must meet specifications #60 and #61 with stable logic levels for all rising edges of the clock while AS is
asserted. These values are specified relative to the high level of the rising clock edge. The values originally published were
specified relative to the low level of the rising clock edge.

14. This specification allows system designers to qualify the CS signal of an MC68881/MC68882 with AS (allowing 7 ns for a gate
delay) and still meet the CS to DS setup time requirement (spec 8B) of the MC68881/MC68882.

AC ELECTRICAL SPECIFICATIONS DEFINITIONS the MC68030 are specified with minimum and/or maxi-

The AC specifications presented consist of output de- mum limits, as appropriate, and are measured as shown.
lays, input setup and hold times, and signal skew times. Inputs to the MC68030 are specified with minimum and,
All signals are specified relative to an appropriate edge as appropriate, maximum setup and hold times, and are
of the MC68030 clock input and, possibly, relative to one measured as shown. Finally, the measurements for sig-
or more other signals. nal-to-signal specifications are also shown.

The measurement of the AC ‘'specifications is defined Note that the testing levels used to verify conformance
by the waveforms in Figure 10. In order to test the pa- of the MC68030 to the AC specifications does not affect
rameters guaranteed by Motorola, inputs must be driven the guaranteed DC operation of the device as specified

to the voltage levels specified in Figure 10. Outputs of in the DC electrical characteristics.
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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:

. Maximum output delay specification.

. Minimum output hold time.

. Minimum input setup time specification.

. Minimum input hold time specification.

. Signal valid to signal valid specification {(maximum or minimum).

. Signal valid to signal invalid specification (maximum or minimum).

Mmoo D>

Figure 10. Drive Levels and Test Points for AC Specifications
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams

for device operation.
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Figure 11. Asynchronous Read Cycle Timing Diagram
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams
for device operation.
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