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TECHNICAL DATA

Technical Summary

HCMOS Enhanced
Floating-Point Coprocessor

The MC68882 floating-point coprocessor fully implements the IEEE Standard. for Binary Floating
Point Arithmetic (ANSI-IEEE Standard 754-1985) for use with the Motorola M68000 Family of miéus
processors. An upgrade of the MC68881, it is pin and software compatible with an 0pt|m|zed MPU
interface providing in excess of 1.5 times the performance of the MC68881. It is implem
VLS| technology to give. systems demgners the highest possible functionality in a phy
device. :

Intended pnmanly for use as a coprocessor to the MC68020 or MCGBOSO 32- b|t '“?océssor’

capablllttes This extension is achleved by prowdlng a very high performange i 03
metic:unit and a set of floating-point data registers-which are analogouswf Use of the integer
data registers. The MC68882 instruction set is a natural extension of all éarl@r ‘members of the
M6E8000-Family, and it supports all of the addressing modes of the h@sl;-lﬁ?ﬁ Due to the flexible
bus interface of the M68000 Family, the MC68882 can be used with arf?,of the MPU devices of the
M68000 Family and as a peripheral to non-M68000 processors,
The major features of the MC68882 are:

® Eight general purpose ﬂoatmg—pomt data register:
precision real data format (a 64-bit mantissa plus & g‘ﬁ' b|t and a 15-bit s:gned expanent).

® A 67-bit arithmetic unit to allow very fast calcu[auons' w:th intermediate precision greater
‘than the extended precision format

¢ A 67-bit barrel shifter for high-speed shi th dberatlons (for.normalizing etc.).

Special purpose hardware for high- 3{3 &«go’hvers:on of I:unary real memory operands 10 and
from the internal extended format

Reduced coprocessar interfacs Lo Hf
Forty-six instructions, includ 85arithmetic operations.

Full conformation to the @ﬁNSHﬁEE 754 standard, including all requirements and suggestlons.
Support of functlons“ﬂbt@effaned by the IEEE standard, mc[udmg a full set of trigonometric

ad to zncrease throughput.

Seven data typeﬁz?b e, :'word and long word integers; single, doub[e and extended precision
real numbersx‘ gnd p:acked blnary coded dec:mal strmg real numbers;
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. Gﬁncmrént instruction execution with the main processor
(?a{;éurrent instruction execuuon of multlple floating-point instructions.
® (e with any host processor, on an 8-, 16-, or 32-bit data bus.

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

The MC68882 functions as a coprocessm in systems

~ where the MC68020 or MC68030 is the main processor -

via the M68000 coprocessor interface. It functions as a
peripheral processor in systems where the main proces-
sor is the MC68000, MC68008, or MC68010.

The MC68882 utilizes the M68000 Family coprocessor
interface to provide a logical extension of the MC68020
or MCB8030 registers and instruction set in a manner
which is transparent to the programmer. The program-
mer perceives the MPU/FPCP execution model as if both

_ devices are implemented on one chip. 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 MC688020 -
or MC68030 and the MC68882. For optimum perform-

ance, however, the coprocessor interface allows concur-
rent operations in the MC68882 with respect to the
MC68020 or MC68030 whenever possible. In order to sim-
plify the programmer’s model, the coprocessor interface
is designed to emulate, as closely as possible, non-con-
current operation between the MC68020 or MC68030 and
the MC68882.

The MC68882 is a non-DMA type coprocessor which
uses a subset of the general purpose coprocessor inter-
face supported by the MC68020 or MC68030. Features of
the interface implemented in the MC68882 are as follows:

® The main processor(s) and MC68882 communicat
via standard M68000 bus cycles.

® The main processor(s}) and MC68882 COWmLFﬁI-_ .

cations are not dependent upon the arpﬂf cture
of the individual devices (e.g., |nstruc§?‘é‘i§fﬂ s or
caches, addressing modes). & o,

® The main processor(s) and MCG@&@ﬂay operate
at different clock speeds. ,&

® MC68882 instructions utilizg, afl“;aadressmg modes
provided by the main 5;,"’01:5:%‘

o Al effective addresﬂgshi%’ calculated by the main
processor at thgv& of the coprocessor.

e All data tran@fei‘%ﬂfe performed by the main pro-

cessor at ﬂ*ﬁwequest of the MC58882.

. Overlpﬁgéd {toncurrent) instruction execution en-
_tﬁrbughput while maintaining the pro-
grar imer's model of sequential instruction
"'éXecutlon

‘a trap to be taken are serviced by the main pro-
cessor at the request of the MC68882.

¢ Support of virtual memory/virtual machine sys-
tems 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 allowed,

® Systems may use software emulation of the
MC68882 without reassembling or relinking user
software.

MOTOROLA
2

G@processor detection of exceptlons whlch require

r -ﬁ’,

' HARDWARE OVERVIEW

The MC68882 is a high performance floating-point de-
vice designed to interface with the MC68020 or MC68030
as a coprocessor. This device fully supports the MC68020
or MC68030 virtual machine architecture and is imple-
mented in HCMOS, Motorola’s low power, small geom-

etry process. This process allows CMOS and HMOS {high

density NMOS) gates to be combined on the s
CMOS structures are used where speed ang,
is required, and HMOS structures are use
mum silicon area is desired. Using ttus e
creases speed performance whilge’ usﬁag low power
consumption, yet still confines the‘MEGSﬂm to a reason-
ably small die size. x;”*”&; '

The MC68882 can also he u d"’as a peripheral pro-
cessor in systems where the' MCGEUZO or MC68030 is not
the main processor {e. 68000 MCE8008, MC68010).
The configuration oiﬁﬁw 68882 as a peripheral pro-
cessor or coproc%? Qr ay be completely transparent to
user software (i.e. t{aé“’same object code may be executed
in either conﬁf@gratlon]

-~ The argh fé of the. MC68882 appears to the user
asa log:(ﬁl tensmn of the M68000 Family architecture.
Becag 0f°t e coupling of the coprocessor interface, the

NL(’.‘BS or MC68030 programmer can view the MC68882
rem§ters as though the registers are resident in the
68020 or MC68030. Thus, a MC68020 or MC68030 and
u:@h MC68882 device pair functions as one processor with
eight integer data registers, eight address registers, and
eight floating-point data registers supportmg seven float-
ing-point and integer data types.
The MC68882 programming model is shown in Figures
1.through 6 and consists of the following:

¢ Eight 80-bit floating-point data registers (FPQ-FP7).
These registers are analogous to the integer data
registers (D0-D7) and are completely general pur-
pose (i.e., any instruction can use any register).

- @ A 32-bit control register that contains enable bits
for each class of exception trap, and mode hits to
set the user-selectable roundlng and precision
modes. .

® A 32-bit status register that contains floating-point
condition codes, quotient bits, and excepuon sta-
tus information.

® A 32-hit instruction address register that contains
the main processor memory address of the last
floating-point instruction that was executed. This
address is used in exception handling to locate the
instruction that caused the exception.

The connection between the MC68020 or MC68030 and
the MC68882 is a simple extension of the M68000 bus
interface. The MC68882 is connected as a coprocessor to
the MC68020° or MC68030, and the selection of the
MC68882 is based on a chip select which is decoded from
the MC68020 or MC68030 function codes and address
bus. Figure 7 illustrates the MPU/coprocessor configu-
ration.

As shown in Figure 8, the MC68882 is internally divided
into three processing elements: the bus interface unit

' For More Information On This Producti
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!— INEXACT DECIMAL INPUT
INEXACT OPERATION
DIVIDE BY ZERD

UNDERFLOW
OVERFLOW

OPERAND ERROR
SIGNALLING NOT A NUMBER
BRANCH/SET ON UNORDERED

ROUNDING MODE:
00 TO NEAREST
01 TOWARD ZERO
10 TOWARD MINUS INFINITY
11 TOWARD PLUS INFINITY

ROUNDING PRECISION:
00 EXTENDED
01 - SINGLE
10 DOUBLE
11" (UNDEFINED, RESERVED)

Figure 3. Mode Control Byte
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{BIU), the conversion unit (CU), and the arithmetic proc-
essing unit {APU). The BIU communicates with the
MC68020 or MC68030, the CU performs data conversion
for binary real data formats, and the APU executes all
MC68882 instructions.

The BIU contains the coprocessor interface registers,

(CIRs). In addition to these registers, the register select
and DSACK timing control logic is contained in the BIU.

‘Finally, the status flags used to monitor the status of

communications with the ITIaII‘I processor are contained
in the BIU.

The CU contains special purpose hardware that per-
forms data format conversions between binary real data
formats to and from the internal extended format. The
CU relieves the APU of a significant work load and allows

the MC68882 to execute data movement and preparation.

functions concurrently with arithmetic and transcenden-
tal calculations, _

The eight 80-bit floating-point data registers (FP0-FP7)
and the 32-bit control, status, and instruction address
registers (FPCR, FPSR and FPIAR) are located in the APU,
In addition to these registers, the APU contains a high-
speed 67-bit arithmetic unit used for both mantissa and
exponent calculations, a barrel shifter that can shift from
1 bit to 67 bits in one machine cycle, and ROM constants
(for use by the internal algorithms or user programs).

The control section of the APU contains the clock gen-
erator, a two-level micracode sequencer, the microcode

cycle. (The function codes are generated by the M68000
Family processors to identify eight separate address
spaces.) Thus, the memory-mapped coprocessor inter-
face registers do not infringe upon instruction or data
address spaces. The MC68020 or MC68030 places a co-
processor ID field from the coprocessor instruction onto
three of the upper address lines during coprocessor ac-
cesses. This ID, along with the CPU address space func-
tion code, is decoded to select one of eight coprocessors
in the system.

Since the coprocessor interface protocol is ba %lely
on bus transfers, the protocol is easily emu %v soft-
ware when the MC68882 is used as a penﬂ@d’: ith any
processor capable of memory- mapped an M68000
style bus. When used as a penpher«ai,prméssor with the
8-bit MC68008, the 16-bit IVICGB ) t%r:fhe MC68010, all
MC68882 instructions are traprfe ﬂ‘% he main processor
to an exception handler at g: h time. Thus, the soft-
ware emulation of the ¢ b or interface protocol can
be totally transparent}é ‘bgzuser The MC68882 can pro-
vide a parformance«;ggﬁ oft for MC68000- based designs
by changing the processors to the MC68020 or
MC68030. The:s ﬁware migrates without change to the
next geneg{ﬁ\ & Wrequipment using the MC68020 or
MC68030§ % "

qu,é tth.lS is asynchronous, the MCE8882 need not

at ﬁfw same clock speed as the main processor. Total
m performance may therefore be customized. For a

ROM, and self-test circuitry. The built-in self-test capa- p’“ ef"i CPU performance requirement, the floating-point
bilities of the MC68882 enhance reliability and ease man- 4, "}, performance can be selected to meet particular price/
ufacturing requirements; however, these d:agnosh&{-‘-\ \Z performance specifications, running the MC68882 at
functions are not accessible outside of the special test * slower {or faster) clock speeds than the MPU clock.

Go to: www.freescale.com

environment supported by VLS| test equmment Té: o
I T

BUS INTERFACE UNIT

All communications between the MC68
and the MC68882 occur via standard Mﬁ%
transfers.. The MC68882 is desugneﬁ* ﬁrp
16-, or 32-bit data buses. oy, Y,

The MC6B882 contains a numbé"r«aﬁ coprocessor inter-
face registers (CIRs) that arg@&gré’ssed in the same man-
ner as memory by the mair pr i pr &sessor The M68000 Family
coprocessor mterfacg_ isuimiplemented via a protocol of
reading and writing td"thése registers by the main pro-
cessor. The MC68020 and MC68030 implement this gen-
eral purpose coﬁr&&e{sor interface protocol in hardware
and microcad®u,

When @8@'&06&020 or MC68030 detects a general type
Mcsagsm@ns&ucnon the MC68020 or MC68030 writes
the instrugtion to the memory-mapped command CIR and
: fhe response CIR. In this response, the BIU encodes

-amily bus
erate on 8-,

“MC68030 on behalf of the MC68882. For example, the

an operand from the evaluated effective address and
transfer the operand to the operand CIR. Once the
MC68020 or MC68030 fulfills the coprocessor request(s),
the MC68020 or MC68030 is free to fetch and execute
subsequent instructions.

The only difference between a coprocessor bus transfer
and any other bus transfer is that the MC68020 or MC68030
issues a CPU address space function code during the

MC68882
BR509/Rev. 3

pw“ésaoso .

its for any additional action required of the MC68020

fesponse may request that the MC68020 or MC68030 fetch -

..COPROCESSOR INTERFACE

" The M68000 Family coprocessor interface is an integral
part of the MC68882 and MC68020 or MC68030 designs.

The interface partitions MPU and coprocessor operations
so that the MC68020 or MC68030 does not have to com-
pletely decode coprocessor instructions, and the MC68882
does not have to duplicate main processor functions (such
as effective address evaluation). This partitioning pro-
vides an orthogonal extension of the instruction set by
permitting MC68882 instructions to utilize all MC68020
orMC68030 addressing modes and to generate execution
time exception traps. Thus, from the programmer’s view,
the MPU and coprocessor appear to be integrated onto

" asingle chip.

While the execution of the great majority of MC68882
instructions may be overlapped with the execution of
MCE8020 or MC68030 instructions, concurrency is com-

pletely transparent to the programmer. The MC68020 and

MC68030 single-step and program flow (trace) modes are
fully supported by the MC68882 and the M68000 Family
coprocessor interface.

While the M68000 Family coprocessor mterface per-
‘mits coprocessors to be bus masters, the MC68882 is
never a bus master. The MC68882 requests that the
MC68020 or MC68030 fetch all operands and store all

“results. In this manner, the MC68020 and MC68030 32-

bit data bus provides high speed transfer of floating-point
operands and results while simplifying the design of the
MC68882.

MOTOROLA
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MC68882 PERFORMANCE ENI-}
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Since the coprocessor interface is based solely upon
bus cycles {to and from CPU space) and the MC68882 is
never a bus master, the MC68882 can be placed on either
the logical or physical side of the system memory man-
agement unit in an MC68020-based system. Since the
memory management unit of the MC88030 is on-chip,
the MC68882 is always on the physical side of the mem-
ory management unit in an MC68030 system.

The virtual -machine architecture of the MC68020 or
MC68030 is supported by the coprocessor interface and
the MC68882 through the FSAVE and FRESTORE instruc-
tions. If the MC68020 or MC68030 detects a page fault
and/or a task time out, the MC68020 or MC68030 can force
the MC68882 to stop whatever operation is in progress
at any time and save the MC68882 internal state in mem-

. ary. During the execution of a floating-point instruction,

the MC68882 can stop at predetermined points as well
as at the completion of the instruction.

The size of the saved internal state of the MC68882 is
dependent upon the state of the APU at the time the
FSAVE is executed. If the MC68882 is in the reset state
when the FSAVE instruction is réceived, only one word
of state is transferred to memory, which may be exam-
ined by the operating system to determine that the co-
processor programmer's model is empty. If the
coprocessor is in the idle state when the save instruction

is received, only a few words of internal state are trans--

ferred to memory. If executing an instruction in the busy

state, it may be necessary to save the entire internal state -
of the'machine. Instructions completing execution in less

time than it takes to save the larger state in mid-instruc-
tion 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 mternafstate
sizes greatly reduces the average context swltcl‘ﬁ g time

The FRESTORE instruction permits reloa@mg? ‘an in-
ternal state that was saved earlier and cnnﬁnﬂg& ‘any op-
eration that was previously suspended. # FRESTORE of
the null state frame re-establishes defaultregister values,
a. functlon identical to the MCB888 ﬁardware reset.

The high performance o he MC68882 is the result of
the MC68882's abilty t6 ¢ute multiple floating-point
instructions concuggentlu The direct result of concur-
rency is to utngﬁmé“ Arithmetic Processing Unit [APU]
more efficiently by décreasing its idle time.

When the 82 receives an instruction, the BIU,
along mthﬁ i 2 CU, can initiate the instruction, fetch the
necessary operands, and convert them to the internal

exte format even thaugh the APU is busy complet-
ing, execution of a previous instruction. Although the
C68881 can only instruct the main processor to wait if

M
f:he*ﬁPU is busy, the MC68882 CU can proceed with the

nextinstruction. When the APU is finally ready-to perform-.

the calculation, it can do so immediately without incur-
ring delay due to data movement and preparation func-
tions. .

Another factor in obtalnmg increased. performance in
the MC68882 is the optimized ‘FMOVE instructions for
binary real data formats. These FMOVE instructions ex-
ecute twice as fast as the corresponding FMOVE instruc-
tions of the MC68881. The FMOVE instructions are also

McCeass2
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potentially fully concurrent and, therefore, can be com-

pletely executed during the execution of a prewous in-

struction.

The MC68882 also has a more oplimlzed coprocessor
interface than the MC68881. If an arithmetic instruction
has data formats of Single, Double or Extended, the dial-

- ogs are designed to increase the potential overlap with
" subsequent instructions. This overlap can significantly

decrease the effective instruction execution time.

&

OPERAND DATA FORMATS/

The MC68882 supports the followin ﬂa‘ﬁa “formats:
Byte Integer (B)
Word Integer (W)
Long Word Integer (L)
- Single Precision Real (8
Double Precision Real,

Extended Precisiofi Real (X)
Packed Decimal %g Real (P}

The capital letters
fixes added 16"
source speg

ined in parentheses denote suf-
structions in the assembly language
1 fhe data format to be used.

INTEGER:DATA FORMATS

s

: __,}'he th‘fee integer data formats (byte, word and long

d), are the standard twos complement data formats
sdgported in the M68000 Family architecture. Whenever
‘an integer is used in a floating-point operation, the in-

“teger is automatically converted by the MC68882 to an :

extended precision floating-point number before being
used. For example, to add an integer constant of five to

the number contained in floating-point data register 3+

(FP3), the following instruction can be used:
FADD.W #5,FP3 _
{The Motorola assembler syntax “#" is used to
denote immediate addressing.)

The ability to effectively use integers in floating-point

operations saves user memory since an integer repre-
sentation of a number, if representable, is usually smaller
than the equivalent floating-point representation.

FLOATING-POINT DATA FORMATS
The floating-point data formats, single precision {32-

_bits) and double precision (64-bits), are defined by the

IEEE standard. These data formats are the main floating-

- point formats-and should be used for most calculations

involving real numbers. Table 1 lists the exponent and
mantissa size for single, double, and extended precision.
The exponent is biased, and the mantissa is in sign and
magnitude form. Since single and double precision re-
quire normalized numbers, the most-significant bit of the
mantissa is implied as:a one.and is-nét included, thus
giving one extra bit of precision.

" The extended precision data format is also in conform-

ance with the |IEEE standard, but the standard does not
specify this format to the bit level whereas it does for

. single and double precision. The memory format on the

MC68882 consists of 96 bits {three long words). Only 80

‘bits are actually used; the other 16 bits are for future

MOTOROLA

Because of an order from the United States International Tr’adé Commission, BGA-packaged product lines and part numbers indicated here currently are not

-available from Freescale for import or sale in the United States prior to September 2010: MPC5567 products in 496 MAPBGA packages




Table 1. Ekpqneﬁt-;aﬁd_l\’lantissa Sizes '

- Data. | Exponent Mantissa | -
Format - | Bits |  Bits Bias -
Single o8 | w31 | 2
Double | 11 | sa(+1) | 1023
Extended - 15 64 16383

' expandab'ilit'y-and for.Iong'_'-wbrd"alignmen_thf'flc;)at.ing-
point data structures. Extended format has a 15-bit ex-
ponent, a 64- bit mantissa, and a 1-bit mantissa sign. .

Extended -precision numbers are intended for use as '
temporary variablés, intermediate values, or in areas

where extra precision is needed. For example, a compiler

might select extended precision arithmetic for evaluation
of the right side of an eguation with mixed sized data

- and then convert thé;a”ns_wer to the data type on the left

~ side of the equation. It is. anticipated that extended pre-
cision data will not be stored in large arrays due to the .

. amount of memory required by each value. -

PACKED_"DECIMAL STR_INGI BE_AL' DATA .-FOR_MAT :

The packed decimal data format allows packed BCD

strings to be transferred to and from the MC68882. The

- strings consist:of a 3-digit base 10 exponent and a 17-

~ digit base 10 mantissa. Both the exponent and. mantissa
have a separate sign bit. All digits are packed BCD; an

entire string fits in 96 bits (three long words). As is the o

-~ case with all data formats when packed BCD st
supplied to the MC68882, the strings are aut
converted to extended precision real valt '
version allows packed BCD numbers to be'
to any operation. For example -
. FADD.P  #-6. 023E+ 7

~ BCD numbers can be outpu
format readily used for pnntm%li
by a high-level language
FMOVE. - _
This instruction converts the floating-point data reg-
~ ister 3 (FP3) contegits.into' a packed BCD string with five
" digits to-the rigl
mat}.  g®

T SUMMARY

Iegal |nstructlons

FADDB  #0FPO
- FADD.W D2,FP3
FADD.L ~  BIGINT,FP7.
- FADD.S  #3.14159,FP5
- FADDD  (SP)+.FP6 o
FADD.X =~ [(TEMP_PTR,A7)],FP3
FADD.P = #1.23E25,FPQ -

- Most on- chlp calculations are. performed in the ex-' "
tended precision format, and t_he_elgr__\t_ﬂoatmg pqi_ntda_ta

Freescale Semlconductor, Inc.

_ classes -

He decimal point (FORTRAN-F for- -

ormats descnbed above are supported or-
ly by all arithmetic and transcendental opera-
and by all appropriate MC68020 or MC68030
ressing modes. For examp[e all of the followmg are

_ _reg’isterﬁ always contain extended precision values. Al
- operands used are converted to extended precision by.

the MC68882 before a specific. operatlon is performed,

~ and all res__ults are in extended precision. The use of ex-
. tended precision ensures maximum accuracy without

sacrificing pe'rformance' Refer to Figure 9 for a summary

of the memory formats for the seven data formats sup-
: pcrted by the MCBBSBZ

INSTRUCTI:ON s

The MC68882 instruction set |s %

1. Moves between the (
. and out),

RN N NANNY

il moves from memory {or from an MC68020 or

- The syntax for the move: is: : : '

"~ FMOVE.<fmt> <ea>,FPn Move to MCE8882
FMOVE.<fmt> FPm,<ea> Move from MC68882
FMOVE. )( - FPm, FPn :

: where E
<ea> is an MCSSOZO or MC68030 effectlve address

‘operand.
<fmt> is the data format size.
FPm and FPn are ﬂoatmg pomt data registers

'.MOVE MULTIPLE REGISTEFIS

- The floating-point move multiple instructions on the |

MC68882 are much like the integer counterparts on'the
. M68000 Family processors. Any set of the floating-point

registers FPO through FP7 can be moved to or from mem-

~ ory with one instruction. These registers are always moved

‘as 96-bit extended data with no conversion (hence no.

~ possibility of conversion errors). Some examples of the o

move multiple mstrucnon are as follows: -
FMOVEM - (ea) FPO-FP3/FP7
FMOVEM FP2/FP4/FP6,<ea>

- The move mulnple mstruct[ons are useful durmg con-” _
" text switches and’ interrupts to save or restore the state.

" For More Information On This Product,

MOTOROLA .
g _
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8882 and rnemory or the

68030 data register) to the MC68882, data isconverted
from the source data format to the internal extended pre-
cision format. On all moves from the MC68882 to memory
~ for to. an MC68020 or MC68030 ‘data- -register), data is
- converted from the internal extended precrsmn format to
the destination data format. Note that data movement

- instructions perform arithmetic operations, since the re- .

sult is always rounded to the precision selected in the
FPCR mode control byte. The result is rounded using the
selected rounding mode and is checked for overﬂow and

underflow. : : '

:Move within M068882-.;

fan 6r‘der.frbm the U.hited S_tat_eé International _Trade'Comrhiss'io'n,.'BGQE ]
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62 . .51

7 i}

8 BITS | BYTE INTEGER

16.BITS WORD INTEGER

h

32 BITS

3 22
8-BIT

SINGLE REAL

1-BIT
EXP.

DOUBLE REAL

— SIGN OF FRACTION

15-BIT
EXPONENT

MANTISSA

64-BIT
EXTENDED REAL

NARY POINT

17-DIGIT -
- MANTISSA -

PACKED DECIMAL REAL

of'a. program. These moves are also.useful at'the start
and end of a.procedure to. save and -restore the register
set of the “calling routine. In order to reduce procedure

“call overhead, the list of registers to be saved or restored

can be contained in a data. register thus enabling run-
time optlrnizatlon by allowing a called routine to save as
few registers as possible. Note that no rounding .or ov-
erﬂow)‘underﬂow checking IS performed by these oper-
atlons

ARY Tﬂ DECIMAL CUNVERS!(}N UVEBFL[]W UCCURS

Go to: www.freescale.com

Flgure 9. M068882 Data Format Summary

MONADIC OPERATIDNS

" Monadic operatlons have one- operand Thls operand
may.be ina floating-point data register, memory; or in
an MC68020 or MC68030 data register. The result is al-
ways storedin a floating-point data register. For example,
the syntax for square root is:

FSQRT.<fmt> <ea>FPn or,
FSQRT.X - FPm,FPn or,
FSQRT.X FPn

MOTOROLA

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

" available from Freescale for import or sale in the United States prior to September 2010: MPC5567 products in 496 MAPBGA packages
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The MC68882 monadic operations available are as fol- the necessary condition checking and reports to the

lows: MC68020 or MC68030 whether the condition is true or
FABS ' Absolute Value false. The MC68020 or MC68030 then takes the appro-
FACOS Arc Cosine - priate action. Since the MC68882 and MC68020 or _
FASIN Arc Sine MC68030 are closely coupled, the floating-point branch
. FATAN - Arc Tangent : operations execute very quickly.
FATANH Hyperbolic Arc Tangent The MC68882 conditional operations are: S
FCOS Cosine FBce Branch 5
FCOSH ‘Hyperbolic Cosine FDBce Decrement and Branch S
FETOX e to the x Power : FScc Set Accorclmg to Cor;gdnt?‘ ©
FETOXM1 e tothe X Power —1 FTRAPcc ' £
FGETEXP Get Exponent : o
FGETMAN Get Mantissa = where: X 3
FINT : ~ Integer Part cc is one of the 32 floatmg« int"conditional test @
FLINTRZ - Integer Part {Truncated} 4 2.
FLOG10 Log Base 10 g %
FLOG2 " Log Base 2 B8 <
FLOGN Log Base e S g
FLOGNP1 " Log Base e of(x+1) - <
FNEG Negate . a3
FSIN Sine : ES
"FSINCOS Simultaneous Sine and Cosine Definition 2=
FSINH Hyperbolic Sine S
FSQRT Square Root - NOTE o
FTAN Tangent . N Thﬁ gelfbﬁvlng conditiona! tests do not set the BSUN hit 5Ea
FTANH Hyperbolic Tangent y _status register exception byte under any circum- @ I
FTENTOX 10 to the x Power \aﬂces £8
FTST - Test False § rf:'
FTWOTOX 2 to the x Power Equal 'E ©Q
' OGT Ordered Greater Than af
OGE Ordered Greater Than or Equal oo
DYADIC OPERATIONS oLT Ordered Less Than 8=
Dyadic -operations have two operands eacFﬁ‘” Thé* first gléli gigg:gg Ié'izzg:?r i;:;‘?::m ?é:%
operand is in a floating-point data reglsgg ory, or OR Ordered < o
an MC68020 or MC68030 data register." econd op- UN Unordered Q 2
erand is the contents of a floating-point taregister. The UEQ | Unordered or Equal = 5
destination is the same floating-peint:data register used UGT Unordered or Greater Than - 2%
for the second operand. For ex; r%iq;;le}*t e syntax for float- UGE Unordered or Greater or Equal QL0
ing-point add is: . et ©ULT _ Unordered or Less Than E ‘E
FADD.<fmit> 4%&“&9” _ ' ULE } Unordered or Less or Equal G .8
FADDX = FPm,EPn | NE Not Equal rin
The dyadic operatlo ; available with the MC68882 are as i True B g
follows: . y NOTE % o
Eéa?, ’é‘dﬁ : All the conditional tests below set the BSUN bit in the 5 E
: & i)rppare . status register exception byte if the NAN condition code ® 5
FDIV. Divide bit is set when a conditional instruction is executed. £
FMQOD:, Modulo Remainder . <5
FMUL Multiply SF Signaling False =
VﬁéM : IEEE Remainder SEQ Signaling Equal % %
“FSCALE Scale Exponent _ GT greater 126“ £ n?®
FSGLDIV Single Precision Divide - o | [reater Than or Equal 3o
. .. . ess Than =t
FSGLMUL Single Precision Multiply LE Less Than or Equal £ 2
FSQB Subtract o ' GL | Greater or Less Than 2 g
L ) : GLE Greater Less or Equal E ..E
BRANCH, SET, AND TRAP-ON CONDITION NGLE | Not {Greater, Loss of Eaual 2%
The floating-point branch, set, and trap-on condition NLE Not (Less or Equal} g §
instructions implemented by the MC68882 are similarto | NLT _ Not {Less Than) 5
the equivalent integer instructions of the M68000 Family NGE Not {Greater or Equal) S
processors, except more conditions exist due to the spe- NGT Not {Greater Than) G
cial values in IEEE floating-point arithmetic. When a con- SNE ' gfg“a:fng #'ot Equal %
ditional instruction is executed, the MC68882 performs ST fgna’ing e g =
- _ 2 5
For More Information On This Product,
Go to: www.freescale.com
MOTOROLA - o ' ' S ) ' . MC&8882
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 FRESTORE <ea>

W

- flexible branches and addressing modes

by the coprocessor- interface

Freescale Semlconductor, Inc.

| MISCELLANEOUS H\ISTRUCTIONS '

M:sce!laneous instructions’ |nclude 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 rnternal' _
- state of the MC68882.

FMOVE. = <ea>FPcr  ‘Move to .C__ontrol-Begl_ster{s} -
FMOVE FPcr,fe'ak . Moave from Control Register(s)-
FSAVE- <ea> Virtual Machine State Save

" Virtual Machine State Restore

ADDRESSING MODES

The M068882 does not perform address calculatlons

 Thus, if the MC68882 instructs the MC68020 or MC68030
. to transfer an operand via the coprocessor interface, the

MC88020 or MC68030 performs the addressing mode cal-
culations requested in the instruction. In this case, the

instruction is encoded specifically for the MC68020 or

MC68030, and the execution of the MC68882 is depend-

ent only on the value of the command word written to

the MC68882 by the main processor. -

This interface is flexible -and allows any addressmg_.' o
mode to be used with floating-point instructions. For the-
~ M68000 Family, these addressing modes include im-
mediate, postincrement, predecrement, data or address
register direct, and the indexed/indirect addressing modes

of the MC68020 and MC68030. Some addressing modes

are restricted for instructions consistent with the M68000%u:
Family architectural deﬁmtlons {e.g:; program counter %

relative addressing |s not: ai!owed for a destlnatr
erand). ' . :
‘The orthogonal mstructlon set of the MCES

MC68030 allow a programmer or a ca
think of the MC68882 as though it is
or MC68030. There are no specia] |

metic is coded exactly like int

MPATIBILITY

entation- of multrple floating-point in-
cution concurrency gives the MC68882 a
e advantage over the MC68881. However to

ated by the FSAVE. instruction) are both 32 bytes larger

with the MC68882 than the MC68881. The offsets forthe
~ exceptional operand, the operand register word, and the
~ BIU flag word from the top of the saved idle state frame
are 32 bytes more lhan that of the MC68881. However,a
unique format word is generated- by the MC68882 ena-
bling the system software to detect this difference. The

- MCe8882
anusmw 3

- tions. For interrupt han
" structions, only req
implemented.

n an existing MC68881 socket does
re changes nor user-software modi-

tee that the floating-point exception model main-
he precepts of a'sequential execution model, some' o
‘§ystems-level software modifications are needéd to up-
' grade the system to operate properly with an MC68882 o
First, note that the idle and busy state frames (gener-

unique format word prevents a saved MC68881 context

* from being restored into an MCE8882 and vice versa.

Second, the BSUN (Branch or Set on Unordered), SNAN

" (Signaling Not-A-Number), OPERR (Operand Error), OVFL
" (Overflow), DZ (Divide by Zero) and INEX (Inexact result)

floating-point exception handters must have these m|n~ .
imum requirements: . '

1. An FSAVE must be executed before any other:

floatlng polnt instruction. S I’
2. A BSET or similar instruction that s 's . -'of
the BIU flag word {Iocated in the savgd. idle state
~ frame). ;
3. An FRESTOHE |nstruction ‘must; ecuted be-.

fore the RTE instruction.

* The above requirements a
handlers that do not cont

\ SIGNAL DESCRIPTIONS

groups as shown in Figure 10.

~ NOTE

'The terms assertion and negation are used exten-

" sivelyto avoid confusion when describing "active-

- low” and “active-high” signals. The term assert or-
assertion is used to indicate that a signal is active
or true, independent of whether that level is rep-

resented by a high or low voltage. The term negate -
or negation is used to- |nd|{:ate that a mgnal is in-
acnve or false

_ADDRESS BUS lAO through A4}

" These active-high address Ilne inputs are used by the

‘main processor to select the coprocessor interface reg-
~ister'locations lacated in.the CPU address space. These
- lines control the register selection as listed in'-Toh!e 3.

© MC58882

_ | FLOATING-POINT | AS
G b5
~__ FESHE  DSACRD_
~ SENSE DSACKT _r:

MOTOROLA
1

icable to interrupt -
ny floating-point instruc-
at have floating-point in-
nts #1 and #3 must be.

wing paragraphs contain a brief deson'pt!on' o
. t and output signals for the MC68882 floating-
oprocessor. The signals are functionally organrzed'

. Because of an order f_rorn the Ur:rited States In:ter'né:ti onal Trade Commission, BGA—pack'_eige_d product lines and part hUmbers_indicated her_e'odrrently. are not

~ available from Freescale for import or sale in the United States prior to September 2010: MPC5567 products in 496 MAPBGA packages
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Table3 Coprocessorlnteﬁace '
Reg:s‘ler Selectlon

A4-A0 | Offset | Width | Type |  Register
-0000x | 500 16 | Read Response
0001x | $02 16 | Write |Control
0010x | %04 16 Re’ed_"_ Save
0011x | %06 | 16 | 'RW |Restore
0100x | $08 | 16 | — |(Reserved)
0101x | $0A | 16 | Write |Command
0110x | $0C 16 | — |(Reserved)
0111x | $OE | 16 | Write |Condition
100xx | $10 | 32 | RW |Operand
1010x | $14 16 | Read |Register Select
1011x | $16 ._ 6. | — (Fleser\red}' :
| 10xx | $18 | 32 | Read |Instruction Address
Mixx | $1C | 32 | RW |Operand Address

When the MC68882 is cdnﬁgured to operate over an 8-
bit data bus, the AD pln is used as an address signal for
byte accesses of the coprocessor interface registers. When

the MC68882 is configured to operate over a 16- or 32- o
bit system data bus, both the AQ and the SIZE pins are -

strapped high and/or- Iuw as Ilsted in Table 4

Table 4, System Data Bus Srze Conf'guratlon -

A0 | __SIZE | DataBus.
= Low. BBt
low | High - 16-Bi
_ High High

'DATA BUS (D0 through Daﬂﬁ_'

This 32- bit, bldrrectlonal .
general purpose data
MC68030 and the MCEE
MCEB8882 is operatad
processar, all inte
formation,
quests for g

-detalls}

SIZE {SIZEI' '

This active-low input si'gnalﬁi.s;u's'ed'in cohjunetion with

the A0 pin to configure the MC68882 for operation over

an 8-, 16-, or 32-bit system data bus. When the MC68882 -
~is configured to operate over a 16- or 32-bit system data
. bus, both the SIZE and AQ pms are. strapped hlgh and!or-

~lowas I:sted in Tabie 4

-chip select on any peripheral}.
" READ/WRITE (R/W)
~ action (read/write) by the main g

- {0} indicates a write to the
- be velid when AS is ass

~ DATA STROBE (DS,

ESS BUS (A0 through A4) and SIZE (srzs} for fur-

- ADDRESS STROBE {AS)
" This aci:ve low input signal rndlcates that there is a

_ valid address on the address bus, and both the chip select '

{CS} and read.’wrlte {R/W) signal lines are valld

~ CHIP SELECT (CS)

- This active-low i input mgnal enables the main processor
- access to the MCB8882 coprocessar interface registers.
- When operating the MC68882 as a peripheral pr

the chip select decode is system dependent (i

This input signal indicates the di

(1).indicates a read from th

68882 asserts both the DSACKO. and DSACK1 signals
pon assertion of CS
if the bus cycle is @ main processor read, the MC68882

: 'asserts DSACKO and DSACK1 signals to indicate that the
informatin on the data bus is valid. (Both DSACK 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 MC68882, DSACKO and DSACKT are used to acknowl- -
. edge acceptance of the data by the MC68882. :

" The MC68882 also uses DSACKO and DSACKT signals

: to dynamically indicate to the MC68020/MC68030 the

“port” size (system data bus width) on a cycle-by-cycle

" basis. Dependlng upon which of the two DSACK pins are
‘asserted in a given bus cycle, the MC68020/MC68030 as-

sumes data has been transferred to/from an 8-, 16-, or
32-bit wide data port. Table 5 lists the DSACK assertions

.' _that are used by the MC68882 for the various bus cycles '
"~ aver the various system data bus configurations.

_Table 5 indicates that all accesses over a 32-bit bus.

* where Adequals zero are to 16-bit registers. The MC68882

implements all 16-bit coprocessor interface registers on

data lines D16-D31 {to eliminate the need for on-chip -
“multiplexers}; however, the MCBBOZOIMCGSOSD expects .
16-bit registers that are located in a 32-bit port at odd =
. ‘word addresses {A1=1)} to be implemented on data lines
~ DO0-D15. For accesses to these registers when configured
_for 32-bit bus operation, the MC68882 generates DSACK
_signals as listed in Table 5 to inform the MCB8020/-

MC68030 of valid data on D1G D31 instead of DO- -D15.

CAn external holding resistor is reqmred_to maintain

both DSACKO and DSACK1 high between bus cycles. In
~ order to reduce the signal rise time, the DSACKO and
: DSACK1 Imes are: actlvelv pulled up {negated} by the. o

h se_ acttve Iow three state output srgnals rndlcate' .
impletion of a bus cycle to the main processor. The

n o-r'der frorr]-the United States Intern.etionaj' Trade '.Clomr_'n_ission, BGA—pa
m: Freescale for import or sale in the United States prior to September 2010:

product lines and part rfltrmbers indicated here-curre'ntly are not "

C5567 products in 496 MAPBGA packages
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Table 5. DSACK 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,.023-D16, D15-D8, or D7-DO
All X High High Insert Wait States in Current Bus Cycle

MC68882 following the rising edge of AS or DS, and both
DSACK lines:are then three-stated. (placed in the high-
impedance state) to avoid tnterference with the next bus
cycle.

RESET {RESET}

This active-low input signal causes the MC68882 to
initialize the floating-point data registers to non-signaling
not-a-numbers (NANs) and clears the floating-point con-
trol, status, and instruction address registers.

When performing a power-up reset, external circuitry-

should keep the RESET line asserted for a minimum of
four clock cycles after Vg is within tolerance. This as-
sures correct initialization of the MC68882 when power
is applied. Far compatibility with -all M68000 Family de-
vices, 100 milliseconds should be used as the minimum.

When performing a reset of the MC68882 after V¢ has
been within tolerance for more than the initial power-up
time, the RESET line must have an asserted pulse width

which is greater than two clock cycles. For compatibility .

with all M68000 Family devices, 10 clock cycles should

be used as the minimum, Y

"CLOCK (CLK)

The MC68882 clock input is a TTL-compatilile signal
that is internally buffered for development@ithe internal
clock signals. The clock input should anstant fre-
quency square wave with no strétching o shapmg tech-
nigues required. The clock should Ee gated off at any

* time and must conform to minimum and maximum pe-

riod and pulse width times.

SENSE DEVICE {SENSE)

This pin may be used optionally aﬁaﬁ gﬁdlttonal GND
pin or as as indicator to extepaalyhat rdware that the
MC68882 is present in the system. ‘*il;gs signalis internally
connected to the GND of lhg--cﬁg, but it is not necessary
to connect it to the extﬁr‘ﬂaﬁ round for correct device
operation. If a pullup re?gsﬁ‘)rfwhlch should belarger than
10 kohm) is connect '@‘ﬁs pin location, external hard-
ware may sense th *}arésence of the MC68882 in a sys—
tem. i

POWERL and GND)
Thes%grns prowde the supply voltage and system ref-

ereqice level for the internal circuitry of the MC68882, Care

&N\ be taken to reduce the noise level on these pins

‘with apropriate capacitive decoupling.

‘NO CONNECT (NC)

One pin of the MC68882 package is de3|gna’red asano
connect (NC). This pin position is reserved for future use
by Motorola, and should not be used for signal routing
or connected to V¢ or GND.

~ SIGNAL SUMMARY

Table 6 provides a summary of all the MC68882 signals
described in the above paragraphs.

~ Table 6. Signal Summary

. Mnemonic " Input/Output Active State | Three State
A0-A4 Input High —
D0-D13 Input/Qutput High Yes
SIZE  Input Low —
AS Input Low - —
b G cs Input. Low —
‘”Fféadente S “RIW - Input Highllow | —_
) | Data Strobe : : DS Input " Low —
“ | Data Transfer and Size Acknowledge | DSACKO0, DSACKT Output. Low Yes
Reset RESET Input Low -
Clock ' : - CLK Input | —_ —
'Sense Device ' SENSE input/Output | =~ Low . No
Power Input . : _ Vee Input ' —. -
Ground ' o GND Input = —

ore Info
MC68882

BR509/Rev. 3
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INTERFACING METHODS
o o FCO-FC2 >
MC68882/MC68010 OR MC68030 INTERFACING P
The following paragraphs describe how to connect the A20-A31 f— SELECT s
MC68882 to an MC68020 or MCE8030 for coprocessor- A16-A1S » DECODE
operation via an 8-, 16-, or 32-bit data bus. A13-A15 >
32-Bit Data Bus Coprocessor Connection ASAIZ Veo—>S1ze
Figure 11 illustrates the coprocessor interface connec- 2 Al-Ad P AL-A4 -
tion of an MC68882 to an' MC68020/MC68030 via a 32-bit - 2 A0 — GND—={ AC o
data bus. The MC68882 is configured to operate over a s — o
32-bit data bus when both the A0 and SIZE pins are con- = AS g
nected to VcC. g DS =
& RIW £
(=3 3
= Q
FCO-FC2 > D24-D31 ~1624-031 )
CHIP D16-023 | D16-D23 2,
. T @
A20-A31 |— SELECT > D8-D15 D8-D15 2%
Al6-A19 1 DECODE D0-D7 DO-D7 ke é
A13-A15 > £ 2—
A5-A12 p— Voo —>| SZE DSACKO Dn—ziiﬁ 59
A1-AL > Al-Ad DSACKi EC
=
g AQ f— Voo AD f rg B K 2=
b3 S »| A5 o MAIN anc’“ §gﬁ?‘ COPROCESSOR a S
= — =< 8 " CLOCK T
2 0s »{ DS S &
a8 RW RW = Eiguref‘lz 16-Bit Data Bus Coprocessor Connection b é
& E o
= po4-D31 e | D24-D31 S
D16-D23 (=€ 1 D16-D23 FCO-FC2 > T3
- 3| D8- HIP a0
D&-D15 = > DE-D13 | A20-A31 |— S(E:LECT = o9
" - 7 - o
0o-07 > 0002 A16-A19 |——3f DECODE a’f
DSACKD | - A13-A15 > - £
DSACK] f AS-A1Z f— GND—> SIZE S
8 Al-Ad > A1-A% Q é
2 o f—— > a0 | GE
MAIN PROCESSOR . "COPROCESSOR = _ _ g 78
CLOCK -CLOCK S AS = AS 8 E p
[=3 — - | = = =
i i g 0s DS £s
. : 2 . 2 o I pos 5.5
Figure 11, 32-Bit Data Bus " -ocessor Connection S RW ; > RIW 05
N . : . . : : D
024-D31 s > D24-031 LR
'_
16-Bit Data Bus Qa’g;oceSsor Connection D16-D23 f— >|016-023 E z
Figure 12 [|!,US§1'§‘I’§‘S the coprocessor interface connec- 08-D15 |— > D8-015 = 2
tion of an ME€68882 to an M668020;‘MC68030 via a 16- htt D0-D7 —3=4 D0-D7 c>
- . . _ o E
DSACKD € DSACKD £=
DSACK] f— === = ===~ === —{ DSACKI 8o
. oT
L%-B n?
wsixteen most- Stgnlflcant data’ pins (D16-D31} when the T T ° g
MC68882 is configured to operate over a 16-bit data bus- " MAIN PROCESSOR - COPROCESSOR £8
(i.e., connect DO to D16, D1 to D17, ... and D15 to D31). . CLOCK _ CLOCK a £
The DSACK pins .of the two devices are directly con- o . . £ 5
nected, although it is not necessary to connect the DSACKO Figure 13. 8-Bit Data Bus Coprocessor Connection %
pin since the MCE8882 never asserts it in this configu- _ 25
ration. . . - o @
bus. The MC68882 is configured to operate over an 8-bit g o
8-Bit Data Bus Coprocessor Connection -~ data bus when the SIZE pin is connected to GND.-The - ".E
Figure 13 illustrates the connect of an MC68882 to an - twenty-four least-significant data pins (D0-D23) must be .L;‘g
MC68020/MC68030 as a copracessor aver an 8-bit data ‘connected to the eight most-significant data pins (D24- o<
i ' : : . %ﬁ
ST
Q&
E i i 4y
MOTOROLA - Go to: www.freescale.com MC68882
14 : BR509/Rev. 3
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D31) when the MC68882 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 DSACK pins of the two devices are directly con-
nected, although it is not necessary to connect the DSACK1
pin since the MC68882 never asserts it in this configu-
ration.

MC68882-M C68000/MC68008/MC68010 INTERFACING

The following paragraphs describe how to connect the
MC68882 to an MC68000, MC68008, or MC68010 proces-
sor for opemon as a peripheral via an 8- or 16- b|t data
bus,

"16-Bit Data Bus Peripheral Processor Connection

Figure 14 illustrates the connection of an MC68882 to
an MC68000 or MC68010 as a peripheral processor over
a 16-bit data bus. The MC68882 is configured to operate
over a 16-bit data bus when the SIZE pin is connected to
Vee, and the AQ pin is connected to GND. The sixteen

~ least-significant data pins (D0-D15) must be connected to

Go to: www.freescale.com

PR e

the sixteen most-significant data pins (D16-D31) whenthe
MC68882 is configured to operate over a 16-bit data bus
(i.e., connect DO to D16, D1.to D17, ... and D15 to D31).
The DSACK1 pin of the MC68882 is connected to the
'DTACK pin of the main processor, and the DSACKO pin
is not used,

When connected as a peripheral processor, the MC68882
chip select (CS) decode is system dependent. If the

- MC68000 is used as the main processor, the MC68882 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/MC68030 generates for
coprocessor communications. Thus, the CS decode logic
for such systems may be the same as in an MC68020/
MC68030 system, such that the MC68882 will not'use any
part of the data address spaces. o

8-Bit Data Bus Peripheral Processor Ccmn
Figure 15 illustrates the connectigh 0f an 'M068882 to
an MC68008 as a peripheral procgs:

mﬁ"r over an 8-bit data
bus. The MC68882 is conflgureﬁ erate over an 8-bit
data bus when the SIZE p i i

‘donnected to GND. The
eight least-significant datgpins (D0-D7) must be con-
nected to the twenty- ;,emr st-significant pins (D8-D31)
when the MCGBSBZ;@&“ QVD figured to operate over an 8-

onhigct DO to D8, D16, and D24; D1 to

bit data bus (i.e., ¢

D9, D17, and D25; .'% and D7 to D15, D23, and D31). The

DSACKO pinof the MC68882 is connected to the DTACK
pin of the/MG68008, and the DSACKT pin is not used.
Whegt cop

chip sahé.ct (CS) decode is system dependent, and the CS

gp;ﬂ,st bedecoded in the supervisor or user data spaces.

FCO-FC2 -~
A20-A23 DR A3l }— =]
A16-Al9F— =™ QECODE -
A13-A15 = — (SYSTEM . A
A5-A12 |— — M DEPENDENT,

CHIP
SELECT

MC68000, MCG3010
MC68882

D24-D31
D16-D23 .
D8-D15
Do-07

DSACKO
DSACKT

DTACK |

MAIN PROCESSOR
CLOCK

COPROCESSOR
CLOCK"

Figure 14. 16-Bit Data Bus Peripheral
Processor Connection

MC68882
BR609/Rev. 3

FCO-FC2 f~ = cyp
SELECT
AIG-AIg | =l e o
A13-A15 |- —»1  (SYSTEM
AS-A12 }— — 3uf DEPENDENT)
GND—> SIZE
- Al-A4 > A1-A4
A0 . »{ A
2 [
g - . g
8 AS »{ AS z
= 0s »| 05 =
RAW P RIW
w1 024-D31
> D16-023
: p »{ D8-D15
D0-D7 e 31 00-D7
DTACK = DSACKD
] DSACK1
MAIN PROCESSOR COPROCESSOR

CLOCK CLOCK

Figure 15, 8-Bit Data Bus Peripheral
Processor Connection

MOTOROLA

@cted as a peripheral processor, the MC68882

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not
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ELECTRICAL SPECIFICATIONS

MAXIMUM RATINGS

Rating Symbol - Value Unit This device contains circuitry to protect the

Supply Voltage v ~03t0 +7.0 Vv inputs against damage due to hig_h gtatic volt-
PRy 9 cc ages or electric fields; however, it is advised
Input Voltage Vin -03t0 +7.0 | "V that normal precautions be taken to avoid

application of any voltage higher than max-

-Operating Temperature Ta | 0to70 °C

— - imum-rated voltages to this high-ig
Storage Temperature Tstg ~5510 +150 c circuit. Reliability of operation is: y -
THERMAL CHARACTERISTICS
Characteristic Symbol Value “Rating
Thermal Resistance — Ceramic “C/W
Junction to Ambient 8JA 33
Junction to Case Byc 15

POWER CONSIDERATIONS '
The total therm% Stance of a package (8JA) can be
separated i omponents, 6Jc and 6CA, repre-
senting thg:bafrief to heat flow from the semiconductor
;unctlon,tlb th$ package (case) surface (63¢) and from the
case ghe ‘butside ambient (8CA). These terms are re-

: lated by‘fshe equation: _
0 A=8JC+0CA (4)
JC is device related and cannot be influenced by the
“uder. However, 8¢ is user dependent and can be min-
:@ *imized by such thermal management techniques as heat
" sinks, ambient air cooling, and thermal convention. Thus,
good thermal management on the part of the user can

The average chip-junction temperature, T, in °C can
be obtained from: :
Ty=Ta+(PD*0JA) _ n
where: .
TA = Ambient Temperature, °C
6ya = Package Thermal Resistance,
Junction-to-Ambient, °C/W
PO =PINT+PIO
PINT = lce x Ve, Watts — Chip Internal Power
Piyo = Power Dissipation on Input and Output
Pins — User Determined .ﬁf
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For.most applications Pjyg<P|NT and can be ng é"a;ed significantly. reduce 8CA so that 84 approximately equals ﬁfﬁs
The following is an approximate relatlongrﬂ? tween 8Jc. Substitution of 8¢ for 8 A in equation (1) will result i
Pp and Ty (if Py is neglected): ) in a lower semiconductor junction temperature.
Pp=K=+ {TJ+273°C} % 3 «.:,r,. 12) Values for thermal resistance presented in this docu-
Solving equations (1) and (2) for g %ﬂmﬁ* ment, unless estimated, were derived using the proce-
K=Pp* (TA+273°C}-L-GJ dpp2 (3} dure described in Motorola Reliability Report 7843,

where K is a constant pertalnmg"‘tm particular part. K

can be determined.from e éﬂo[ﬁ{ii} by measuring Pp

(at equilibrium) for a knoﬁ‘h;};\ Using this value of K,
bt

the values of Ppand T, ained by solving equa-
tions (1) and (2) ne;atl tsfor any value of TA.

“Thermal Resistance Measurement Method for MCE8XX
Microcomponent Devices,” and are provided for design
purposes only, Thermal measurements are complex and
dependent on procedure and setup. User derived values
for thermal resistance may differ.

20f an order from the United States International Trade Commission, BG
le.ftom Freescale for import or sale in the United States prior to September*0

Characteristic Symbol Min Max Unit
ViH 2.0 Vee \
VIL GND -0.5 0.8 A
a CLK, RESET, RIW, A0-A4, CS, DS, AS, SIZE|  lin — 10 WA
U,Hi-Z (Off State) Input Current @ 2.4 VI0.4V DSACKO, DSACKT, D0-D31]|  I7g _— 20 pA
Output High Voltage {IgH= - 400 pA) DSACKO, DSACKT, D0-D31| VoH 2.4 — Vv
‘Output Low Voltage (lgL=5.3 mA) DSACKO, DSACKT, D0-D31| VoL — 0.5 %
Output Low Current (V| = GND) SENSE oL — 500 A
Power Dissipation Pp - 0.75 W
Capacitance* (Vin=0, TA=25°C, f=1 MHz} Cin - 20 pF
Output Load Capacitance CL — 130 pF
*Capacitahce is periodically sampleéd rather than 100% tested.
g
35
For More Information On This Product,
MOTOROLA MC68882

16 ' BR509/Rev. 3
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AC ELECTRICAL CHARACTER!STICS CLOCK'INPUT

(Vee=5.0 Vde=5%; GND=0 Vdc; Tao=0 to 70°C; refer to Figure 16)

CLOCK

NOTE:

1. Timing measurements are referenced to and from a low vkjtage of 0.8 volts and a high voltage
of 2.0 volts, unless otherwise noted. The voltage SV%&QQ throﬂgh this range should start outside,

and pass through, 1he range such that the rise oF

[%ill be linear between 0.8 volts and 2.0

16.67 MHz 20 MHz 25 MHz -33.33 MHz
Num Characteristic “Min | Max | Min | Max | Min | Max | Min | Max | Ynit
Frequency of Operatidn B8 |16.67(125 | 20 | 125 | 251167 [3333| MHz
1 Cycle Time : 60| 125 50 80 40 80 30 60 ns
2,3 |Clock Pulse Width {Measured from 1.5V to 1.5 V' S 24 95 20 54 15 59 | 14 | 66 | s
for 33 MHz) ;
4,5  |Rise and Fall Times

— Continued —

16.67 MHz 20 MHz 25 MHz 33.33 MHz
Num Min | Max | Min | Max | Min | Max | Min | Max Unit
15 — |- 10 — 5 - 5 — ns
15 —_ 10 —_— 5 — 5 — ns
Address Valid w’"ﬁﬁ} serted (Write) 50 | — |80 | — |35 | — |26 | = | ns
AS Negated'to Address Invalid 10 — | 10 — 5 — 5 — ns
DS Neg’figéﬂ‘_:_ "Address Invalid 0 | — |10 — — 5 — ns
€S Negated to AS Asserted 0 | — — ol =10 — ns
B8 Negated to DS Asserted (Read) 0 — — — 0 — ns
GB Asserted to DS Asserted (Write) 0| —| 25| —}2|—]15]— ns
E Negated to C5 Negated 10 — 10— 5 — 5 — ns
DS Negated to CS Negated 0. — 410 | —1}1 5| —1| 5| — ns
“|RAW High to AS Asserted (Read) 15 — 10 — 5 — 5 - ns
R/W High to DS Asserted (Read) %) — w0 | =15 | —| 58| — ns
RAW Low to DS Asserted {Write) .35 — 30 — 25. — 25 - ns
11 |AS Negated to RIW Low (Read) or AS Negated to 0 | — |10 | — 5 — 5 — ns
R/W High (Write) _
11A |DS I\EQated to RW Low (Read) or DS Negated to 0 — 1 10| — 5 — 5 — ns
: R/W High {Write}

Because of an order from the United States International Trade Commission, BGA-packaged product lines and part numbers indicated here currently are not

available from Freescale for import or sale in the United States prior to' September 2010: MPC5567 products in 496 MAPBGA packages
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AC ELECTHICAL SPECIFICATIONS — READ AND WRITE CYCLES lContlnued )

25 MHz

o S 16.67 MHz | 20 MHz 3333MHz |
Num _ - Characteristic " - “Min | Max | Min | Max | Min | Max | Min | Max | Unit
12 D_S.Width Asserted (Write) _ 4 | — |38 | — |3 | —]2| —1 ns
13 |DS Width Negated -~ o Ja | — |38 = ]3| —~|23|—1] n
134 |DS Negated to AS Asserted o 0| — 13| — | 25| :

142 '|CS, DS Asserted to Da_ta-Out.-Valicll'{Re'ad}- T — | 80 | — 60 | —
15 |DS Negated to Data-Out Invalid (Read) | 0 | — | 0 | — | o
16 [DS Negated to Data-Out High Impedance (Read) | — | 50 | — | 30 | —
17__|Data-In Valid to DS Asserted (Write) T =]w]| =1]:s
18 DS Negated to Data In lnvalid (Write) . 15 | — [ 10| — | 8
192 |START True to DSACKO and DSACK1 Asserted = | s0 | — | 3 -
19A7 |DSACKO Asserted to DSACKT Asserted (Skew). -15 |

20 |DSACKD or DSACK Asserted to Data-Out Valid
218 [START False to DSACKO and DSACK1 Negated
228 |START False to DSACKO and DSACK1 High Impedance
2338 |START True to Clock High (Synchronous Read)
243 [Clock Low to Data-Out Valid {Synchronous Read)
- 25?-8' : m'mé to Data-’D_ut -Valid lSyhchrn_h_'ous Read)

- Clks -

263 [Clock Low to DSACKO and DSACKT Asserted
{Synch ronous Read}

[START True to DSACKO and DSACKl Asserted B _ - _ S |45+ | — {30+ ns .
~ {Synchronous Head} : 15 | 2515 | 25 15| 25 | 15 | 25 | Clks

2738

ged. product lines and part numbers indicated here currently are not

MPC5567 products in 496 MAPBGA packages
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NOTES :

1. Timing measurements are referenced to

noted. The voltage swing through this g3

linear between 0.8 volts and 2.0 vo

2. These specifications only apply if th

bus cycle when DS was negatt

. Synchronous read cycles acct

. This specnf‘catlon only a
- occur. When the MC6

Immediate. :

. If the SIZE pin is

I the_-SIZE pin i

‘a Iow voltage of 0 8 volts and a high voltage of 2.0 vaolts, unless. otherW|se o
Duld start outsu’le, and pass through the range such that the rise or fall will be

882 has completed all 1nternal uperatlons |n|t|ated by the termination of the prewous '
! hen the save or. response CIH Iocatlons are read

ysiems in which back-to-back accesses (read-write or write-write} Df the operand ClR can
used as a coprocessor 1o the MCBBUZO;‘MCSBDSU this can occur when the addressmg mode is

N

ped to either VCC or GND it must have the same setup times as do addresses

t strapped to either Vo or GND, it must have the same hold times as do addresses

:d to 5 nanoseconds.if DSACKO and DSACK1 have equal loads. .

sxternal signal; rather, it is the Ioglcal GOndltIOn that mdlcates the stan of an access The loglcal equatlon for
START CS+AS+ RIW-DS '

W~ ;m
wm -
-' = .
w
3
=
3
(=

ecifications replace_ the old spec:f_;catlonsiand__gg [the old spectf‘cauons |mp||ecl that in _all cases transitions in CS_ £
ot occur simultangously with transitions of AS or DS. This is not a.requirement of the MC68882). :

port or sale in the United States prior to September

ELECTRICAL SPECIFICATION DEFINITIONS - * Lo C
: e e ST R are: spec:Fed with minimum and/or maximum limits, as

~ lays, input setup and hold times, and signal skew times.

All signals are specified relative to an appropriate edge

of the clock input and posmbly, relatwe to one or more
other signals.

The measurement. of the AC specnflcatlons is defmed'

by the waveforms shown in Figure 20. In order to test
‘the parameters guaranteed by Motorola, inputs must be -

driven to the voltage levels specified in Figure 20. Outputs

The AC spemﬁl::atlons p'res'e"nt'ed consist of output de-
~-specified with minimum and, as appropriate, maximum

appropriate, and are measured as shown. Inputs are

setup and hold times, and are measured ‘as shown. Fi-

nally, the measurement for srg nal-to-signal spec:ﬁcatlons :

" are also shown.
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Note that the testlng levels used. to venfy confn rmance
to the AC spemflcatmns does not affect the guaranteed
~ DCoperation of the dewce as spemfled in the DC electncal'
. charactensncs. ol
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DRIVE
- - T0 24V lr _
CLK 20V SE,O v
/; 0sv Y 08V
DRIVE __T A —>]
1005V ol gle
' © VAUD 20V 20V yALID
QUTPUTS(T) CLK OUTPUT n 08 v,?@g 08V OUTPUT n+1
- B
. ) -
~ OUTPUTS[2) CIK : . VALID 20V
OUTPUTn 08V 08V OUTPUTn+ 1
C—)—-(——-D—»l @
DRIVE 5.
INPUTS(3) CLK -~~~ TO 24V - 20V vaLp 20V

DRIVE ——a B..ﬂ V- INPUT ﬂ&v

Toosv.
e [ —>
_ - DRIVE
20V VALID 20V "5@ 024V
08V INPUT 08Y
. <«— DRIVE
T0 05V

INPUT{4) CLK

ALL SIGNALS(5}

20V
08 V.

| |ng is applicable to all parameters specified relative to the falling edge of the clock
Thls_g!put f?ﬁﬁmg is apphcabie to-all ‘parameters spemﬁed relatlve to the rlsmg edge of the clock.

Maximum output delay specrhcatmn

. Minimum output hold time.

. Minimum input setup time specification.

. Minimum input hold time specification.

. Signal valid to signal valid specification (maximum or mmlmum]

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

Figure 20. Drive Levels and Test Points for AC Specifications
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PIN ASSIGNMENTS AND MECHANICAL DATA

PIN ASSIGNMENTS

PIN GRID ARRAY
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MECHANICAL DATA T o R R
RCSUFFIX - ©

* PIN GRID ARRAY
CASE 765A

SR

| —foq

(00000064
PEEEEEEO®
e 000
e ©0
06 006
©®e ©®
e® = @0
O @ 000
PEEPEEEOOO® |
©00EEEEE66|

! 2.3°4°5 6.7 B 8 10

_.‘"J;’*-‘:

PmO0MTMO T R

T
[#+]

MILLIMETERS | - INCHES . S NoEs:
DIV {CMIN | MAX [ MIN | max

SANDTIS

%67 [ 2207 | 1050 | 1om R LEADS (68 PLACES)

%67 | 2007 | om0 | 100 |

191 268 | 005 | 0105,

043 | 055 | 0017 | ooz |-

- 254BSC | -0a00BSC -

432 | 482 | om0 | 00

%
order from the United States Internationai;'l’_fade-Cdmrhission, BGA—packaQéd product lines and par_t”numbers ihdicatéd.here.cqr_rently_ are not
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o FN SUFFIX
PLASTIC LEADED CHIP-CARRIER
CASE 779-02

s

_[“’
!

—8 [$[01800n ® [T[NG+O[LEOMO)

—U [$[018000n ® [T[NG-, B[ LOM )

4

—ad X

® [1[NGrO[LOMO)

VIEW D-D

-A [$#]o1800001 ® [T[LOMB[NG- Q)]

R [+]0160000 ® [T/ LOMB| NEP O]

1800071 ® [T[LOMOING-PO|

3 ]
0

L_ =010 (0.002)
\— J -T- | SEATING PLANE
. DETAIL S .
———G1— o

[H{o50001® [T[LOMBO[NGPO]

K1

MILLIMETERS |

DIM | MIN | MAX TN MAX .
A_| 2502 | 252%.0 0885 | 0995
B | 2502 27, 170,985 | 0.995
c 4 0.165 | 0.180
E 2, 0090 | 0.110
F 048 | 0013 | 0.019

G .27 BSC 0.050 BSC
s H 66 | 081 | 002 | 0.032
1 o5t | — oo | —

T o564 - 0.025 -
2413 | 2428 | 0950 | 0956

U | 2413 | 2428 | 0950 | 0.956
v 107 | 121 | 0042 | 0048
[ 167 | 121 | 0042 | 0.048
X 107 | 142 | 0042 | 0058
Y — 050 | — | 0o
2 > 10° » 10°
G1 | 2312 | 2362 | 0910 | 0930
kt | 102-] — | o040 | —
2 2w e 1w

(01800000 ® [T/ NEOPB[LO-MO

.

DETAIL S

401500071 ® [T LEOMOINE-PD
(01800071 ® [T[NOPO|LE-MO)

NOTES:

1.

™

(]

F

w

o

DUE TO SPACE LIMITATION, CASE 779-02 SHALL
BE REPRESENTED BY A GENERAL |SMALLER|
CASE QUTLINE DRAWING RATHER THAN
SHOWING ALL 68 LEADS. '

. DATUMS -L-, -M-, -N-, AND -P- DETERMINED

WHERE TOP OF LEAD SHOULDER EXIT PLASTIC
BODY AT MOLD PARTING LINE. .

. DIM G1, TRUE POSITION TO BE MEASURED AT

DATUM -T-, SEATING PLANE.

. DIMR AND U DO NOT INCLUDE MOLD

PROTRUSION. ALLOWABLE MOLD PROTRUSION
1S 0.25 {0.010) PER SIDE.

. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
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Because of an order from the United States International Trade Commission, BGA-packaged product lines and pért numbers indicated here currently are not
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Package Designation

Operating Frequency

Device
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MC68000 g

MC68HC000

MC68008

MC68010 ¢

MC68020

‘ MC68030

MC68230 J

MC68440

MCe8442

MCB8450

MC68605

MC68606

MC68652

MC68661

MC2681

MC68681 g

MC68824

MC68851

MC68881

MC68882

MC68901
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Package Designation
Device

6t assume any liability arising out of the application or use of any product or circuit described herein; neither does it convey any license
under its patent rights nor the rights of others. Motorola products are not authorized for use as components in life support devices or systems
infended for surgical implant into the body or intended to support or sustain life. Buyer agrees to notify Motorola of any such intended end use
whereupon Motorola shall determine availability and suitability of its product or products for the use intended. Motorola and @ are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative Action Employer.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912 Phoenix, Arizona 85036.
EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands Milton Keynes, MK145BP, England.

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; P.O. Box 80300; Cheung Sha Wan Past Office; Kowloon Hang Kong.
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