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The main features of the MC68020 are as follows:

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 [nstruction Cache Speeds Instructions and improves Bus Band-
width

Coprocessor Interface to Companion 32-Bit Peripherals — the MC6
MC68882 Floating-Point Coprocessors and the MC68851 Pag
Management Unit

Pipelined Architecture with High Degree of Internal Parallel

lowing Mul-
tiple Instructions To Be Executed Concurrently

High-Performance Asynchronous Bus Is Nonmulti and Full 32-Bits
Dynamic Bus Sizing Efficiently Supports 8-/16-/32:Bit Memories and Periph-
erals

Full Support of Virtual Memory and Vir

16 32-Bit General-Purpose Data and: ress Registers

Two 32-Bit Supervisor Stack Poi s and Five Special-Purpose Control Reg-

isters
18 Addressing Modes and Seven Data Types
4-Gbyte Direct Addr

Selection of Proc

Range
peeds: 16.67, 20, 25, and 33.33 MHz
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INTRODUCTION

The MC68020 is a high-performance 32-bit microprocessor. It is the first micro-
processor to evolve 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 tech-
niques were utilized to improve performance and maintain compatibility with
other processors of the M68000 Family. Among the improvements are new
addressing modes that better support high-level language structures, an ex:
panded instruction set providing 32-bit operations for the limited cases,r
supported by the MC68000 and the MC68010, and several new instructi
support new data types. For special-purpose applications, when
purpose processor is not adequate, a coprocessor interface is pro;

The MC68020 is a high-performance microprocessor implem ed in HCMOS
which allows CMOS and HMOS (high-density NMOS) g: be combined
on the same device. CMOS structures are used when, and low power
are required, and HMOS structures are used when um silicon area is
desired. This technology enables the MC68020 t very fast, consume less
power (less than 1.5 W), and have a reasonably“small die size.

Figure 1 is a block diagram of the MC68020.
main sections: the bus controlier and ¢

e processor is divided into two
nicromachine. This division reflects

erate
SEQUENGER |
MICROROM
NANOROM INSTRUCTION DECODE |
[ CONTROLSECTION | | INSTRUCTIONPIPE |
\ Y \
EXECUTION UNIT
INSTRUCTION OPERAND DATA « | INSTRUCTION
ADDRESS |  ADDRESS SECTION CACHE
SECTION SECTION
| ‘ ‘
Y
ADDRESS BUS DATA
PADS CONTROLLER PADS
BUS CONTROLLER

Figure 1. Block Diagram
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The bus controller consists of the address and data pads and multiplexers
required to support dynamic bus sizing, a macro bus controller to schedule 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 accesses), and the instruction cache with its associated control.

The micromachine consists of an execution unit, nanoROM and microROM
storage, an instruction decoder, an instruction pipe, and associated control
sections. The execution unit consists of an address section, an operand a

level store of microROM and nanoROM. Programmed logical array
used to provide instruction decode and sequencing information. T.

16 32-bit general-purpose registers, a 32:
visor stack pointers, a 16-bit status reg¢

and control) registers. Register
bit field (1 to 32 bits), byte (8 bi
word (64 bit) operations. Régisters A0-A6 and the user, interrupt, and master
stack pointers are addr
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Figure 3. Supervisor Programmiing Model Supplement

MOTOROLA MC68020 TECHNICAL DATA 5



The status register (see Figure 4) contains the interrupt priority mask (three
bits) as well as the following 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), or master/interrupt
state (M).

SYSTEM BYTE USERBYTE

15 14 13 12 11 10 9 8 7 6 5 4 3 2

(1 Tu o[ [ofo[e[o o[ [ ]

S—

INTERRUPT
PRIORITY MASK

SUPERVISOR
USER/STATE EXTEND

NEGATIVE ——

CONDITION
CODES ZERO
OVERFLOW

CARRY

— TRACE ENABLE
To- TRACE ON CHANGE OF FLOW
T4 - TRACE ALL INSTRUCTIONS

Figure 4. Statu

All microprocessors of the M6800 mily support instruction tracing (via the
TO status bit in the MC68020} where each executed instruction is followed by
a trap to a user-defined traceroutine. The MC68020 adds the capability to trace
only change-of-flow instr s (branch, jump, subroutine call and return, etc.)
using the T1 status bit e features are important for software program
development and deb

Since the vectol
exception
process o

register is used to determine the run-time location of the
ble in memory, it supports multiple vector tables; thus, each
. can properly manage exceptions independent of each other.

3000 Family processors distinguish address spaces as supervisor/user
gram/data. These four combinations are specified by the function code
s, FCO/FC1/FC2, during access of the particular address space. Using the
nction codes, the memory subsystem can distinguish between authorized
access (supervisor mode is privileged access) and unauthorized access (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 data areas by appro-
priately preloading the SFC/DFC registers.
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The cache registers 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); the cache address register (CAAR) holds the
address for those cache control functions that require an address.

DATA TYPES AND ADDRESSING MIODES

Seven basic data types are supported by the MC68020:

1. Bits

2. Bit Fields (String of consecutive bits, 1-32 bits long)

3. BCD Digits (Packed: 2 digits/byte; Unpacked: 1 digit/byte)

4. Byte Integers (8 bits)

5. Word Integers (16 bits)

6. Long-Word Integers (32 bits)

7. Quad-Word Integers (64 bits)
In addition, operations on other data types, such as r
word data, etc., are provided in the instruction se
coprocessor allows direct support of floating
cialized user-defined data types and functi

vory addresses, status
e MC68881 floating-point
ata types as well as spe-

The 18 addressing modes listed in Ta
1. Register Direct
2. Register Indirect
3. Register Indirect with
4, Memory Indirect
5. Program Counte
6
7
3

include nine basic types:

ct with Displacement
ct with Index
Viemory Indirect

. Program Counte
. Program Count
. Absolute

rect addressing modes support postincrement, predecrement,
d indexing. Programmers find these capabilities particularly useful for
advanced data structures common to sophisticated applications and
| languages. The program counter relative mode also has index and
et capabilities; programmers find this addressing mode is required to sup-
position-independent software. In addition to these addressing modes,
he MC68020 provides data operand sizing and scaling; these features provide
performance enhancements to the programmer.
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Table 1. 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 Postincrement {An) +
Address Register Indirect with Predecrement —(An)
Address Register Indirect with Displacement {d1g.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 Postindexed
Memory Indirect Preindexed

Program Counter Indirect with Displacement

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 Postindexed
PC Memory Indirect Preindexed

{{bd,PC],Xn,od}
{{bd,PC,Xn],0d)

Absolute
Absolute Short {xxx).W
Absolute Long {xxx).L
Immediate #{data)
NOTES:
Dn = Data Regi
An = Ri AD-A7
dg, d1s plement or sign-extended displacement; added

ress or data register used as an index register; form
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.
= 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
[]1 = Use as indirect access to long-word address.

8 MC68020 TECHNICAL DATA
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INSTRUCTION SET OVERVIEW

The MC68020 instruction set is listed in Table 2. Special emphasis has been
given to the instruction set’s support of structured high-level languages and
sophisticated operating systems. Each instruction, with few exceptions, oper-
ates on bytes, words, and long words, and most instructions 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; whereas, on the earli
M68000 Family members, only 8- and 16-bit values were used. The MC6;
is upward source- and object-code compatible with the M68000 Family

it supports all instructions of previous family members. Additional ing fons
are provided by the MC68020 to support its advanced features ailed
information on the MC68020 instruction set, refer to M68000 M68000

Programmer’s Reference Manual.

Table 2. Instruction Set Summary

Mnemonic Description Description
ABCD Add Decimal with Extend ompare Address
ADD Add ompare Immediate
ADDA Add Address Compare Memory to Memory
ADDI Add immediate Compare Register Against Upper
ADDQ Add Quick and Lower Bounds
ADDX Add with Extend .
AND Logical AND Te;iaic::r;]dltuon, Decrement and
ANDI Logical AND Immediate . -
; . . . DIVS, DIVSL |Signed Divide
ASL, ASR Arithmetic Shift Left and Right DIVU, DIVUL |Unsigned Divide
Bee Branch Conditionally - .
BCHG Test Bit and Change EOR Logical Exclusive OR .
- EORI Logical Exclusive OR Immediate
BCLR Test Bit and Clear .
o EXG Exchange Registers
BFCHG Test Bit Field and EXT. EXTB Sion Extend
BFCLR Test Bit Field and 4 g
BFEXTS ILLEGAL Take lllegal Instruction Trap
EFE;(TU JMP Jump
BE::N(S) JSR Jump to Subroutine
BFSET LEA Load Effective Address
BFTST LINK Link and Allocate
BKPT LSL, LSR Logical Shift Left and Right
BRA _ MOVE Move
BSET Test Bit and Set MOVEA Move Address
BSR - Branch to Subroutine MOVE CCR | Move Condition Code Register
| BT Test Bit MOVE SR Move Status Register
Call Module MOVE USP Move User Stack Pointer
Compare and Swap Operands MOVEC Move Control Register
Compare and Swap Dual MOVEM Move Multiple Registers
Operands MOVEP Move Peripheral
Check Register Against Bound MOVEQ Move Quick
CHK2 Check Register Against Upper and MOVES Move Alternate Address Space
Lower Bounds MULS Signed Multiply
CLR Clear MULU Unsigned Multiple
CMP Compare
MOTOROLA MC68020 TECHNICAL DATA




Mnemonic Description Mnemonic Description
NBCD Negate Decimal with Extend SBCD Subtract Decimal with Extend
NEG Negate Sce Set Conditionally
NEGX Negate with Extend STOP Stop
NOP No QOperation SUB Subtract
NOT Logical Complement SUBA Subtract Address
OR Logical Inclusive GR SUBI Subtract |mr_nedlate
ORI Logical Inclusive OR Immediate SuBQ Subtract O‘.“Ck
ORI CCR Logical Inclusive OR Immediate to SUBX Subtract with Extend

Condition Codes SWAP Swap Register Words
ORI SR Logical inclusive OR Immediate to TAS Test Operand and Set
Status Register TRAP Trap
PACK Pack BCD TRAPcc Trap Conditionally
PEA Push Effective Address TRAPY Trap on Overflow
RESET Reset External Devices L Test Operand
ROL, ROR  |Rotate Left and Right UNLK Unlink
ROXL, ROXR |Rotate with Extend Left and Right UNPK Unpack BCD,
RTD Return and Deallocate
RTE Return from Exception
RTM Return from Module .
RTR Return and Restore Codes Coproc; nstructions
RTS Return from Subroutine

BIT FIELD OPE

Mnemon

Description

cpBce

ranch Conditionally

Test Coprocessor Condition,
Decrement and Branch

Coprocessor General Instruction

Mnemonic

Description

.| ¢cpRESTORE Restore Internal State of Coprocessor
cpSAVE Save Internal State of Coprocessor
cpScc Set Conditionally
cpTRAPcc Trap Conditionally

The MC68020 supports variable-length bit field operations up to 32 bits. A bit
i y start in any bit position and span any address boundary for the full
f the bit field, up to the 32-bit maximum. The bit field insert (BFINS)
erts a value into a field. Bit field extract unsigned (BFEXTU) and bit field
“extract signed (BFEXTS) extract an 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 particularly useful in appli-
cations using packed bits and bit fields found in graphics and communications.

10 MC68020 TECHNICAL DATA MOTOROLA



BINARY-CODED DECIMAL (BCD) SUPPORT

The M68000 Family supports BCD operations including add, subtract, and ne-
gation. The MC68020 adds the PACK and UNPACK operations for BCD con-
versions to and from binary form as well as other conversions — e.g., ASCII
and EBCDIC. The PACK instruction reduces two bytes of data into a single byte;
UNPACK reverses the operation.

BOUNDS CHECKING

Previous M68000 Family members offer variable bounds checking o
upper limit of the bound. The underlying assumption is that the |
is zero. Bounds checking is expanded on the MC68020 by providi
instructions, CHK2 and CMP2. These instructions allow checking :
of both the upper and lower bounds. These instructions mé
or unsigned. The CMP2 instruction setsﬁhe condition ¢
the CHK2 instruction, in addition to setting the conditi
trap if either boundary condition is exceeded.

either signed
pon completion;
es, takes a system

SYSTEM TRAPS

Three additions have been made to th
The current trap on overflow (TRA
TRAPcc format where any condit
dition. The TRAPcc instruction is:
additional words followin
may be presented to th
when needed to provi
run-time debuggin
direction to run-ti

m trap capabilities of the MC68020.
nstruction has been expanded to a
de is allowed to be the trapping con-
panded to optionally provide one or two
 trap instruction so user-specified information
p handler. These additional words can be used
ple error codes or debug information for interactive
)st-mortem program dumps. Compilers can provide
xecution routines for handling specific conditions.

nstruction (BKPT) is used to support the program breakpoint
\ bug monitors and real-time in-circuit or hardware emulators,
operation will be dependent on the actual system implementation.
on of this instruction causes the MC68020 to run a breakpoint acknowl-
us cycle with a 3-bit breakpoint identifier placed on address lines A2-Ad.
s 3-bit identifier permits up to eight breakpoints to be easily differentiated.
he normal response to the MC68020 is an operation word (typically an in-
struction originally replaced by the debugger with the breakpoint instruction)
placed on the data lines by external debugger hardware, and the breakpoint
acknowledge cycle is properly terminated. The MC68020 then executes this
operation word in place of the breakpoint instruction. The debugger hardware
can count the number of executions of each breakpoint and halt execution after
a predetermined number of cycles.

MOTOROLA MC68020 TECHNICAL DATA 11



MULTIPROCESSING

MODULE SUPPORT

12

To further support multiprocessing with the MC68020, a compare and swap
instruction {CAS) has been added. This instruction uses the read-modify-write
cycle to compare two operands and to swap a third operand, pending the results
of the compare. A variant of this instruction, CAS2, performs similarly, com-
paring dual operand pairs and updating two operands.

These multiprocessing operations are useful when using common memory tQ
share or pass data between multiple processing elements. The read-mao
write cycle is an indivisible operand that allows reading and updating
operand used to control access to the common memory elements
instruction is more powerful since dual operands allow the “lock’
and two values (i.e., both pointers in a doubly linked list) to B
cording to the lock’s status, in a single operation.

The MC68020 includes support for modules with
return from module (RTM) instructions. T
module descriptor. This descriptor contain
the associated module. The CALLM i
and stores the module state in that |
previous module state from the stac

all module (CALLM) and
LM instruction references a
ol information for entry into
ction creates a module stack frame
. The RTM instruction recovers the
ame and returns to the calling module.

The module interface also
control by external hardw
access control inform
the access control
verify that the ¢

ides a mechanism for finer resolution of access
re. “Although the MC68020 does not interpret the
t does communicate with external hardware when

“be changed and relies on the external hardware to
es are legal.

When use ubroutine calls and returns with proper descriptor formats,
M cause the MC68020 to verify legitimate access to modules.

VIRTUAL MEMORY/MACHINE CONCEPTS

The full addressing range of the MC68020 is 4 Gbytes (4,294,967,296); however,
most MC68020 systems implement a smaller physical memory. By using virtual
memory techniques, the system can be made to appear to have a full 4 Gbytes
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), virtual memory can be fully supported
in microprocessor-based systems.
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In a virtual memory system, a user program can be written as though it has a
large amount of memory availabie to it when only a smaller amount of memory
is physically present in the system. In a similar fashion, a system provides user-
program access to other devices 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 can be given full access to all of
the resources of that emulated system. Such an emulated system is called a
virtual machine.

VIRTUAL MEMORY

The basic mechanism for supporting virtual memory is to
amount of high-speed physical memory that can be acces
processor while maintaining an image of a much larger
secondary storage devices such as large-capacity dis
cessor attempts to access a location in the virt mory map that is not
resident in physical memory (referred to as a p: ault), the access to that
location is temporarily suspended while the necessary data is fetched from
secondary storage and placed in physncal ~ y; the suspended access is
then either restarted or continued.

a limited
directly by the
tual memory on
res. When the pro-

The MC68020 uses instruction cont
instruction continuation, the MC6
stack when a bus cycle is te
program counter with the 4
from the exception vec
execution at that new:

n to support virtual memory. To use
) stores its internal state on the supervisor
nated with a bus error signal. It then loads the
ress of the virtual memory bus error handler
ble (entry number two) and resumes program
ress. When the bus error exception handler routine
on, an RTE instruction is executed, which reloads the
'ternal state stored on the stack, reruns the faulted bus
), and continues the suspended instruction.

ontinuation is crucial to the support of virtual /O devices in mem-
I/O systems. Since the registers of a virtual device may be simu-
he memory map, an access to such a register will cause a fault, and
ction of the register can be emulated by software.

/IRTUAL MACHINE

A typical use for a virtual machine system is the development of software, such
as an operating system, for a machine under development and not yet available
for programming use. In such a system, a governing operating system emulates

MOTOROLA MC68020 TECHNICAL DATA 13



the hardware of the prototype system and allows the new operating system
to be executed and debugged as though it were running on the new hardware.
Since the new operating system is controlled by the governing operating sys-
tem, it is executed at a lower privilege level than the governing operating
system. Thus, any attempts by the new operating system to use virtual re-
sources 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 governing operating system executes in the supervyi
mode, and any attempt by the new operating system to access supg
resources or execute privileged instructions will cause a trap to the
operating system.

ning

OPERAND TRANSFER MECHANIS

Though the MC68020 has a full 32-bit data bus, it @
matically and dynamically downsize its bus to 8
are unable to accommodate the entire 32 bits
grammer to write code that is not bus-wid
(32-bit) accesses to peripherals may be use
transfer only the amount of data that t
allows the peripheral to define its p.
MC68020 will dynamically size the
bus cycles when necessary. Henc
for each device port size o
designers have flexibility,
implementations.

‘the ability to auto-
its if peripheral devices
is feature allows the pro-
ific. For example, long-word
e code; yet, the MC68020 will
peripheral can manage. This feature
as 8, 16, or 32 bits wide, and the
ta transfer accordingly, using multiple
grammers are not required to program
fow the specific port size before coding; hardware
ose implementations independent of software

ccomplished through the use of the data transfer and
SACK) signals and occurs on a cycle-by-cycle basis. For
processor is executing an instruction that requires reading a
rand, it will attempt to read 32 bits during the first bus cycle to
d address boundary. If the port responds that it is 32 bits wide, the
latches all 32 bits of data and continues. If the port responds that it
s wide, the MC68020 latches the 16 valid data bits of data and runs
ther cycle to obtain the other 16 bits of data. An 8-bit portis handled similarly
but four bus read cycles are required. Each port is fixed in assignment to
particular sections of the data bus.

Dynamic bus sizin
size acknowled
example, ift

Justification of data on the bus is handled automatically 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
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determines which portion of the bus is needed to support the transfer and
dynamically adjusts to read or write data on those data lines.

The MC68020 always transfers 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 misaligned data requires multiple bus cycles, the MC68020
automatically runs the minimum bus cycles.

COPROCESSOR INTERFACE

struction set of
on of specialized
floating point, the
ted by the MC68881/

The coprocessor interface is a mechanism for extending tl
the M68000 Family. Examples of these extensions are th
data operands for the existing data types or, for the
inclusion of new data types and operations implem
MC68882 floating-point coprocessors.

The programmer’s model for the M63000
on sequential, nonconcurrent instructi >
completely executed prior to the b ing of the next instruction. Hence,
instructions do not operate con ly in the programmer’s model. Most
microprocessors implement the sequential model, which greatly simplifies the
programmer responsibilitie: ce sequencing control is automatic and dis-
crete.

nily of microprocessors is based
cecution — i.e., each instruction is

The M68000 copro
model and provi
execution mo
not to overl

interface is designed to extend the programmer's
support for the sequential, nonconcurrent instruction
{ence, instruction execution by the coprocessor is assumed
instruction execution of the main processor. The M68000
nterface does allow concurrent operation when concurrency can
ccommodated. For example, a Motorola floating-point coproces-
the MC68020 to proceed executing instructions while the coproces-
nues a floating-point operation, up to the point that the MC68020 sends
er request to the coprocessor. Adhering to the sequential execution model,
coprocessor completes each instruction before it starts the next, and the
MC68020 is allowed to proceed in concurrent fashion.

Coprocessors are divided into two types by their bus-utilization characteristics.
A direct memory access (DMA) coprocessor can control the bus independent
of the main processor. A non-DMA coprocessor cannot control the bus. Both

MOTOROLA MC68020 TECHNICAL DATA 15



coprocessor types utilize the same protocol and main processor resources.
Implementation of a coprocessor as a DMA or non-DMA type is based primarily
on coprocessor bus bandwidth requirements, performance, and cost.

The communication protocol between the main processor and the coprocessor
necessary to execute a coprocessor instruction is based on a group of copro-
cessor interface registers (see Table 3), which are defined for the M68000 Family
coprocessor interface. The MC68020 hardware uses standard M68000 asyn-
chronous bus cycles to access the registers. Thus, the coprocessor does n
require special bus hardware; the bus interface implemented by a coprocg

Register

Response

Control

Save

Restore

.| Current Coprocessor Instruction

w
Coprocessor Specific Command W
w

Condition to be Evaluated

32-Bit Operand RW
R

gister Select Specifies CPU Register or Mask

nstruction Address | Pointer to Coprocessor Instruction] RAW

Operand Address | Pointer to Coprocessor Operand | RW

" microprocessors in the M68000 Family can operate any M68000 copro-
sor even though they may lack the hardware implementation of the copro-
‘cessor interface. Since the coprocessor is operated through the coprocessor
interface registers, which are accessed via normal asynchronous bus cycles,
the coprocessor can be used as a peripheral device. Software easily emulates
the communication protocol by appropriately addressing the coprocessor in-

terface registers and by passing the required coprocessor commands and op-
erands.
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The coprocessor interface registers are implemented by the coprocessor in
addition to those registers implemented as extensions to the MC68020 pro-
grammer’'s model. For example, the MC68881/MC68882 implement the copro-
cessor 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 con-
trol/status registers used by the MC68881/MC68882 programmer.

Up to eight coprocessors are supported in a single system with a system-uniqus
coprocessor identifier encoded in the coprocessor instruction. When acce
a coprocessor, the MC68020 executes standard read and write bus ¢
CPU address space, as encoded by the function codes, and places
cessor identifier on the address bus to be used by chip-select logie
the particular coprocessor. Since standard bus cycles are used
coprocessor, the coprocessor may be located according to sy
quirements, whether it is located on the microprocessor
board on the system bus, or any other place supporte
coprocessor protocol using standard M68000 bus cy

o select
ccess the
1 design re-
Jus, on another
chip-select and

COPROCESSOR PROTOCOL

Interprocessor transfers are all initiate
cessor instruction execution. Durin rocessing of a coprocessor instruc-
tion, the main processor transfers ction information and data to the
associated coprocessor and receives data requests, and status information
from the coprocessor. These nsfers are all based on the M68000 bus cycles.

the main processor during copro-

The typical coprocesso ocol for the main processor is as follows:
“initiates the communication by writing control in-
cation in the coprocessor interface.
3ssor reads the coprocessor response to that information.
ponse may indicate the coprocessor is busy and that the main
ssor should requery the coprocessor, allowing the main pro-
ssor and coprocessor to synchronize their concurrent operations.
- The response may indicate some exception condition; the main pro-
cessor acknowledges the exception and begins exception process-
ing.
The response may indicate that the coprocessor 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 service is com-
plete.

formation
B. The mai
1. T
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PRIMITIVES/RESPONSE

18

4. The response may indicate that the main processor 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 point in the coprocessor protocol, as the
main processor continues to execute the instruction stream, the main
processor may operate concurrently with the coprocessor.

When the main processor encounters the next coprocessor instruction, the
main processor queries the coprocessor until the coprocessor is ready;
while, the main processor can service interrupts and perform a conte
to execute other tasks.

Each coprocessor instruction type has specific requirement
simplified protocol. The coprocessor interface may use as
words as required to implement a coprocessor instructi

on this

The coprocessor response register communic
processor. The content of the coprocess
instruction to the main processor, whi
nication by the main processor. Theffain processor executes this primitive,
thereby providing the services required by the coprocessor for performing the

coprocessor command. Table 4 symmarizes the coprocessor primitives ac-
cepted by the MC68020.

ervice requests to the main
ponse register is a primitive
s read during coprocessor commu-
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Table 4. Coprocessor Primitives

Primitive Function

Processor Synchronization Busy with Current Instruction

Proceed with Next Instruction, If No Trace
Service interrupts and Requery, 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 Regis
Transfer Multiple CPU
Transfer Multiple Cg; r Registers

anPC

The types of exceptions and the exception processing sequence are discussed in
the following paragraphs.

EXCEPTION TYPES

Exceptions can
nally generat
interrupts a

cnerated by either internal or external causes. The exter-
eptions are interrupts, bus error, and reset requests. The
.requests from peripheral devices for processor action; whereas,
and reset pins are used for access control and processor restart.
ly generated exceptions come from instructions, address errors,
‘or breakpoints. The TRAP, TRAPcc, TRAPV, cpTRAPcc, CHK, CHK2, and
tructions can all generate exceptions as part of their instruction exe-
ion. Tracing behaves like a very high priority, internally generated interrupt
henever it is processed. The other internally generated exceptions are caused
by illegal instructions, instruction fetches from odd addresses, and privilege
violations.
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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 pro-
cessor into the supervisor state. Also, the T1 and TO bits are negated, allowing
the exception handler to execute 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 determin
interrupts, the vector number is obtained by a processor read that i is
as an interrupt acknowledge cycle. For coprocessor-detected exc
vector number is included in the coprocessor exception pri
For all other exceptions, internal logic provides the vector nu
number is then used to generate the address of the exce

. This vector
vector.

The third step is to save the current processor status
is created and filled on the supervisor stack. To minim
state that is saved, various stack frame sizes are
state, depending on the type of exception
struction processing. If the exception is af
M bit is then cleared, and a short four-wi
the master stack, indicating the exce
stack. If the exception is a reset,
vector is accessed.

exception stack frame
he amount of machine
2d to contain the processor
here it occurred during in-

terrupt and the M bit is set, the
exception stack frame is saved on
is saved on the bottom of the interrupt
bit is simply cleared, then the reset

The MC68020 provides a
M bit is set, the mast ;
tions. When a nonta

cleared, and the i
task’s stack ar

‘ension to the exception stacking process. If the
pointer (MSP) is used for all task-related excep-
ated exception occurs (i.e., interrupt), the M bit is
pt stack pointer (ISP) is used. This feature allows all the
be carried within a single processor control block, and new
ted by simply reloading the master stack pointer and setting

exception vector offset is determined by multiplying the vector number
four. This offset is then added to the contents of the vector base register
BR) 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 normal instruction
decoding and execution is started.
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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, known as locality of
reference, has an impact on program performance. The MC68010 takes limited
advantage of this phenomenon with loop mode operation, which allows certain
instructions, when coupled with the DBcc instruction, to execute without the
overhead of instruction fetches. In effect, this is a three-word cache. Althou
the cache hardware has been supplied in a full range of computer system

many years, technology now allows this feature to be integrated into
croprocessor.

MC68020 CACHE GOALS

There were two primary design goals for the MC68020
The first design goal was to reduce the processor e
given M68000 system, the processor will use app
(or greater) of the available bus bandwidth due
fetching algorithm and the overall speed of
an M68000 system with more than one b
a DMA device) or in a multiprocessor s
occur due to lack of available bus b
the MC68020 on-chip cache was t
available bus bandwidth.

rocessor cache.
bus activity. In a
tely 80 to 90 percent
extremely efficient pre-
ernal architecture. Thus, in
naster (such as a processor and
em, performance degradation can
th. Therefore, an important goal for
wide a substantial increase in the total

The second design goal
memory sizes or slower!
a high-speed cache b
the effective access

increase effective CPU throughput as larger
ories increased average access time. By placing
eecn the processor and the rest of the memory system,
. now becomes:

tace = h*tcache + (1—h)*text

ase or allows much slower and less expensive memories to be used for
ame processor performance.

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 (mini-
mum) required for an external access. Any instruction fetch that is currently
resident in the cache will provide a 33-percent improvement over the corre-
sponding external access. Second, the cache allows instruction stream fetches
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and operand accesses to proceed in parallel. For example, if the MC68020
requires both an instruction stream access and an operand access and if the
instruction is resident in the cache, the operand access proceeds unimpeded
rather than being queued behind the instruction fetch. Similarly, the MC68020
is capable of executing several internal instructions (instructions that do not
require the bus) while completing an operand access for another instruction.

INSTRUCTION CACHE

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

MC68020 PREFETCH ADDRESS

FFF|A AAAAAAAAAAAARAA

CCCl|3 esee 222211 11111111

21 0|1 32109876543210
A

sl inre—

* 32

7 REPLACEMENT DATA
25 16 16

% TO INSTRUCTION PATH
HIT o

CACHE CONTROL

COMPARATOR

Figure 5. On-Chip Cache Organization

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
instruction words that are written into the on-chip cache. When the cache is
enabled, the subsequent prefetch finds the next 16-bit instruction word in the
cache and saves the related bus cycle. However, even if the cache is not enabled,
the bus controller still holds the full 32 bits and can satisfy the subsequent
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prefetch and again save the related bus cycle. Thus, even when the on-chip
instruction cache is not enabled, the bus controller can provide a savings of

up to 50 percent of instruction prefetches.

The MC68020 is offered in a 114-lead pin grid array (PGA) package. Figur
illustrates the functional signal groups, and Table 5 lists the signals and

function.

FUNCTION
CODES

ADDRESS
BUS

DATA
BUS

TRANSFER
SIZE

’

ASYNCHRONOUS <
BUS CONTROL

MOTOROLA

SIGNAL DESCRIPTION

(rovres ]
rom—]

e SIZ0
¢ SIZ1

c ECS
0cs

MC68020

CDIS CACHE
< CONTR
INTERRUPT

PRIORITY .
C—

INTERRUPT
CONTROL

BUS ARBITRATION
CONTROL

BUS EXCEPTION
CONTROL

Ve (10)
.e____.__
GND {13)
g —— e

Figure 6. Functional Signal Groups

Group Vee GND
Address Bus A9, 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 TECHNICAL DATA

ND pins are separated into four groups to provide individual
y connections for the address bus buffers, data bus buffers, and
utput buffers and internal logic.

23



24

Table 5. Signal Index

Signal Name Mnemonic Function

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

Address Bus AO0-A31 32-bit address bus.

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

Size SIZ0/SIZ1  |indicates the number of bytes remaining to be transferred
for this cycle. These signals, together with A1 and AQ, defin
the active sections of the data bus.

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

Operand Cycle Start 0OCs

Read/Write RW

Read-Modify-Write Cycle RMC

Address Strobe AS

Data Strobe DS

Data Buffer Enable DBEN

Data Transfer and DSACKO/ ignals that indicate the requested data trans-

Size Acknowledge DSACK1 has completed. In addition, these two lines

Interrupt Priority Level

Prévides an encoded interrupt level to the processor.

Interrupt Pending

%%ndicates that an interrupt is pending.

Autovector

Requests an autovector during an interrupt acknowledge
cycle.

Bus Request

Indicates that an external device requires bus mastership.

Bus Grant

Indicates that an external device may assume bus master-
ship.

Bus Grant Acl

Indicates that an external device has assumed bus master-
ship.

RESET System reset.
HALT Indicates that the processor should suspend bus activity.
BERR Indicates that an erroneous bus operatian is being at-
tempted.
CDIS Dynamically disables the on-chip cache to assist emulator
support.
CLK Clock input to the processor.
Power Supply Vee Power supply.
Ground GND Ground connection.
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ELECTRICAL SPECIFICATIONS

MAXIVMIUM RATINGS

Rating Symbol Value Unit
Supply Voltage vCC -0.3to +7.0 A
Input Voltage Vin -0.5to +7.0 \
Operating Temperature Range
Minimum Ambient Temperature TA 0
Maximum Ambient Temperature TA
PGA , PPGA,PQFP 70 oC
Maximum Junction Temperature Ty
CQOFP 110

THERMAL CONSIDERATIONS

The average chip-junction temperature, T J, in °C can be obtained fr

Ty=TA+(PD* 6A) (n

where:

Ta = Ambient Temperature, °C ‘

64A = Package Thermal Resistance, Junctign- mbient, °C/W

Pp = PINT+PyO ¢

PINT = lgc x Vee. Watts — Chip Internal Pewer

Pij0 = Power Dissipation on Input a gtput Pins — User Determined

For most applications, Pjyjo<P|NT and can be neglected.

An approximate relationship betweenPp and T (if P/0 is neglected) is:

Pp=K + (T J+273°C) (2)
Solving Equations (1) and (2} for K gives:

K=Pp « (TA + 273°C) + 6_a*Pp? (3)

A_k 0JC represents the barrier to heat flow from the semiconductor junction to the
ge (case) surface, and 8CA represents the barrier to heat flow from the case to the
ient air. These terms are related by the equation:

03A=6,c +6ca (4)
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8JC is device related and cannot be influenced by the user. However, 8ca is user dependent
and can be minimized by such thermal management techniques as heat sinks, forced air
cooling, and use of thermal convection to increase air flow over the device. Thus, good
thermal design on the part of the user can significantly reduce 6CA so that 6)a approximately
equals 8jC. Substitution of 8¢ for 8jA in equation (1) results in a lower semiconductor
junction temperature.

Thermal Resistance (°C/W)

The following table provides thermal resistance characteristic for junction to ambie
junction to case for the different packages with natural convection and no heatsink

Characteristic — Natural Convection and No Heatsink

Thermal Resistance

PGA Package

PPGA Package
CQFP Package
PQFP Package

Resistance is to bottom center (pin side) of case for PGA and PPGA package
of case for CQFP package.

COFP Package

Table 5 provide typical and worst case thermal char s for the CQFP package both with and
without a heatsink. The heatsink used is black anodized alluminum alloy, 0.72"x0.75"x0.6"
high with an omnidirectional 5x6 array of fins' hment was made using Epolite 6400 one
part epoxy.

Table 5. 04 Vs flow - COFP package

Airflow in linear feet/minute
0* 200 500
84A Maximum
46 28 24
35 20 18
43 25 21
32 17 15
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Table 6 shows the relationship between clock speed and power dissipation for any package
type. The worst case operating conditions are used for thermal management design, while
typical values are used for reliability analysis.

Table 6. Power vs. Rated Frequency (at Tj) Maximum = 110°C)

Rated Pp Maximum Pp Typical
Frequency
MHz Watts Watts
33 1.4 0.84
25 1.2 0.72
20 1.0 0.60
16 0.9 0.54

Table 7 shows the relationship between board temperature rise and power dj
test environment for the CQFP package. Derate 6jA based on measure
application by adding (0.8/PD}*[Tpa(application)-Tbaltable)! to the 6JA"
Board temperature was measured on the top surface of the board dir

‘ made in the
85 in the table.
der the device.

Table 7. Temperature Rise of Board vs. Pp - CQ age

Natural Convection

0.6W oW | 1.75W
Tpha (°C) - No Heatsink 18 53

Values for thermal resistance presented in this®doctment were derived using the procedure
described in Motorola Reliability Report 78 hermal Resistance Measurement Method for
MCB8XX Microcomponent Devices,” an .provided for design purposes only. Thermal
on procedure and setup. User derived values for

measurements are complex and depend
thermal resistance may differ.
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AC ELECTRICAL SPECIFICATIONS 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 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
7. To test the parameters guaranteed by Motorola, inputs must be driven
the voltage levels specified in Figure 7. Outputs of the MC68020 are spe
with minimum and/or maximum limits, as appropriate, and are mea
shown. Inputs to the MC68020 are specified with minimum and, as apj
maximum setup and hold times, and are measured as shown: ally, the
measurements for signal-to-signal specifications are also sho

Note that the testing levels used to verify conformance ¢
AC specifications does not affect the guaranteed DC o
specified in the DC electrical characteristics.

‘MC68020 to the
ion of the device as
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DRIVE
TO24V

20V
cLK &
o8V
DRIVE TO
05V
20V 20V
VALID VALID —
OUTPUTS()GLK o i ¢ OUTPUT n+1 <A
08V 08V
OUTPUTS(2) CLK
DRVETO _gp-
24V /
INPUTS(3) CLK
DRVETO _s.
05V

DRIVE
< 1024V
INPUTS{4) CLK /
DRIVE
~< Too0sv
ALL SIGNALS(S)

pplicable to all parameters specified relative to the rising edge of the clock.
pplicable to all parameters specified relative to the fallmg edge of the clock.

lng is apphcab!e to all parameters specified relative to the rising edge of the clock.

ng is applicable to all parameters specified relative to the falling edge of the clock.

is applicable to all parameters specified relative to the assertion/negation of another signal.

LE
um output delay specification.

inimum output hold time.

Minimum input setup time specification.

D. Minimum input hold time specification.

E. Signal valid to signal valid specification (rnaximum ar minimum).
F. Signal valid to signal invalid specification {maximum or minimum).

Figure 7. Drive Levels and Test Points for AC Specifications
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DC ELECTRICAL SPECIFICATIONS (v¢c=5.0 Vdc=5%; GND=0 Vdc: Temperature within

described ranges)

IgH =400 pA

0OCS, RMC, SIZ1-SIZ0, FC2-FC0,

Characteristic Symbol | Min Max | Unit
Input High Voltage Vi 2.0 Vee Y
Input Low Voltage Vi GND 0.8 \
-05
Input Leakage Current BERR, BR, BGACK, CLK, IPLO-IPL2, AVEC, lin -1 1.0 A
GND =V, < Ve CDIS, DSACKO, DSACK
HALT, RESET
Hi-Z (Off-State) Leakage Current A31-A0, AS, DBEN, DS, D31-D0, FC2-FCO,
(u 24 V0.5V RW, RMC, SIZ1-51Z0
Qutput High Voltage A31-A0, AS, BG, D31-D0, DBEN, DS, ECS, RW, IPEND,

Output Low Voltage

lgL=3.2 mA A31-AQ, FC2-FC0, SIZ1-81Z0, BG, D31-D0
lgL=5.3 mA AS, DS, R/W, RMC, DBEN, IPEND
loL=2.0 mA ECS, OCS
lor =107 mA HALT, RESET
Power Dissipation (T4 =0°C) — 2.0 w
Capacitance {see Note) — 20 pF
Vin=0 V, TA=25°C, f=1MHz
Load Capacitance — 50 pF
130
NOTE: Capacitance is periodically sampled rather than 100% tested
AC ELECTRICAL SPECIFICATIONS CLOCK INPUT (see Figure &)
16.67 MHz 20 MiHz 25 MHz2* 33.33 MHz
Num. Characteristic Unit
Min | Max | Min | Max | Min | Max | Min | Max
Frequency of Operation 8 |1667]| 125 20 | 125 25 | 12,5 |33.33| MHz
1 |Cycle Time 60 1256 | 50 80 40 80 30 80 ns
2, 3 {Clock Pulse Width (Mea om 15Vto 15V | 24 95 20 54 19 61 14 66 ns
for 25 and 33.33 MHz
4,5 |Rise and Fall Tim — 5 — 5 — 4 — 3 ns

*These specifications &

St an improvement over previously published specifications for the 25-MHz MC68020 and
bearing date codes of 8827 and later.

are valid only fo

30
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should start outside and pass through ange such that the rise or fall will be linear
between 0.8 Vand 2.0 V.

Figure ck Input Timing Diagram
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES

(Voo =5.0 Vdc =5%; GND=0 Vdc; Temperature within described ranges)

16.67 MHz 20 MHz 25 MHz* 33.33 MHz

Num. Characteristic Min | Max | Min | Max | Min { Max | Min | Max Unit
6 |Clock High to Address, FC, Size, RMC Valid 0 30 0 25 0 25 0 21 ns
6A [Clock High to ECS, OCS Asserted 0 20 0 15 0 12 0 10 | ns
7 |Clock High to Address, Data, FC, Size, RMC, 0 60 0 50 0 40 0 30 ns

High Impedance
8 |Clock High to Address, FC, Size, RMC invalid
9 |Clock Low to AS, DS Asserted

A" |AS to DS Assertion (Read) (Skew)

9B'" |AS Asserted to DS Asserted (Write)
10 |ECS Width Asserted

10A {OCS Width Asserted

1087 |ECS, OCS Width Negated

11 |Address, FC, Size, RMC Valid to AS
(and DS Asserted Read)

12 |Clock Low to AS, DS Negated
12A |Clock Low to ECS, OCS Negated

13 |AS, DS Negated to Address, FC, Size,
RMC Invalid

14 |AS {and DS Read) Width Asserted
14A |DS Width Asserted Write

15 |AS, DS Width Negated
15A8 |DS Negated to AS Asserted

16 |Clock High to AS, DS, R/W, DBEN
High Impedance

17 |AS, DS Negated to RW Invalid
18 |Clock High to RAW High
20 |Clock High to RAW Low
21 |RW High to AS Asserted

0 30 0 25 0 20 15 ns

5

0 30 0 25 0 20 0 15 ns
0
5

22 |RAW Low to DS Asserted 7% | — 60 ] — |5 | — |3 ]| —1ns

23 [Clock High to Data @t V, — | 30| —] 25| |2 —118]ns

25 Invalid 15 — 10 — 5 — 5 — ns

25A% |DS BEN Negated (Write) 15 | — 10 — 5 — 5 — ns

26 | DS Asserted (Write) 1% | — | 10| — 5 — 5 — | ns

27 |Data: | 5 — 5 — 5 — 5 — ns

27A lLate:BERR/HALT Asserted to Clock 20| — 1| =10 —1]51{—1ns

’ Setup Time
AS, DS Negated to DSACKx, BERR, HALT, 0 | 86} o |6 | 0 |5s0]| 0| 4| ns
AVEC Negated

DS Negated to Data-In Invalid ol —J o —]o | =101 —1|ns
(Data-In Hold Time)

DS Negated to Data-In {High Impedance) — 60 — 50 — 40 — 30 ns

312 |DSACKx Asserted to Data-in Valid — |50 | — | 8| {32 —117]ns

31A3 |DSACKx Asserted to DSACKx Valid — |15 =1 10| - 0 | — | 10| ns

{DSACK Asserted Skew)
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AC ELECTRICAL SPECIFICATIONS (continued)

16.67 MHz 20 MHz 25 MHz* 33.33 MHz

Num. Characteristic Min | Max | Min | Max | Min | Max | Min | Max | o™
32 |RESET Input Transition Time — |15 — |} 15| — | 15 ] — | 15 | Clks
33 |Clock Low to BG Asserted 0 30 0 25 0 20 0 20 | ns
34 |Clock Low to BG Negated 0 30 0 25 0 20 0 20 | ns

35 |BR Asserted to BG Asserted (RMC Not Asserted) 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5
37 |BGACK Asserted to BG Negated 15 | 35 115 [ 35| 15| 35| 15 ] 35
37A8 |BGACK Asserted to BR Negated 0 15 0 1.5 0 1.5 0 15

39 |BG Width Negated 90 | — 60

39A |BG Width Asserted 90 | — ns
40 |Clock High to DBEN Asserted {Read) 0 30 ns
41 |Clock Low to DBEN Negated {Read) 0 30 ns
42 |Clock Low to DBEN Asserted (Write) 0 30 ns

43 |Clock High to DBEN Negated {Write)
44 |RAW Low to DBEN Asserted (Write)

455 |DBEN Width Asserted Read
Write

ns

ns

ns

46 [R/W Width Valid (Write or Read)
47A |Asynchronous Input Setup Time

ns

ns

47B |Asynchronous Input Hold Time
48% |DSACKx Asserted to BERR, HALT Asserted
53 [Data Out Hold from Clock High

55 [R/W Valid to Data Bus Impedance Change
56 |RESET Pulse Width (Reset Instruction)

ns

ns

ns

ns
Clks

57 |BERR Negated to HALT Negated (Reru 0 — 0 — 0 — Q — ns
5810 1BGACK Negated to Bus Driven 1 — 1 — 1 — 1 — | Ciks
5910 IBG Negated to Bus Driven 1 — | 1 - 1 — 1 — | ciks

ment over previously published specifications for the 25-MHz MC68020 and are
of 8827 and later.

*These specifications represent an i
valid only for product bearing d:

Temperature must be kept wi ibed ranges in the Thermal Characteristics section.
NOTES
1. This number ¢ luced to 5 ns if strobes have equal loads.
2. up time (#47A) requirements are satisfied, the DSACKx low to data setup time (#31) and

BERR low setup time (#48) can be ignored. The data must only satisfy the data-in to clock low setup
e following clock cycle, and BERR must only satisfy the late BERR low to clock low setup time (#27A)
wing clock cycle.

eter specifies the maximum allowable skew between DSACKO to DSACKT asserted or DSACK1 to DSACKO

; specification #47A must be met by DSACKO or DSACKT. .

pecification applies to the first (DSACKO or DSACK1) DSACKx signal asserted. In the absence of DSACKx, BERR

#n asynchronous input using the asynchronous input setup time (#47A).

ﬁBEN may stay asserted on consecutive write cycles. .

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

reasserted. . o

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 MC68887/MC68882 User's Manual). Without this specification, incorrect
interpretation of specifications #9A and #15 would indicate that the MC68020 does not meet the MC68881/MCE8882
requirements.
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AC ELECTRICAL SPECIFICATIONS (conciuded)

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 driving the bus
when the MC68020 regains control of the bus after an arbitration sequence. _

11, This specification allows system designers to gualify 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 {specification #88 of the MC68881/MC68582
User’s Manual).
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NOTE: Timing measurements are referenced to and from a low voltage of 0.8 V
and a high voltage of 2.0 V, unless otherwise noted. The voltage swing
through this range should start outside and pass through the range such
that the rise or fall will be linear between 0.8 Vand 2.0 V.

/

G;)N\

Figure 9. Read Cycle Timing Diagram
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0 S1 52 83 sS4 S5

CLK_/

—

A31-AD

FC2-FCo

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

Figure 10. Write Cycle Timing Diagram
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S0 S1 82 S3 sS4 85

CLK

A31-A0

D31-D0

FC2-FCO

SIZ1-8120

DSACKO

DSACK1

BGACK

/S

NOTE: Timing measurements are referenced to and from a low voitage of 0.8 V and a high voltage
of 2.0V, unless otherwise noted. The voltage swing through this range should start outside
and pass through the range such that the rise or fall wiil be linear between 0.8 Vand 2.0 V.

Figure 11. Bus Arbitration Timing Diagram
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MECHANICAL DATA
PIN ASSIGNMENTS
Pin Grid Array (RC, RP Suffix)

/

NI O OO OO O OO0 O 0 0
D31 D28 D25 D22 D20 D17 GND Vcg D14 D12 D9
M 0O 0 O 0 0O O 0O 0 O 0o
DS D29 D26 D24 D21 Di8 D16 Vgg D13 D10 D6

L © O O O O O O O O O O

AS RW D30 D27 D23 D19 GND D15 Di1 D7 GND

K O O O
GND HALT GND

J o © 0O
DSACK1 BERR GND

H o O O

CDIS AVEC DSACKO

G o O O MC68020

ECS SIZ1 DBEN Ve GND Vg
F O O O O O
SIZ0 FC2 FCi GND IPEND
E o O O o O
FCO RMC Vg A2 0OCS
D O 0O O o O
Veeo Vec Voo Ad A3

c|l._ o oo o o O O 00 O O
RESET CLK GND A0 A28 A% A21 A17 Al6 A2 A3 A7 AS
Bl ©O O O 0,00 O O O O O O O

7 A24 A2 A8 GND Di5 D13 A0 A6
0 0 0 O O O O O
A2 A23 A22 A19 Voo GND A4 ATt A8

4 5 6 7 8 9 10 11 12 13
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Ceramic Quad Flat Pack (FE Suffix)
Plastic Quad Flat Pack (FC Suffix)

] DSACK1

] BERR

DSACKO

NG
] GND
186
VoD
—1GN\ND
] GND
] oK
[ RESET
[~ 1VoD
VoD
] RMC
] Fco
] FCt
] FC2
15120
@[ Isz
] DBEN
|
[ ]
1
]

—y
(&)
n

® 5N

NC* [t
BGAC [
BR[]
ro [
Al
A [
A30 ]
A29 [
A28 ]
A7 [
a6
A25 [
A24 ]
A3
A
a2t ]
A20[24 TOP VIEW
at9 [
A8 [
A7
vpp [
vpp [
aND [
GND [
A6 [
A1s [
a4 [
a3
A2 [
A
Ato ]
ne [
N [

ot connect to this pin.
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PACKAGE DIMENSIONS

RC Suffix
Case No. 791-01

1
0

P
;

P OOTOmMMMOIcCcXrS2

PROOREOOOBEOE)

5 6 7 8 910111213

4
Sl
C

T T

? e

SURFACE.
2. POSITIONAL
(114 PLACES
410130005 ®]7[A ©]B ©]
3 NING AND TOLERANCING PER Y14.5M,

NCE FOR LEADS

OLLING DIMENSION: INCH

MILLIMETERS INCHES
MIN [ MAX | MIN [ MAX
34.04 | 3505 | 1.340 | 1.380
3404 | 3505 | 1340 | 1380
254 | 381 | 0100 | 0.150
043 | 055 | 0017 | 0022
254 BSC 0.100 BSC
432 | 495 | 0170 [ 0195
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RP Suffix
Case No. 789E-02

MOTOROLA

A

—]

POOOLOEOOOBGHS

iolcfotoloJololololo]
@88@@@@@@@@

e
PO
Pee
PeO
e
PO
PREEEEEOO
POOEOEO®
eeeeee

PRIOOMMOI RS2

ENSIONING AND TOLERANCING PER ANSI
14.5M, 1982.
. CONTROLLING DIMENSION: INCH.

MILLIMETERS INCHES
DIM | MIN [ MAX | MIN | MAX
A | 3468 | 3517 | 1.365 | 1.385
B | 3468 | 3517 | 1.365 | 1.385
c 407 457 | 0.160 | 0.180
D 0.44 055 | 0017 | 0.022
G 254 BSC 0.100 BSC
K 293 368 | 0.115 | 0.145
L 0.26 076 | 0.010 | 0.030
v 30.48 BSC 1.200 BSC
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FE Suffix
Case No0.831-01

S -]

[#]o20008® [T[x0 -vO 10

=

A |

[+]os1000® TT[XO —v® [0 |

A

HE

=
=3
P
===
p—
=]
=]
=
=

W]

|

0,10 (0.004)
SEATING PLANE

— D 1w

[¢]

02010.0080® |T1XZ —Y T 7"

&

MILLIMETERS INCHES NOTES:

M MIN | MAX | MIN | MAX 1. DIMENSIONING AND TOLERANCING

A | 2185 [2286 | 0860 | 0900 PER ANSI Y14.5M, 1982.

B8 | 2185 | 2286 | 0.860 | 0.900 2. CONTROLLING DIMENSION: INCH.

c 3.94 431 | 0155 | 0.170 3. DIM A AND B DEFINE MAXIMUM CERAMIC BODY

D 0.204 | 0.292 | 0.0080 | 0.0115 DIMENSIONS INCLUDING GLASS PROTRUSION

G 0.64 BSC 0.025 BSC AND MISMATCH OF CERAMIC BODY TOP AND

H | 064 | 088 | 0025 |0.035 BOTTOM.

J 0.13 020 | 0005 | 0.008 4. DATUM PLANE -W- IS LOCATED AT THE

K 0.51 076 | 0020 | 0030 UNDERSIDE OF LEADS WHERE LEADS EXIT

L 2032 REF 0.800 REF PACKAGE BODY.

M 0° g° r | & 5. DATUMS X-Y AND Z TO BE DETERMINED

A 0.64 — | 0025 | — WHERE CENTER LEADS EXIT PACKAGE BODY AT

S | 2731 | 275 | 1075 | 1085 DATUM -W-.

v | 2737 | 2755 11075 | 1.085 6. DIM S AND Vv TO BE DETERMINED AT SEATING
PLANE, DATUM -T-.

7. DIM A AND B TO BE DETERMINED AT DATUM
PLANE -W-.
MC68020 TECHNICAL DATA MOTOROLA



RC Suffix
Case No. 831A-01

s
[Hozemo [1]x0-v0[20  [Fineme [[[x®-7®]20]

0.05 {0.002)

.....

Hozswo® [1[x6-v6120]

0.05 {0.002]

SECTION P-P

INCHES NOTES:

MIN | MAX 1. DIMENSIONING AND TOLERANCING PER ANSI

0.947 | 0953 Y14.5M, 1982.

0.947 | 0953 2. CONTROLLING DIMENSION: INCH.

0160 | 0.180 3. DIMENSIONS A, B, N, AND R DO NOT INCLUDE

D 0.008 | 0.012 MOLD PROTRUSION. ALLOWABLE MOLD

G 0.025 BSC PROTRUSION FOR DIMENSIONS A AND B IS 0.25
H 0.020 | 0.040 {0.010), FOR DIMENSIONS N AN R 15 0.18 {0.007).
J 0.006 | 0.008 4. DATUM PLANE -W- IS LOCATED AT THE
K 0.020 | 0.030 UNDERSIDE OF LEADS WHERE LEADS EXIT
L 0.800 REF PACKAGE BODY.
M 3 & 5. DATUMS X-Y AND Z TO BE DETERMINED WHERE
N 1087 | 1.103 CENTER LEADS EX(T PACKAGE BODY AT DATUM
R 1.097 | 1103 W,
S 1075 | 1.085 6. DIMENSIONS S AND V TQ BE DETERMINED AT
Vv | 2731 | 2755 | 1.075 | 1.085 SEATING PLANE, DATUM -T-.

7. DIMENSIONS A, B, N, AND R TO BE DETERMINED
AT DATUM PLANE -W-.
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