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Technical Summary
HCMOS Floating-Point Coprocessor

The MC68881 floating-point coprocessor fully implements the /EEE Standard
for Binary Floating-Point Arithmetic (754) for use with the Motorola M68000
Family of microprocessors. it is implemented using VLS! technology to give
system designers the highest possible functionality in a physically small device.

Intended primarily for use as a coprocessor to the MC68020 32-bit micropro-
cessor unit (MPU), the MC68881 provides a logical extension to the main MPU
integer data processing capabilities. This extension is provided by a high-
performance floating-point arithmetic unit and a set of floating-point data reg-
isters that are utilized in a manner analogous to the use of the integer data
registers. The MC68881 instruction set is a natural extension of all earlier mem-
bers of the M68000 Family, and it supports all addressing modes of the host
MPU. Due to the flexible bus interface of the M68000 Family, the MC68881 can
be used with any of the M68000 MPU devices and peripheral to non-M68000
processors.

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

TECHNICAL DATA

MC68882

Technical Summary

HCMOS Enhanced
Floating-Point Coprocessor

The MC68882 floating-point coprocessor fully implements the /EEE Standard
for Binary Floating-Point Arithmetic (754) for use with the Motorola M68000
Family of microprocessors. An upgrade of the MC68881, it is pin and software
compatible with an optimized microprocessor unit (MPU) interface providing
in excess of 1.5 times the performance of the MC68881. It is implemented using
VLSI technology to give systems designers the highest possible functionality
in a physically small device.

Intended primarily for use as a coprocessor to the MC68020/MC68030 32-bit
MPU, the MC68882 provides a logical extension to the main MPU integer data
processing capabilities. This extension is achieved by providing a very high-
performance floating-point arithmetic unit and a set of floating-point data reg-
isters that are analogous to the use of the integer data registers. The MC68882
instruction set is a natural extension of all earlier members of the M68000
Family, and it supports all addressing modes of the host MPU. Due to the
flexible bus interface of the M68000 Family, the MC68882 can be used with any
of the M68000 MPU devices and as a peripheral to non-M68000 processors.

The major features of the MC68882 are as follows:

® Eight general-purpose floating-point data registers, each supporting a full
80-bit extended-precision real data format (a 64-bit mantissa plus a sign
bit and a 15-bit signed exponent)

® A 67-bit arithmetic unit to allow very fast calculations, with intermediate
precision greater than the extended-precision format

® A 67-bit barrel shifter for high-speed shifting operations (for normalizing,
etc.)

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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A fundamental goal of the M68000 Family coprocessor interface is to provide
the programmer with an execution model based upon sequential instruction
execution by the MC68020 and the MC68881. For optimum performance, how-
ever, the coprocessor interface allows concurrent operations in the MC68881
with respect to the MC68020 whenever possible. To simplify the programmer’s
model, the coprocessor interface is designed to emulate, as closely as possible,
nonconcurrent operation between the MC68020 and the MC68882.

The MC68881 is a non-DMA type coprocessor using a subset of the general-
purpose coprocessor interface supported by the MC68020. Features of the in-
terface implemented in the MC68881 are as follows:

The main processor(s) and MC68881 communicate via standard M68000
bus cycles.

The main processor{s) and MC68881 communications are not dependent
upon the instruction sets or internal details of the individual devices (e.g.,
instruction pipes or caches, addressing modes).

The main processor(s) and MC68881 may operate at different ciock speeds.

MC68881 instructions utilize all addressing modes provided by the main
processor.

All effective addresses are calculated by the main processor at the request
of the coprocessor.

All data transfers are performed by the main processor at the request of
the MC68881; thus, memory management, bus errors, address errors, and
bus arbitration function as if the MC68881 instructions were executed by
the main processor.

Overlapped (concurrent) instruction execution enhances throughput while
maintaining the programmer’s model of sequential instruction execution.

Coprocessor detection of exceptions requiring a trap to be taken are serv-
iced by the main processor at the request of the MC68881; thus, exception
processing functions as if the MCB88881 instructions were executed by the
main processor.

Support of virtual memory/machine systems is provided via the FSAVE
and FRESTORE instructions.

Up to eight coprocessors may reside in a system simultaneously; multiple
coprocessors of the same type are also allowed.

Systems may use software emulation of the MC68881 without reassem-
bling or relinking user software.

*Thraughout this technical summary, all references to the MC68020 also apply to the MC68030.
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PIN ASSIGNMENTS

68-LEAD PIN GRID ARRAY
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D31-D16 H8 J8

D15-D00 B8 B7
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* New assignment for the A93N mask.

** Reserved for future Motorola use.

“** SENSE pin, may be used as an additional GND pin.
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Figure 19. Asynchronous Write Cycle Timing Diagram
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The connection between the MC68020 and the MC68881 is a simple extension
of the M68000 bus interface. The MC68881 is connected as a coprocessor to
the MC68020, and the selection of the MC68881 is based upon a chip select
(CS), which is decoded from the MC68020 function codes and address bus.
Figure 7 illustrates the MC68881/MC68020 configuration.

l V Y

MC68881
%DE%%EDSE’ FLOATING-POINT MEMORY
COPROCESSOR

it TTTT ﬁﬁ ﬁﬁ

FUNCTION CODES

MCE8020 l I l
PROCESSOR ADDRESS BUS BUS EXTENSION

| L J L | l
< DATA BUS >

Figure 7. Typical Coprocessor Configuration

As shown in Figure 8, the MC68881 is internally divided into three processing
elements; the bus interface unit (BIU), the execution control unit (ECU), and
the microcode control unit (MCU). The BIU communicates with the MC68020,
and the ECU and MCU execute all MC68881 instructions.
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES

{Continued)
12 MHz 16.67 MHz | 20 MHz 25 MHz
Num Characteristic Min | Max | Min | Max | Min | Max | Min [ Max | Unit
12 |DS Width Asserted (Write) 50 — | 40 | — 38| — |3 | — ns
13 |DS Width Negated 50 | — |40 | — | 38| — 3] —]ns
13A% |DS Negated to AS Asserted 0| — 30| — |30 ~|258] =] ns
142 |CS, DS Asserted to' Data-Out Valid) {(Read) — | 1o | — 80 — |60 ] — | 4 ns
15 DS Negated to Data-Out Invalid (Read) 0 — 0 — 0 — 0 — ns
16 DS Negated to Data-Out High Impedance {Read) — 70 — 50 — 30 — 30 ns
17 Data-In Valid to DS Asserted (Write) 20 — 15 — 0] — 5 — ns
18 DS Negated to Data-In Invalid (Write) 20 — 15 — 10| — 5 — ns
192 |START True to DSACKO and DSACKT Asserted — 70 — 5 | — ]3| — |2 ns
19A7 |DSACKO Asserted to DSACK1 Asserted (Skew) -20] 20 | -15] 15 | -10| 10 | -10] 10 ]| ns
20  |DSACKO or DSACK] Asserted to Data-Out Valid — |60 | —|[5s0] —-|4a]—-]32]ns
218 |START False to DSACKO and DSACKT Negated — 70 — 50 — 30 — 30 ns
228 |START False to DSACKO and DSACK] — 90 - 70 — [ 40 ] — | 40 ns
High Impedance
2338 |START True to Clock High (Synchronous Read) 0 — 0 — o|l—]o ]| —1ns
243 |Clock Low to Data-Out Valid {Synchronous Read) — 140 | — 105 | — 80 — 60 ns
2538  ISTART True to Data-Out Valid {Synchronous Read) | — |140+| — |105+| — [80+| — |60+ ]| ns
15 | 25 15| 25 15125 ] 15| 25| Cks
26%  [Clock Low to DSACKU and DSACKT Asserted — 1w | — |7 | —|55]—|4]ns
(Synchronous Read)
2738 |START True to DSACKO and DSACK1 — [100+]| — | 75+ | — |55+ | — |45+ ]| ns
Asserted (Synchronous Read) 15| 25 | 15| 25 |16} 25| 15| 25 | Clks
NOTES:
1. 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 V and 2.0 V.

2. These specifications only apply if the MC68881 has completed all internal operations initiated by the termination of
the previous bus cycle when DS was negated.

. Synchronous read cycles occur onfy when the save or response CIR locations are read.

. This specification only applies to systems in which back-to-back accesses (read-write or write-write) of the operand
CIR can occur. When the MC68881 is used as a coprocessor to the MC68020/MC68030, this can occur when the
addressing mode is immediate.

. If the SIZE pin is not strapped to either Vg¢ or GND, it must have the same setup times as do addresses.

. If the SIZE pin is not strapped to either Ve or GND, it must have the same hold times as do addresses.

. This number is reduced to 5 ns if DSACKO and DSACK1 have equal loads.

. START is not an external signal; rather, it is the logical condition that indicates the start of an access. The logical
equation for this condition is START = CS + AS + (RW-DS). _ .

9. If a subsequent access is not a FPCP access, CS must be negated before the assertion of AS and/or DS on the non-

FPCP access. These specifications replace the old specifications 8 and 8A. {The old specifications implied that, in all

cases, transitions of CS must not occur simultaneously with transitions of AS or DS. This is not a requirement of the
MC68881.)

W

0~ O ;
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The BIU contains the coprocessor interface registers (CIRs), and the 32-bit
control, status, and instruction address registers. In addition, the register select
and DSACK timing control logic and the status flags used to monitor the status
of communications with the main processor are contained in the BIU.

The eight, 80-bit, floating-point data registers (FPO-FP7) are located in the ECU.
In addition, the ECU contains a high-speed 67-bit arithmetic unit used for both
mantissa and exponent calculations, a barrel shifter that can shift from 1-67
bits in one machine cycle, and ROM constants (for use by the internal algorithms
or user programs).

The MCU contains the clock generator, a two-level microcode sequencer that
controls the ECU, the microcode ROM, and self-test circuitry. The built-in self-
test capabilities of the MC68881 enhance reliability and ease manufacturing
requirements; however, these diagnostic functions are not available to the user.

BUS INTERFACE UNIT

5-56

All communications between the MC68020 and the MC68881 occur via standard
M68000 Family bus transfers. The MC68881 is designed to operate on 8-, 16-,
or 32-bit data buses.

The MC68881 contains a number of CIRs that are addressed in the same manner
as memory by the main processor. The M68000 Family coprocessor interface
is implemented via a protocol of reading and writing to these registers by the
main processor. The MC68020 implements this general-purpose coprocessor
interface protocol in hardware and microcode.

When the MC68020 detects a general-type MC68881 instruction, the MC68020
writes the instruction to the memory-mapped command CIR and reads the
response CIR. In this response, the BIU encodes requests for any additional
action required of the MC68020 on behalf of the MC68881. For example, the
response may request that the MC68020 fetch an operand from the evaluated
effective address and transfer the operand to the operand CIR. Once the MC68020
fulfills the coprocessor request(s), the MC68020 is free to fetch and execute
subsequent instructions.

A key concern in a coprocessor interface that allows concurrent instruction
execution is synchronization during main processor and coprocessor com-
munication. If a subsequent instruction is written to the MC68881 before the
ECU has completed execution of the previous instruction, the response instructs
the MC68020 to wait. Thus, the choice of concurrent or nonconcurrent instruc-
tion execution is determined on an instruction-by-instruction basis by the co-
processor.
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DC ELECTRICAL SPECIFICATIONS (vcc=5.0 Vde +5%; GND=0 Vdc; Ta=0°C to 70°C)

Characteristic Symbol Min Max Unit
input High Voitage VIH 2.0 vee v
Input Low Voltage ViL GND -0.5 0.8 v
input Leakage Current (« 5.25 V. CLK, RESET, RW, A0-Ad, CS, DS, AS, SIZE| iy — 10 pA
Hi-Z (Off State) input Current ( 2.4 V/0.4 V DSACKO, DSACKT, DO-D31| Iyg) — 20 pA
Output High Voltage (IgH= — 400 pA) DSACKO, DSACKT, D0-D31| VpH 24 —
Qutput Low Voltage (Igg =5.3 mA) DSACKO, DSACKT, D0-D31] VoL — 0.5 v
Power Dissipation Pp — 0.75
Input Capacitance* (Vi =0, TA =25°C, f=1 MHz) Cin — 20 pF
Output Load Capacitance CL — 130 pF

*Capacitance is periodically sampled rather than 100% tested.

AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (vcc=5.0 Vdc+5%;

GND=0 Vdc; Tao=0 to 70°C; refer to Figure 17)

12 MHz | 16.67 MHz | 20 MHz 25 MHz
Num Characteristic Min | Max | Min | Max | Min | Max | Min [ Max | UnRt
Frequency of Operation 8 |125]| 8 |16.67|125] 20 |125| 25 | MHz
1 Cycle Time Clock 80 |125| 60 | 125 | 50 | 80 | 40 | 80 | ns
23 Clock Puise Width 32 87 24 95 20 54 15 59 ns
4,5 Rise and Fall Times — 5 —_ 5 — 5 — 4 ns

CLOCK

NOTE: Timing measurements are referenced to and from a low voltage of 0.8V 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 will be linear between 0.8V and 2.0V.

Figure 17. Clock Input Timing Diagram
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The M68000 Family coprocessor interface permits coprocessors to be bus mas-
ters; however, the MC68881 is never a bus master. The MC68881 requests that
the MC68020 fetch all operands and store all results. In this manner, the MC68020
32-bit data bus provides high-speed transfer of floating-point operands and
results while simplifying the design of the MC68881.

Since the coprocessor interface is based solely upon bus cycles and the MC68881
is never a bus master, the MC68881 can be placed on either the logical or
physical side of the system memory management unit. This provides a great
deal of flexibility in the system design.

The virtual machine architecture of the MC68020 is supported by the copro-
cessor interface and the MC68881 through the FSAVE and FRESTORE instruc-
tions. If the MC68020 detects a page fault and/or a task timeout, the MC68020
can force the MC68881 to stop whatever operation is in progress at any time
and save the MC68881 internal state in memory.

The size of the saved internal state of the MC68881 is dependent upon the ECU
state at the time FSAVE is executed. If the MC68881 is in the reset state when
FSAVE is received, only one word of state is transferred to memory, which can
be examined by the operating system to determine that the coprocessor pro-
grammer’s model is empty. If the coprocessor is idle when FSAVE is received,
only a few words of internal state are transferred to memory. If the MC68881
is in the middle of executing an instruction, it may be necessary to save the
entire internal state of the machine. Instructions that can complete execution
in less time than it would take to save the larger state in mid-instruction are
allowed to complete execution and then save the idle state. Thus, the size of
the saved internal state is kept to a minimum. The ability to utilize several
internal state sizes greatly reduces the average context switching time.

The FRESTORE instruction permits reloading of an internal state that was saved
earlier and continues any operation that was previously suspended. Restoring
of the reset internal state functions just like a hardware reset to the MC68881
in that defaults are re-established.
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ELECTRICAL SPECIFICATIONS DEFINITIONS

The AC specifications presented consist of output delays, input setup and hold
times, and signal skew times. All signals are specified reiative 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 16. To test the parameters guaranteed by Motorola, inputs must be
driven to the voltage levels specified in Figure 16. Outputs are specified with
minimum and/or maximum limits, as appropriate, and are measured as shown.
Inputs are specified with minimum and, as appropriate, maximum setup and
hold times, and are measured as shown. Finally, the measurements 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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Table 1. Exponent and Mantissa Sizes

Data Equnent Man.tissa Bias
Format Bits Bits
Single 8 23(+1) 127
Double 1 52(+1) 1023
Extended 15 64 16383

The extended-precision data format is also in conformance with the IEEE 754
standard, but the standard does not specify this format to the bit level as it
does for single and double precision. The memory format on the MC68881
consists of 96 bits ({three long words). Only 80 bits are actually used, the other
16 bits are for future expandability and for long-word alignment of floating-
point data structures. Extended format has a 15-bit exponent, a 64-bit mantissa,
and a 1-bit mantissa sign.

Extended-precision numbers are intended for use as temporary variables, in-
termediate values, or in places where extra precision is needed. For example,
a compiler might select extended-precision arithmetic for evaluation of the right
side of an equation with mixed-sized data and then convert the answer to the
data type on the left side of the equation. Extended-precision data will not be
stored in large arrays due to the amount of memory required by each number.

PACKED BCD STRING DATA FORMAT

5-60

The packed decimal data format allows packed BCD strings to be transferred
to and from the MC68881. The strings consist of a 3-digit base 10 exponent
and a 17-digit base 10 mantissa. Both the exponent and mantissa have a sep-
arate sign bit. All digits are packed BCD so an entire string fits in 96 bits (three
long words). Like all data formats, when packed BCD strings are input to the
MC68881, the strings are automatically converted to extended-precision real
values, allowing packed BCD numbers to be used as inputs to any operation.
For example,

FADD.P #-6.023E + 24,FP5

BCD numbers can be output from the MC68881 in a format readily used for
printing by a program generated by a high-level language compiler. For ex-
ample,

FMOVE.P FP3,BUFFER{# — 5}

instructs the MC68881 to convert the floating-point data register 3 (FP3) con-
tents into a packed BCD string with five digits to the right of the decimal point
(FORTRAN F format).
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ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

. " This device contains circuitry

Rating Symbol Value Unit to protect the inputs against

Supply Voltage v ~03to +7.0 v damage due to high static volt-
Pry g cC ages or electric fields; how-
Input Voltage Vin ~0.3t0 +7.0 \4 ever, it is advised that normal
: s precautions be taken to avoid
Operating Temperature TA 0to 70 C application of any voltage
Storage Temperature Tstg | -55t0 +150| °C higher than maximum-rated

voltages to this high-imped-
ance circuit. Reliability of op-
eration is enhanced if unused

THERMAL CHARACTERISTICS — PGA PACKAGE inout are ted (o an appropri

ate logic voltage level (e.g.,
Characteristic Symbol! Value Rating either GND or Vcc).

Thermal Resistance — Ceramic °C/W

Junction to Ambient 0JA 33

Junction to Case 01C 15
Thermal Resistance — PLCC

Junction to Ambient 0JA 45

Junction to Case 9JA T8BD
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MOVES

All moves from memory (or from an MC68020 data register) to the MC68881
cause data conversion from the source data format to the internal extended-
precision format. All moves from the MC68881 to memory (or to an MC68020
data register) cause data conversion from the internal extended-precision for-
mat to the destination data format. Note that data movement instructions per-
form arithmetic operations, since the result is always rounded to the precision
selected in the floating-point control register mode control byte. The result is
rounded using the selected rounding mode and is checked for overflow and
underflow.

The syntax for the move is as follows:

FMOVE.<fmt> <ea>,FPn  Move to MC68881

FMOVE.<fmt> FPm,<ea> Move from MC68881

FMOVE.X FPm,FPn Move within MC68381
where <ea> is an MC68020 effective address operand, .<fmt> is the data
format size, and FPm and FPn are floating-point data registers.

n MOVE MULTIPLE REGISTERS

5-62

The floating-point move muitiple instructions on the MC68881 are much like
the integer counterparts on the M68000 Family processors. Any set of the
floating-point registers FPO~FP7 can be moved to or from memory with one
instruction. These registers are always moved as 96-bit extended data with no
conversion {no possibility of conversion errors). Some move multiple instruc-
tion examples are as follows:

FMOVEM  <ea™>,FPO-FP3/FP7

FMOVEM  FP2/FP4/FP6,<ea>
Move multiple instructions are useful during context switches and interrupts
to save or restore the state of a program. These moves are also useful at the
start and end of a procedure to save and restore the calling routine’s register
set. To reduce procedure call overhead, the list of registers to be saved or
restored can be contained in a data register, enabling run-time optimization by
allowing a called routine to save as few registers as possible. Note that no
rounding or overflow/underflow checking is performed by these operations.
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Figure 14. 16-Bit Data Bus Peripheral Processor Connection

When connected as a peripheral processor, the MC68881 chip-select decode is
system dependent. If the MC68000 is used as the main processor, the MC68881
CS must be decoded in the supervisor or user data spaces. However, if the
MC68010 is used for the main processor, the MOVES instruction may be used
to emulate any CPU space access that the MC68020 generates for coprocessor
communications. Thus, the CS decode logic for such systems may be the same
as in an MC68020 system, so that the MC68881 will not use any part of the
data address spaces.

8-Bit Data Bus Peripheral Processor Connection

5-82

Figure 15 illustrates the connection of an MC68881 to an MC68008 as a periph-
eral processor over an 8-bit data bus. The MC68881 is configured to operate
over an 8-bit data bus when SIZE is connected to GND. The eight least significant
data pins (D0-D7) must be connected to the 24 most significant pins (D8-D31)
when the MC68881 is configured to operate over an 8-bit data bus (i.e., connect
DO to D8, D16, and D24; D1 to D9, D17, and D25; . .. and D7 to D15, D23, and
D31). The DSACKO pin of the MC68881 is connected to the DTACK pin of the
MC68008; DSACK1 is not used.
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8BITS | BYTE INTEGER
15 0
16 BITS WORD INTEGER
3 0
32BITS LONG-WORD
INTEGER
30 2 0
8BIT 23 BT
EXP. FRACTION SINGLE REAL
L SiGN OF FRACTION
62 51 0
4 . DOUBLE REAL
L— SiGN OF FRACTION
94 0
15-BIT 64 BIT
EXPONENT MANTISSA EXTENDED REAL
L— SIGN OF MANTISSA L IMPLICIT BINARY POINT
91 80 67 0
N soiar 17.DIGIT
- - 3
% EXP. : ; MANTISSA PACKED DECIMAL REAL
L L— IMPLICIT DECIMAL POINT
2BITS, USED ONLY FOR +INFINITY OR NANS, ZERO OTHERWISE
SIGN OF EXPONENT
SIGN OF MANTISSA
* UNLESS A BINARY-TO-DECIMAL CONVERSION OVERFLOW OCCURS
Figure 9. Data Format Summary
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MAIN PROCESSOR COPROCESSOR
CLOCK CLOCK
- Figure 12. 16-Bit Data Bus Coprocessor Connection

8-Bit Data Bus Coprocessor Connection

Figure 13 illustrates the connection of an MC68881 to an MC68020 as a copro-
cessor over an 8-bit data bus. The MC68881 is configured to operate over an
8-bit data bus when SIZE is connected to GND. The 24 least significant data
pins {D0-D23) must be connected to the eight most significant data pins
(D24-D31) when the MC68881 is configured to operate over an 8-bit data bus
(i.e., connect DO to D8, D16, and D24; D1 to D9, D17, and D25; ... and D7 to
D15, D23, and D31). The DSACKXx pins of the two devices are directly connected
although it is not necessary to connect DSACK1 since the MC68881 never
asserts it in this configuration.
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MISCELLANEOUS INSTRUCTIONS

Miscellaneous instructions include moves to and from the status, control, and
instruction address registers. Also included are the virtual memory/machine
FSAVE and FRESTORE instructions that save and restore the internal state of
the MC68881:

FMOVE <ea>,FPcr Move to Control Register(s)

FMOVE FPcr,<<ea> Move from Control Register(s)

FSAVE <ea> Virtual Machine State Save

FRESTORE <ea> Virtual Machine State Restore

ADDRESSING MODES

5-66

The MC68881 does not perform address calculations. This satisfies the criterion
that an M68000 Family coprocessor must not depend on certain features or
capabilities that may or may not be implemented by a given main processor.
Thus, when the MC68881 instructs the MC68020 to transfer an operand via the
coprocessor interface, the MC68020 performs the addressing mode calculations
requested in the instruction. In this case, the instruction is encoded specifically
for the MC68020, and the execution of the MC68881 is not dependent on that
encoding but only on the value of the command word written to the MC68881
by the main processor.

This interface is flexible and ailows any addressing mode to be used with
floating-point instructions. For the M68000 Family, these addressing modes
include immediate, postincrement, predecrement, data or address register di-
rect, and the indexed/indirect addressing modes of the MC68020. Some ad-
dressing modes are restricted for instructions in compliance with the M68000
Family architectural definitions (e.g., program counter relative addressing is
not allowed for a destination operand).

The orthogonal instruction set of the MC68881, along with the flexible branches
and addressing modes, allows a programmer writing assembly-language code
or a compiler writer generating object or source code for the MC68020/MC68881
pair to think of the MC68881 as though the MC68881 were part of the MC68020.
No special restrictions are imposed by the coprocessor interface, and floating-
point arithmetic is coded exactly like integer arithmetic.
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SIGNAL SUMMARY

Table 11 provides a summary of all MC68881 signals described in the previous
paragraphs,

Table 11. Signal Summary

Signal Name Mnemonic Input/Output | Active State | Three State
Address Bus A0-A4 Input High —
Data Bus D0-D13 Input/OQutput High Yes
Size SIZE Input Low —
Address Strobe AS Input Low —
Chip Select cs Input Low —
Read/Write RW Input High/Low —
Data Strobe DS Input Low —
Data Transfer and Size Acknowledge | DSACKO, DSACK1 Output Low Yes
Reset RESET Input Low —
Clock CLK Input — —
Sense Device SENSE Input/Output Low No
Power Input vVee Input — —
Ground GND Input — —

INTERFACING METHODS

The following paragraphs describe how to connect an MC68882 to an M68000
Family processor.

MC68881 TO MC68020 INTERFACING

The following paragraphs describe how to connect the MC68881 to an MC68020
for coprocessor operation via an 8-, 16-, or 32-bit data bus.

32-Bit Data Bus Coprocessor Connection

Figure 11 illustrates the coprocessor interface connection of an MC68881 to an
MC68020 via a 32-bit data bus. The MC68881 is configured to operate over a
32-bit data bus when both A0 and SIZE are connected to VCC.
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TIMING TABLES FOR TYPICAL EXECUTION

This set of tables allows a quick determination of the typical execution time
for any MC68881 instruction when the MC68020 is used as the main processor.
Table 3 is used for effective address calculations performed by the MC68020.
Entries from this table are added to entries in the other tables, if necessary, to
obtain the total number of clock cycles for an operation. Assumptions for Tables
3-7 are as follows:

® The main processor is an MC68020 and operates on the same clock as the
MC68881. Instruction prefetches do not hit in the MC68020 cache {or it is
disabled), and the instruction is aligned such that a prefetch occurs before
the command CIR is written by the MC68020.

® A 32-bit memory interface is used, and memory accesses occur with zero
wait states. All memory operands, as well as the stack pointers, are long-
word aligned.

e Accesses to the MC68881 require three clock cycles, with the exception of
read accesses to the response and save CIRs, which require five clock
cycles.

® Since no instruction overlap is utilized, the coprocessor interface overhead
is 11 clocks. This can be reduced to two clock cycles if optimized code
sequences are used or can be 11 clock cycles if overiap is attempted and
a synchronization delay is required.

® Typical operand conversion and calculation times are used (i.e., input op-
erands are assumed to be normalized numbers in the legal range for a
given function).

® No exceptions are enabled or occur, and the default rounding mode and
precision of round-to-nearest extended precision is used.

EFFECTIVE ADDRESS CALCULATIONS

5-68

For any instruction that requires an operand external to the MC68881, an eval-
uate effective address and transfer data response primitive is issued by the
MC68881 during the dialog for that instruction. The time required for the
MC68020 to calculate the effective address while processing this primitive for
each addressing mode, excluding the transfer of the data to the MC68881, is
listed in Table 3.
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If the bus cycle is a main processor read, the MC68881 asserts DSACKO and
DSACK1 to indicate information on the data bus is valid. (Both DSACKx signals
may be asserted in advance of the valid data being placed on the bus.) if the
bus cycle is a main processor write to the MC68881, DSACKO and DSACK1 are
used to acknowledge acceptance of the data by the MC68881.

The MC68881 also uses DSACKO and DSACK1 to dynamically indicate to the
MC68020 the port size (data bus width) on a cycle-by-cycle basis. Depending
upon which of the DSACKx pins is asserted in a given bus cycle, the MC68020
assumes data has been transferred to/from an 8-, 16-, or 32-bit data port. Table
10 lists DSACKx assertions used by the MC68881 for the various bus cycles
over the various data bus configurations.

Table 10. DSACKx Assertions

Data Bus Ad DSACK1 DSACKO Comments
32-Bit 1 Low Low Valid Data on D31-D0
32-Bit 0 Low High Valid Data on D31-D16
16-Bit X Low High Valid Data on D31-D16 or D15-D0
8-Bit X High Low Valid Data on D31-D24, D23-D16, D15-D8, or D7-D0
All X High High Insert Wait States in Current Bus Cycle

Table 10 indicates that all accesses over a 32-bit bus where A4 equals zero are
to 16-bit registers. The MC68881 implements ail 16-bit CIRs on data lines D16-D31
{to eliminate the need for on-chip multiplexers); however, the MC68020 expects
16-bit registers that are located in a 32-bit port at odd-word addresses (A1=1)
to be implemented on data lines DO-D15. For accesses to these registers when
configured for 32-bit bus operation, the MC68881 generates DSACKx signals
as listed in Table 10 to inform the MC68020 of valid data on D16-D31 instead
of DO-D15.

An external holding resistor is required to maintain both DSACKQ and DSACK1
high between bus cycles. To reduce the signal rise time, DSACKO and DSACK1
are actively pulled up {negated) by the MC68881 following the rising edge of
AS or DS, and both DSACKXx lines are then three-stated (placed in the high-
impedance state) to avoid interference with the next bus cycle.

RESET (RESET)

This active-low input causes the MC68881 to initialize the floating-point data
registers to non-signaling not-a-numbers (NANs) and clears the floating-point
control, status, and instruction address registers.
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Table 4. Arithmetic Instructions Execution Timing

A FPm Memory Source or Destination Operand Format*
Instruction Source -
Integer** | Single** Double Extended Packed

FABS 35 62 54 60 58 872
FACOS 652 625 644 650 648 1462
FADD 51 80 72 78 76 888
FASIN 581 608 600 606 604 1418
FATAN 403 430 422 428 426 1240
FATANH 693 720 712 718 716 1530
FCMP 33 62 54 60 58 870
FCOS 391 418 410 416 414 1228
FCOSH 607 634 626 632 630 1444
FDIV 103 132 124 130 128 940
FETOX 497 524 516 522 520 1334
FETOXM1 545 572 564 570 568 1382
FGETEXP 45 72 64 70 68 882
FGETMAN 31 58 50 56 54 868
FINT 55 82 78 80 78 892
FINTRZ 55 82 78 80 74 892
FLOGN 525 552 544 550 548 1362
FLOGNP1 571 598 590 596 594 1408
FLOG10 581 608 600 606 604 1418
FLOG?2 581 608 600 606 604 1418
FMOD 67 94 86 92 90 902
FMOVE to FPn 33 60 52 58 56 870
FMOVE to MEMORY **# — 100 80 86 72 1996
FMOVECR**** 29 — — — — —

FMUL 71 100 92 98 96 908
FNEG 35 62 54 60 58 872
FREM 67 94 86 92 90 902
FSCALE 41 70 62 68 66 878
FSGLDIV 69 98 90 96 94 906
FSGLMUL 59 88 80 86 84 896
FSIN 391 418 410 416 414 1228
FSINCOS 451 478 470 476 474 1288
FSINH 687 714 706 712 710 1524
FSQRT 107 134 126 132 130 944
FSUB 51 80 72 78 76 888
FTAN 473 500 492 498 496 1310
FTANH 661 688 680 686 684 1498
FTENTOX 567 594 586 592 590 1404

— CONTINUED —
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ADDRESS BUS (A0-A4)

These active-high inputs are used by the main processor to select the CIR
locations in the CPU address space. These lines control the register selection
(see Table 8).

Table 8. Coprocessor Interface Register Selection

A0-A4 Offset Width Type Register
0000x $00 16 Read Response
0001x $02 16 Write Control
0010x $04 16 Read Save
0011x $06 16 RW  |Restore
0100x $08 16 — (Reserved)
0101x $0A 16 Write Command
0110x $0C 16 — {Reserved)
0111x $0E 16 Write Condition
100xx $10 32 RW Operand
1010x $14 16 Read Register Select
1011x $16 16 — (Reserved)
110xx $18 32 Read Instruction Address
111xx $1C 32 RW Operand Address

When the MC68881 is configured to operate over an 8-bit data bus, the A0 pin
is used as an address signal for byte accesses of the CIR. When the MC68881
is configured to operate over a 16- or 32-bit data bus, both the A0 and the SIZE
pins are strapped high and/or low as listed in Table 9.

Table 9. Data Bus Size Configuration

A0 SIZE Data Bus

— Low 8-Bit
Low High 16-Bit
High High 32-Bit

DATA BUS (D0-D31)

This 32-bit, bidirectional, three-state bus serves as the general-purpose data
path between the MC68020 and the MC68881. Regardless of whether the
MC68881 is operated as a coprocessor or a peripheral processor, all inter-
processor transfers of instruction information, operand data, status informa-
tion, and requests for service occur as standard M68000 bus cycles.
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Table 6. Conditional Instructions Execution Timing

Instruction Comments Best Case Cache Case | Worst Case
FBcc.W Branch Taken 18 20 23
Branch Not Taken 16 18 19
FBcc.L Branch Taken 18 20 23
Branch Not Taken 16 18 21
FDBce True, Not Taken 18 20 24
False, Not Taken 22 24 32
False, Taken 18 20 26
FNOP No Operation 16 18 19
FScc Dn 16 18 21
(An)+or—{An)* 18 22 25
Memory** 16 20 23
FTRAPcc Trap Taken 36 39 47
Trap Not Taken 16 18 22
FTRAPcc.W | Trap Taken 38 41 45
Trap Not Taken 18 20 23
FTRAPcc.L Trap Taken 40 43 52
Trap Not Taken 20 22 27

*For condition true; subtract one clock for condition false.
**Add the appropriate effective address calculation time.

FSAVE AND FRESTORE INSTRUCTIONS

5-72

The time required for a context save or restore operation is given in Table 7.
The appropriate calculate effective address times must be added to the values
in this table to obtain the total execution time for these operations. For the
FSAVE instruction, the MC68881 may use the not-ready format code to force
the MC68020 to wait while internal operations are completed to reduce the size
of the saved state frame or to reach a point where a save operation can be
performed. Minimum idle time occurs if the MC68881 is in the idle phase when
the save CIR is written. A time between the minimum idle and maximum idle
occurs if an instruction is in the end phase when the save CIR is read. A
minimum busy time occurs if the MC68881 is in the initial phase or at a save
boundary in the middle phase when the save CIR is read. Finally, a maximum
busy time occurs if the MC68881 has just passed a save boundary in the middle
phase when the save CIR is read.
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Table 6. Conditional Instructions Execution Timing

instruction Comments Best Case Cache Case | Worst Case
FBcc.W Branch Taken 18 20 23
Branch Not Taken 16 18 19
FBcc.L Branch Taken 18 20 23
Branch Not Taken 16 18 21
FDBcc True, Not Taken 18 20 24
False, Not Taken 22 24 32
False, Taken 18 20 26
FNOP No Operation 16 18 19
FScc Dn 16 18 21
{An)+or—(An)* 18 22 25
Memory** 16 20 23
FTRAPcc Trap Taken 36 39 47
Trap Not Taken 16 18 22
FTRAPcc.W | Trap Taken 38 41 45
Trap Not Taken 18 20 23
FTRAPcc.L Trap Taken 40 43 52
Trap Not Taken 20 22 27

*For condition true; subtract one clock for condition false.
**Add the appropriate effective address calculation time.

FSAVE AND FRESTORE INSTRUCTIONS
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The time required for a context save or restore operation is given in Table 7.
The appropriate calculate effective address times must be added to the values
in this table to obtain the total execution time for these operations. For the
FSAVE instruction, the MC68881 may use the not-ready format code to force
the MC68020 to wait while internai operations are completed to reduce the size
of the saved state frame or to reach a point where a save operation can be
performed. Minimum idle time occurs if the MC68881 is in the idle phase when
the save CIR is written. A time between the minimum idle and maximum idle
occurs if an instruction is in the end phase when the save CIR is read. A
minimum busy time occurs if the MC68881 is in the initial phase or at a save
boundary in the middle phase when the save CIR is read. Finally, a maximum
busy time occurs if the MC68881 has just passed a save boundary in the middle
phase when the save CIR is read.
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ADDRESS BUS (A0-A4)

These active-high inputs are used by the main processor to select the CIR
locations in the CPU address space. These lines control the register selection
(see Table 8).

Table 8. Coprocessor Interface Register Selection

A0-A4 Offset Width Type Register
0000x $00 16 Read Response
0001x $02 16 Write Control
0010x $04 16 Read Save
0011x $06 16 RW  [Restore
0100x $08 16 — {Reserved)
0101x $0A 16 Write Command
0110x $0C 16 — (Reserved)
0111x $0E 16 Write Condition
100xx $10 32 RW Operand
1010x $14 16 Read Register Select
1011x $16 16 — (Reserved)
110xx $18 32 Read Instruction Address
111xx $1C 32 RW Operand Address

When the MC68881 is configured to operate over an 8-bit data bus, the A0 pin
is used as an address signal for byte accesses of the CIR. When the MC68881
is configured to operate over a 16- or 32-bit data bus, both the A0 and the SIZE
pins are strapped high and/or low as listed in Table 9.

Table 9. Data Bus Size Configuration

A0 SIZE Data Bus

— Low 8-Bit
Low High 16-Bit
High High 32-Bit

DATA BUS (D0-D31)

This 32-bit, bidirectional, three-state bus serves as the general-purpose data
path between the MC68020 and the MC68881. Regardless of whether the
MC68881 is operated as a coprocessor or a peripheral processor, all inter-
processor transfers of instruction information, operand data, status informa-
tion, and requests for service occur as standard M68000 bus cycles.
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Table 4. Arithmetic Instructions Execution Timing
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. FPm Memory Source or Destination Operand Format*
Instruction Source .
Integer** | Single** Double Extended Packed

FABS 35 62 54 60 58 872
FACOS 652 625 644 650 648 1462
FADD 51 80 72 78 76 888
FASIN 581 608 600 606 604 1418
FATAN 403 430 422 428 426 1240
FATANH 693 720 712 718 716 1530
FCMP 33 62 54 60 58 870
FCOS 391 418 410 416 414 1228
FCOSH 607 634 626 632 630 1444
FDIV 103 132 124 130 128 940
FETOX 497 524 516 522 520 1334
FETOXM1 545 572 564 570 568 1382
FGETEXP 45 72 64 70 68 882
FGETMAN 31 58 50 56 54 868
FINT 55 82 78 80 78 892
FINTRZ 55 82 78 80 74 892
FLOGN 525 552 544 550 548 1362
FLOGNP1 571 598 590 596 594 1408
FLOG10 581 608 600 606 604 1418
FLOG2 581 608 600 606 604 1418
FMOD 67 94 86 92 90 902
FMOVE to FPn 33 60 52 58 56 870
FMOVE to MEMORY *** — 100 80 86 72 1996
FMOVECR**** 29 — — — — —

FMUL 71 100 92 98 96 308
FNEG 35 62 54 60 58 872
FREM 67 94 86 92 90 902
FSCALE 41 70 62 68 66 878
FSGLDIV 69 98 90 96 94 906
FSGLMUL 59 88 80 86 84 896
FSIN 391 418 410 416 414 1228
FSINCOS 451 478 470 476 474 1288
FSINH 687 714 706 712 710 1524
FSQRT 107 134 126 132 130 944
FSuB 51 80 72 78 76 888
FTAN 473 500 492 498 496 1310
FTANH 661 688 680 686 684 1498
FTENTOX 567 594 586 592 590 1404

— CONTINUED —
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if the bus cycle is a main processor read, the MC68881 asserts DSACKO and
DSACK?1 to indicate information on the data bus is valid. (Both DSACKx signals
may be asserted in advance of the valid data being placed on the bus.) If the
bus cycle is a main processor write to the MC68881, DSACKO and DSACK1 are
used to acknowledge acceptance of the data by the MC68881.

The MC68881 aiso uses DSACKO and DSACK1 to dynamically indicate to the
MC68020 the port size (data bus width) on a cycle-by-cycle basis. Depending
upon which of the DSACKx pins is asserted in a given bus cycle, the MC68020
assumes data has been transferred to/from an 8-, 16-, or 32-bit data port. Table
10 lists DSACKXx assertions used by the MC68881 for the various bus cycles
over the various data bus configurations.

Table 10. DSACKx Assertions

Data Bus A4 DSACK1 DSACKO Comments
32-Bit 1 Low Low Valid Data on D31-D0
32-Bit 0 Low High Valid Data on D31-D16
16-Bit X Low High Valid Data on D31-D16 or D15-D0
8-Bit X High Low Valid Data on D31-D24, D23-D16, D15-D8, or D7-D0
All X High High Insert Wait States in Current Bus Cycle

Table 10 indicates that all accesses over a 32-bit bus where A4 equals zero are
to 16-bit registers. The MC68881 implements all 16-bit CIRs on data lines D16-D31
(to eliminate the need for on-chip muitiplexers); however, the MC68020 expects
16-bit registers that are located in a 32-bit port at odd-word addresses (A1=1)
to be implemented on data lines D0-D15. For accesses to these registers when
configured for 32-bit bus operation, the MC68881 generates DSACKx signals
as listed in Table 10 to inform the MC68020 of valid data on D16-D31 instead
of DO-D15.

An external holding resistor is required to maintain both DSACKO and DSACK1
high between bus cycles. To reduce the signal rise time, DSACKO and DSACK1
are actively pulled up (negated) by the MC68881 following the rising edge of
AS or DS, and both DSACKXx lines are then three-stated (placed in the high-
impedance state) to avoid interference with the next bus cycle.

RESET (RESET)

This active-low input causes the MC68881 to initialize the floating-point data
registers to non-signaling not-a-numbers (NANs) and clears the floating-point
control, status, and instruction address registers.
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TIMING TABLES FOR TYPICAL EXECUTION

This set of tables alfows a quick determination of the typical execution time
for any MC68881 instruction when the MC68020 is used as the main processor.
Table 3 is used for effective address calculations performed by the MC68020.
Entries from this table are added to entries in the other tables, if necessary, to
obtain the total number of clock cycles for an operation. Assumptions for Tables
3-7 are as follows:

® The main processor is an MC68020 and operates on the same clock as the
MC68881. Instruction prefetches do not hit in the MC68020 cache {or it is
disabled), and the instruction is aligned such that a prefetch occurs before
the command CIR is written by the MC68020.

® A 32-bit memory interface is used, and memory accesses occur with zero
wait states. All memory operands, as well as the stack pointers, are long-
word aligned.

® Accesses to the MC68881 require three clock cycles, with the exception of
read accesses to the response and save CIRs, which require five clock
cycles.

® Since no instruction overlap is utilized, the coprocessor interface overhead
is 11 clocks. This can be reduced to two clock cycles if optimized code
sequences are used or can be 11 clock cycles if overiap is attempted and
a synchronization delay is required.

® Typical operand conversion and calculation times are used (i.e., input op-
erands are assumed to be normalized numbers in the legal range for a
given function).

® No exceptions are enabled or occur, and the default rounding mode and
precision of round-to-nearest extended precision is used.

EFFECTIVE ADDRESS CALCULATIONS

5-68

For any instruction that requires an operand external to the MC68881, an eval-
uate effective address and transfer data response primitive is issued by the
MC68881 during the dialog for that instruction. The time required for the
MC68020 to calculate the effective address while processing this primitive for
each addressing mode, excluding the transfer of the data to the MC68881, is
listed in Table 3.
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SIGNAL SUMMARY

Table 11 provides a summary of all MC68881 signals described in the previous

paragraphs.

Table 11. Signal Summary

Signal Name Mnemonic Input/Output | Active State | Three State
Address Bus AO-A4 Input High —
Data Bus D0-D13 Input, Output High Yes
Size SIZE Input Low —
Address Strobe AS Input Low —
Chip Select [ Input Low —
Read/Write RAW Input High/Low —
Data Strobe DS Input Low —
Data Transfer and Size Acknowledge | DSACKO, DSACKT Output Low Yes
Reset RESET tnput Low —
Clock CLK Input — —
Sense Device SENSE Input/Qutput Low No
Power Input Vee Input — —
Ground GND Input — —_

INTERFACING METHODS

The following paragraphs describe how to connect an MC68882 to an M68000
Family processor.

MC68881 TO MC68020 INTERFACING

The following paragraphs describe how to connect the MC68881 to an MC68020
for coprocessor operation via an 8-, 16-, or 32-bit data bus.

32-Bit Data Bus Coprocessor Connection

Figure 11 illustrates the coprocessor interface connection of an MC68881 to an
MC68020 via a 32-bit data bus. The MC68881 is configured to operate over a
32-bit data bus when both A0 and SIZE are connected to VC(C.
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MISCELLANEOUS INSTRUCTIONS

Miscellaneous instructions include moves to and from the status, control, and
instruction address registers, Also included are the virtual memory/machine
FSAVE and FRESTORE instructions that save and restore the internal state of
the MC68881:

FMOVE <ea>,FPcr Move to Control Register(s)

FMOVE FPcr,<ea> Move from Control Register(s)
FSAVE <ea> Virtual Machine State Save
FRESTORE <ea> Virtual Machine State Restore

ADDRESSING MODES

5-66

The MC68881 does not perform address calculations. This satisfies the criterion
that an M68000 Family coprocessor must not depend on certain features or
capabilities that may or may not be implemented by a given main processor.
Thus, when the MC68881 instructs the MC688020 to transfer an operand via the
coprocessor interface, the MC68020 performs the addressing mode calculations
requested in the instruction. In this case, the instruction is encoded specifically
for the MC68020, and the execution of the MC68881 is not dependent on that
encoding but only on the value of the command word written to the MC68881
by the main processor.

This interface is flexible and allows any addressing mode to be used with
floating-point instructions. For the M68000 Family, these addressing modes
include immediate, postincrement, predecrement, data or address register di-
rect, and the indexed/indirect addressing modes of the MC68020. Some ad-
dressing modes are restricted for instructions in compliance with the M68000
Family architectural definitions (e.g., program counter relative addressing is
not allowed for a destination operand).

The orthogonal instruction set of the MC68881, along with the flexible branches
and addressing modes, allows a programmer writing assembly-language code
or a compiler writer generating object or source code for the MC68020/MC68881
pair to think of the MC68881 as though the MC68881 were part of the MC68020.
No special restrictions are imposed by the coprocessor interface, and floating-
point arithmetic is coded exactly like integer arithmetic.
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Figure 12. 16-Bit Data Bus Coprocessor Connection

8-Bit Data Bus Coprocessor Connection
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Figure 13 illustrates the connection of an MC68881 to an MC68020 as a copro-
cessor over an 8-bit data bus. The MC68881 is configured to operate over an
8-bit data bus when SIZE is connected to GND. The 24 least significant data
pins (D0-D23) must be connected to the eight most significant data pins
{D24-D31) when the MC68881 is configured to operate over an 8-bit data bus
(i.e., connect DO to D8, D16, and D24; D1 to D9, D17, and D25; ... and D7 to
D15, D23, and D31). The DSACKXx pins of the two devices are directly connected
although it is not necessary to connect DSACK1 since the MC68881 never
asserts it in this configuration.
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16 BITS
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Figure 9. Data Format Summary
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Figure 14. 16-Bit Data Bus Peripheral Processor Connection

When connected as a peripheral processor, the MC68881 chip-select decode is
system dependent. If the MC68000 is used as the main processor, the MC68881
CS must be decoded in the supervisor or user data spaces. However, if the
MC68010 is used for the main processor, the MOVES instruction may be used
to emulate any CPU space access that the MC68020 generates for coprocessor
communications. Thus, the CS decode logic for such systems may be the same
as in an MC68020 system, so that the MC68881 will not use any part of the
data address spaces.

8-Bit Data Bus Peripheral Processor Connection
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Figure 15 illustrates the connection of an MC68881 to an MC68008 as a periph-
eral processor over an 8-bit data bus. The MC68881 is configured to operate
over an 8-bit data bus when SIZE is connected to GND. The eight least significant
data pins {(D0-D7) must be connected to the 24 most significant pins (D8-D31)
when the MC68881 is configured to operate over an 8-bit data bus {i.e., connect
DO to D8, D16, and D24; D1 to D9, D17, and D25; ... and D7 to D15, D23, and
D31). The DSACKO pin of the MC68881 is connected to the DTACK pin of the
MC68008; DSACK1 is not used.
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MOVES

All moves from memory (or from an MC68020 data register) to the MC68881
cause data conversion from the source data format to the internal extended-
precision format. All moves from the MC68881 to memory {or to an MC68020
data register) cause data conversion from the internal extended-precision for-
mat to the destination data format. Note that data movement instructions per-
form arithmetic operations, since the result is always rounded to the precision
selected in the floating-point control register mode control byte. The result is
rounded using the selected rounding mode and is checked for overflow and
underflow.

The syntax for the move is as follows:

FMOVE.<fmt> <ea>,FPn  Move to MC68881

FMOVE.<fmt> FPm,<ea> Maove from MC68881

FMOVE.X FPm,FPn Move within MC68881
where <<ea> is an MC68020 effective address operand, .<fmt> is the data
format size, and FPm and FPn are floating-point data registers.

5
- MOVE MULTIPLE REGISTERS

5-62

The floating-point move multiple instructions on the MC68881 are much like
the integer counterparts on the M68000 Family processors. Any set of the
floating-point registers FP0—FP7 can be moved to or from memory with one
instruction. These registers are always moved as 96-bit extended data with no
conversion (no possibility of conversion errors). Some move multiple instruc-
tion examples are as follows:

FMOVEM  <ea>,FPO-FP3/FP7

FMOVEM  FP2/FP4/FP6,<ea>
Move multiple instructions are useful during context switches and interrupts
to save or restore the state of a program. These moves are also useful at the
start and end of a procedure to save and restore the calling routine’s register
set. To reduce procedure call overhead, the list of registers to be saved or
restored can be contained in a data register, enabling run-time optimization by
allowing a called routine to save as few registers as possible. Note that no
rounding or overflow/underflow checking is performed by these operations.
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ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

. N This device contains circuitry

Rating Symbol Value Unit to protect the inputs against

Supply Voltage V -03to +7.0 Y damage due to high static volt-
Py g e ages or electric fields; how-
Input Voltage Vin -0.3to +7.0 \4 ever, it is advised that normal
; o precautions be taken to avoid
Operating Temperature TA 0to 70 C application of any voltage
Storage Temperature Tstg | -55to +150| °C higher than maximum-rated

voltages to this high-imped-
ance circuit. Reliability of op-
eration is enhanced if unused

THERMAL CHARACTERISTICS — PGA PACKAGE inputs are tied to an appropri-

ate logic voltage levei (e.g.,

Characteristic Symbol Value Rating either GND or Vcc)-
Thermal Resistance — Ceramic °C/wW
Junction to Ambient 0JA 33
Junction to Case [A]ed 15
Thermal Resistance — PLCC
Junction to Ambient BJA 45
Junction to Case 0JA TBD
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Table 1. Exponent and Mantissa Sizes

Data Exp(?nent Man'tissa Bias
Format Bits Bits
Single 8 23(+1) 127
Double 1 52(+1) 1023
Extended 15 64 16383

The extended-precision data format is also in conformance with the IEEE 754
standard, but the standard does not specify this format to the bit level as it
does for single and double precision. The memory format on the MC68881
consists of 96 bits (three long words). Only 80 bits are actually used, the other
16 bits are for future expandability and for long-word alignment of floating-
point data structures. Extended format has a 15-bit exponent, a 64-bit mantissa,
and a 1-bit mantissa sign.

Extended-precision numbers are intended for use as temporary variables, in-
termediate values, or in places where extra precision is needed. For example,
a compiler might select extended-precision arithmetic for evaluation of the right
side of an equation with mixed-sized data and then convert the answer to the
data type on the left side of the equation. Extended-precision data will not be
stored in large arrays due to the amount of memory required by each number.

PACKED BCD STRING DATA FORMAT

5-60

The packed decimal data format allows packed BCD strings to be transferred
to and from the MC68881. The strings consist of a 3-digit base 10 exponent
and a 17-digit base 10 mantissa. Both the exponent and mantissa have a sep-
arate sign bit. All digits are packed BCD so an entire string fits in 96 bits {three
long words). Like all data formats, when packed BCD strings are input to the
MC68881, the strings are automatically converted to extended-precision real
values, allowing packed BCD numbers to be used as inputs to any operation.
For example,

FADD.P #-6.023E + 24,FP5

BCD numbers can be output from the MC68881 in a format readily used for
printing by a program generated by a high-level language compiler. For ex-
ample,

FMOVE.P FP3,BUFFER{# — b5}

instructs the MC68881 to convert the floating-point data register 3 (FP3) con-
tents into a packed BCD string with five digits to the right of the decimal point
(FORTRAN F format).
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AC

5-86

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 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 16. To test the parameters guaranteed by Motorola, inputs must be
driven to the voltage levels specified in Figure 16. Outputs are specified with
minimum and/or maximum limits, as appropriate, and are measured as shown.
Inputs are specified with minimum and, as appropriate, maximum setup and
hold times, and are measured as shown. Finally, the measurements 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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The M68000 Family coprocessor interface permits coprocessors to be bus mas-
ters; however, the MC68881 is never a bus master. The MC68881 requests that
the MC68020 fetch all operands and store all results. In this manner, the MC68020
32-bit data bus provides high-speed transfer of floating-point operands and
results while simplifying the design of the MC68881.

Since the coprocessor interface is based solely upon bus cycles and the MC68881
is never a bus master, the MC68881 can be placed on either the logical or
physical side of the systemm memory management unit. This provides a great
deal of flexibility in the system design.

The virtual machine architecture of the MC68020 is supported by the copro-
cessor interface and the MC68881 through the FSAVE and FRESTORE instruc-
tions. If the MC68020 detects a page fault and/or a task timeout, the MC68020
can force the MC68881 to stop whatever operation is in progress at any time
and save the MC68881 internal state in memory.

The size of the saved internal state of the MC68881 is dependent upon the ECU
state at the time FSAVE is executed. If the MC68881 is in the reset state when
FSAVE is received, only one word of state is transferred to memory, which can
be examined by the operating system to determine that the coprocessor pro-
grammer’s model is empty. If the coprocessor is idle when FSAVE is received,
only a few words of internal state are transferred to memory. If the MC68881
is in the middle of executing an instruction, it may be necessary to save the
entire internal state of the machine. Instructions that can complete execution
in less time than it would take to save the larger state in mid-instruction are
allowed to complete execution and then save the idle state. Thus, the size of
the saved internal state is kept to a minimum. The ability to utilize several
internal state sizes greatly reduces the average context switching time.

The FRESTORE instruction permits reloading of an internal state that was saved
earlier and continues any operation that was previously suspended. Restoring
of the reset internal state functions just like a hardware reset to the MC68881
in that defaults are re-established.
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DC ELECTRICAL SPECIFICATIONS (vcc=5.0 Vdc+5%; GND=0 Vdc; TA=0°C to 70°C)

Characteristic Symbol Min Max Unit
Input High Voltage ViH 2.0 vVee \4
Input Low Voltage ViL GND -0.5 0.8 \4
Input Leakage Current (« 525V CLK, RESET, RAW, A0-A4, TS, DS, AS, SIZE|  ljp — 10 pA
Hi-2 {Off State) Input Current («« 2.4 V/0.4 V DSACKO, DSACKT, D0-D31| Irg — 20 pA
Output High Voltage (Ig = - 400 xA) DSACKD, DSACKT, D0-D31| Von 2.4 —
Output Low Voltage {lg| =5.3 mA) DSACKO, DSACKT, DO-D31| Vgi — 0.5 Vv
Power Dissipation Pp — 0.75
Input Capacitance* (Vi =0, TA=25°C, f=1 MHz) Cin — 20 pF
Output Load Capacitance CL — 130 pF

*Capacitance is periodically sampled rather than 100% tested.

AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (vcc=5.0 vdc = 5%;

GND =0 Vdc; Ta=0 to 70°C; refer to Figure 17)

12 MHz | 16.67 MHz| 20 MHz 25 MHz
Num Characteristic Min | Max | Min | Max | Min | Max | Min | Max Unit
Frequency of Operation 8 [125] 8 [16.67]1256] 20 |125]| 25 | MHz
1 Cycle Time Clock 80 | 125 ]| 60 | 125 | 50 | 80 | 40 | 80 ns
2,3 |Clock Pulse Width 32 | 8 | 24|95 ] 20 | 54| 15 | 59 ns
4,5 |Rise and Fall Times — 5 — 5 — 5 — 4 ns

CLOCK

—

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

Figure 17. Clock Input Timing Diagram
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The BIU contains the coprocessor interface registers (CIRs), and the 32-bit
control, status, and instruction address registers. In addition, the register select
and DSACK timing control logic and the status flags used to monitor the status
of communications with the main processor are contained in the BIU.

The eight, 80-bit, floating-point data registers (FPO-FP7) are located in the ECU.
In addition, the ECU contains a high-speed 67-bit arithmetic unit used for both
mantissa and exponent calculations, a barrel shifter that can shift from 1-67
bits in one machine cycle, and ROM constants (for use by the internal algorithms
or user programs).

The MCU contains the clock generator, a two-level microcode sequencer that
controls the ECU, the microcode ROM, and self-test circuitry. The built-in self-
test capabilities of the MC68881 enhance reliability and ease manufacturing
requirements; however, these diagnostic functions are not available to the user.

BUS INTERFACE UNIT

5-66

All communications between the MC68020 and the MC68881 occur via standard
M68000 Family bus transfers. The MC68881 is designed to operate on 8-, 16-,
or 32-bit data buses.

The MC68881 contains a number of CIRs that are addressed in the same manner
as memory by the main processor. The M68000 Family coprocessor interface
is implemented via a protocol of reading and writing to these registers by the
main processor. The MC68020 implements this general-purpose coprocessor
interface protocol in hardware and microcode.

When the MC68020 detects a general-type MC68881 instruction, the MC68020
writes the instruction to the memory-mapped command CIR and reads the
response CIR. In this response, the BIU encodes reqguests for any additional
action required of the MC68020 on behalf of the MC68881. For example, the
response may request that the MC68020 fetch an operand from the evaluated
effective address and transfer the operand to the operand CIR. Once the MC68020
fulfills the coprocessor request(s), the MC68020 is free to fetch and execute
subsequent instructions.

A key concern in a coprocessor interface that allows concurrent instruction
execution is synchronization during main processor and coprocessor com-
munication. If a subsequent instruction is written to the MC68881 before the
ECU has completed execution of the previous instruction, the response instructs
the MC68020 to wait. Thus, the choice of concurrent or nonconcurrent instruc-
tion execution is determined on an instruction-by-instruction basis by the co-
processor.
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES

(Continued)
12 MHz 16.67 MHz 20 MHz 25 MHz
Num Characteristic Min | Max | Min | Max | Min [ Max | Min [ max | Unit
12 DS Width Asserted (Write) 50 — 40 — 38| — | 30 | — ns
13 |DS width Negated 50 | — |40 | — | 38| — |3 | —]| ns
13A% |DS Negated to AS Asserted 0| — 30| — |3 | —|[25]—] ns
142 |CS, DS Asserted to Data-Out Valid) (Read) — | 10| — | 8 | —[60] — |45 | ns
15  |DS Negated to Data-Out Invalid {Read) 0 — 0 — 0o |l —] 0| — | ns
16 DS Negated to Data-Out High Impedance (Read) — 70 — 50 — [ 30 [ — | 30 ns
17 Data-In Valid to DS Asserted (Write) 20 — 15 _ 10 | — 5 — ns
18 DS Negated to Data-In Invalid (Write) 20 — 15 — 10 — 5 — ns
192 [START True to DSACKO and DSACKT Asserted — 70 — 50 — | 3| — | 25 ns
19A7 |DSACKD Asserted to DSACK1 Asserted {Skew) -20| 20 | -15} 15 |-10| 10 [-10[ 10 | ns
20 [DSACKO or DSACKT Asserted to Data-Out Valid — |60 ] — | 50| — |43 | —|32]| ns
218 [START False to DSACKO and DSACK1 Negated — 70 — 50 — | 30 | — | 3 ns
228  |START False to DSACKO and DSACKT - 90 — 7 | — |4 { — [ 40 ns
High Impedance
2338 |START True to Clock High {Synchronous Read) 0 — 0 — ol —1{10 ]| — ] nms
243 |Clock Low to Data-Out Valid {Synchronous Read) — 140 | — 105 | — 80 _ 60 ns
2538 [START True to Data-Out Valid (Synchronous Read) | — [140+| — |105+| — |80+ | — |60+ | ns
1.5 2.5 1.5 2.5 15| 25| 15 | 25 | Clks
263 |Clock Low to DSACKO and DSACKT Asserted — 10| —]75|—~|5|—]4]ns
{Synchronous Read)
2738 |START True to DSACKO and DSACK? — |100+] — [75+ | — |55+ | — |45+ | ns
Asserted (Synchronous Read) 15125 | 16| 25 |15 ] 25 ]| 15 | 25 | Clks
NOTES

. 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 V and 2.0 V.

2. These specifications only apply if the MC68881 has completed all internal operations initiated by the termination of
the previous bus cycle when DS was negated.

3. Synchronous read cycles occur only when the save or response CIR locations are read.

4. This specification only applies to systems in which back-to-back accesses (read-write or write-write) of the operand
CIR can occur. When the MC68881 is used as a coprocessor to the MC68020/MC68030, this can occur when the
addressing mode is immediate.

. If the SIZE pin is not strapped to either Vo or GND, it must have the same setup times as do addresses.

- If the SIZE pin is not strapped to either Vo or GND, it must have the same hold times as do addresses.

. This number is reduced to 5 ns if DSACKO and DSACKT have equal loads.

. START is not an external signal; rather, it is the logical condition that indicates the start of an access. The logical
equation for this condition is START - CS + AS + (R/W-DS). o -

9. If a subsequent access is not a FPCP access, CS must be negated before the assertion of AS and/or DS on the non-
FPCP access. These specifications replace the old specifications 8 and 8A. {The old specifications implied that, in all
cases, transitions of CS must not occur simultaneously with transitions of AS or DS. This is not a requirement of the
MC68881.)

0~ oy

5-90 M68000 FAMILY REFERENCE MANUAL MOTOROLA




The connection between the MC68020 and the MC68881 is a simple extension
of the M68000 bus interface. The MC68881 is connected as a coprocessor to
the MC68020, and the selection of the MC68881 is based upon a chip select
(CS), which is decoded from the MC68020 function codes and address bus.
Figure 7 illustrates the MC68881/MC68020 configuration.

| V 1
MCe8881
ADORESS -3+ FLOATINGPOINT MEMORY
COPROCESSOR
FUNCTION cooes
MC68020
PROCESSOR ADDRESS BUS > BUS EXTENSION
< DATA BUS >

Figure 7. Typical Coprocessor Configuration

As shown in Figure 8, the MC88881 is internally divided into three processing
elements; the bus interface unit (BIU), the execution contro! unit (ECU), and
the microcode control unit (MCU). The BIU communicates with the MC68020,
and the ECU and MCU execute all MC68881 instructions.
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Figure 19. Asynchronous Write Cycle Timing Diagram
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EXCEPTION MODE
ENABLE | CONTROL
CONDITION EXCEPTION | ACCRUED
cope | QUOTIENT | “sTatus  |EXCEPTION
Figure 1. Programming Model
15 14 13 12 1 10 9 8
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Figure 2. Exception Status/Enable Byte
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FP1
FP2

FP3  ELOATING-POINT

FP4 DATA REGISTERS

FPS
FP§

FP7

FPCR CONTROL REGISTER

FPSR STATUS REGISTER

FPIAR INSTRUCTION ADDRESS
REGISTER

INEXACT DECIMAL INPUT
INEXACT OPERATION

DIVIDE BY ZERO

UNDERFLOW

OVERFLOW

OPERAND ERROR

SIGNALING NOT A NUMBER
BRANCH/SET ON UNORDERED
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PIN ASSIGNMENTS

68-LEAD PIN GRID ARRAY

k(O O O OO O O O O O
Al RW OND' DSACKI D3 D2 D27 D2 D24 D22
J O O 0 0O 0O 0O O 0 0 o
A3 Voo~ CS DSACKO D31 D28 D25 GND 02 D21
H O O o O O O
A A A Vcc  GND™ D19
G O O O O
DS M DX DI8
F o o O O
SIZE  GND™ DI7 D16
E 0 O O O
NC  Vgo Vcc GND
o] O O O O
AESET GND" D2 D5
c 0O O O O O O
GND CLK GND DS D13 D4
B 0O O O O O O O O
Voo GND* GND* SENSE D2 D5 GND Voo D10 DY
"12-& 8 9882 82 S8
» GND* DO 3 D4 .

N ~/
1 2 3 4 5 6 7 8 9 10
Pin Group Vcc GND
D31-D16 H8 J8
D15-D00 B8 B7

Internal Logic E A2, B2, B3, B4™

DSACK1, DSACKD E2,E9 C3,E10, K3
Separate — Ci

Extra A1,B1,J2 A10, D2, F2, H9

* New assignment for the A93N mask.

** Reservad for future Motorola use.

*** SENSE pin, may be used as an additional GND pin.
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A fundamental goal of the M68000 Family coprocessor interface is to provide
the programmer with an execution model based upon sequential instruction
execution by the MC68020 and the MC68881. For optimum performance, how-
ever, the coprocessor interface allows concurrent operations in the MC68881
with respect to the MC68020 whenever possible. To simplify the programmer’s
model, the coprocessor interface is designed to emulate, as closely as possible,
nonconcurrent operation between the MC68020 and the MC68882.

The MC68881 is a non-DMA type coprocessor using a subset of the general-
purpose coprocessor interface supported by the MC68020. Features of the in-
terface implemented in the MC68881 are as follows:

5-60

The main processor(s) and MC68881 communicate via standard M63000
bus cycles.

The main processor(s) and MC68881 communications are not dependent
upon the instruction sets or internal details of the individual devices (e.g.,
instruction pipes or caches, addressing modes).

The main processor(s) and MC68881 may operate at different clock speeds.

MC68881 instructions utilize all addressing modes provided by the main
processor.

All effective addresses are calculated by the main processor at the request
of the coprocessor.

All data transfers are performed by the main processor at the request of
the MC68881; thus, memory management, bus errors, address errors, and
bus arbitration function as if the MC68881 instructions were executed by
the main processor.

Overlapped (concurrent) instruction execution enhances throughput while
maintaining the programmer’s model of sequential instruction execution.

Coprocessor detection of exceptions requiring a trap to be taken are serv-
iced by the main processor at the request of the MC68881; thus, exception
processing functions as if the MC68881 instructions were executed by the
main processor.

Support of virtual memory/machine systems is provided via the FSAVE
and FRESTORE instructions.

Up to eight coprocessors may reside in a system simultaneously; multiple
coprocessors of the same type are also allowed.

Systems may use software emulation of the MC68881 without reassem-
bling or relinking user software.

*Throughout this technical summary, all references to the MC68020 also apply to the MC68030.
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