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Introduction

The LR3010 and LR3010A Floating-Point
Accelerators (FPAs) from LSI Logic Corporation
implement the floating-point coprocessor
architecture of MIPS Microsystems in high-
performance CMOS. Both FPAs are in full
conformance with the MIPS specifications for
floating-point units.

Current MIPS architecture has evolved from
earlier RISC hardware and software develop-
ment efforts at Stanford University. Developing
the hardware and software together allowed
system architects to make performance trade-
offs across the hardware/software boundary.
Fioating-point accelerator functions were
implemented in hardware only if they measur-
ably enhanced system performance without
complicating the hardware design.

The LR3010 and LR3010A FPAs were designed to
perform arithmetic operations on fioating-point
values. As an alternate execution unit for use
with the LR3000 CPU series, the LR3010 monitors
the same instruction stream as the CPU but only
executes instructions that require its special
architecture and register set. The LR3010 iden-
tifies FPA instructions by opcode, executes
them and returns the results to memory or a
CPU register.

As alternate execution units, the LR3010 series
FPAs and LR3000 series CPUs are closely
coupled in that they share the same data/

LR3010A Die

instruction lines, have a similar pipelined archi-
tecture, execute optimized compiler code in
parallel and share an instruction setthat allows
register-to-register transfers of data between
units. Synchronization signals shared by the
processor and coprocessors, such as CpSync
and Clk2xPhi, make precise coordination
between the alternate execution units possible.

Since the LR3010A is simply a faster version of
the original LR3010, the term LR3010 will be used
for both units in this datasheet.

Features

Implements the /EEE Standard for Binary
Floating-Point Arithmetic, ANSI/IEEE Standard
754-1985

Implements IEEE exception handling routines in
hardware

Provides double-precision floating-point opera-
tion

Operates from 16.67 to 33.33 MHz

Provides 64-bit wide internal data path for all
floating-point operations

Replaces NEC, Siemens, IDT and Performance
floating-point units

Package options include a ceramic, cavity-
down, pin grid array (CPGA), a ceramic, cavity-
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down, leaded chip carrier (CLDCC) and a plastic
quad flat pack (PQFP)

Provides precise, efficient handling of pipeline
stalls and exceptions

Implements closely coupled, seamliess main
processor/coprocessor interface

Supports integrated software including the
RISC/os operating system (SVID-compliant ver-
sion of UNIX) and high-performance optimizing
compilers for C, Pascal, FORTRAN, Ada, COBOL
and PL/1

Supports complete development system in
native hardware, software and applications
development environment

April 1931 Order Number LR3010A
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Block Diagram

Figure 1 shows a functional block diagram of the
LR3010. Within the chip, separate paths exist for
exponents and fractions. The fractions have
separate operand paths, each 53 bits wide.
Results of an operation are returned from a pro-
cessing unit to the register unit where they are
stored until the FPA drives them onto the data
bus.

Separate modules exist for processing expo-
nents and for addition, multiplication and divi-
sion. The separate execution units allow
simultaneous processing of severalinstructions

atonce, provided that the same resource, such
as a mathematical processing unit (add, multi-
ply, divide), is not required by more than one
instruction at a time.

The left side of Figure 1 shows the signals that
are shared by the FPA and CPU. One group of
signals indicates when the main processor or a
coprocessor is running, busy or in an exception
processing mode. The second group consists of
clock and timing signals that keep the process-
ing cycles in bath units synchronized. Signals
and timing are discussed later in this datasheet.

< Instruction/Data Bus >
A
21
Y \
Instructions Operands
Run — Register Unit 32 x 32
Fraction Exponent
(11) (11) 1 (11) (53) (53) 1 (53)
FpBusy -=— Y Y Y Y
Result Result
Exception Exponent Unit Add Unit
Round
Control Unit )
and (83) (53) 56)
Fpint  ~€— Clocks Y /
Result
Divide Unit
Clocks —
\
(53) {53) (56)
y 4
Result
Multiply Unit

Figure 1. FPA Functional Block Diagram

MD90 411

FPA Registers

The LR3010 FPA has 32 general-purpose regis-
ters designated FGR and two control registers
designated FCRO and FCR31.

General-Purpose Registers — Figure 2 shows
the general-purpose and control registers in the
FPA. The main processor sees the general pur-
pose registers simply as 32 word-wide regis-
ters. The FPA sees them as building blocks for
64-bit, double-word registers suitable for dou-
ble-precision representation.

As Figure 2 shows, all 64-bit floating-point regis-
ters (FPRs) consist of two floating-point general

registers (FGR) and have even numbers; odd
numbered registers are invalid, but are not
checked by the hardware. General registers
{FGRs) are numbered consecutively from 0to 31.

The 64-bit wide FPA registers hold scalar float-
ing-point values and permit overlapping and
scheduling of floating-point operations. Each
register holds one value of a single- or double-
precision floating-point format. Two adjacent
registers are used for double-precision opera-
tions. Single-precision floating-point operations
(but not loads, stores and moves} leave the odd
half of the result register undefined.
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FPA Registers Floating-Point Floating-Point
(Continued) Registers (FPR) Register Unit General Registers
63 31 0 (FGR)
FPRO FGR1 /'\\ FGRO FGRO
\, FGR1 FGR1
FPR 2 FGR3 /\\ FGR2 FGR 2
\, FGR3 FGR3
FPR4 FGR5 5] N FGR4 FGR 4
\/ FGRS FGRS
FPR6 FGR7 FGR6 FGR 6
FGR? FGR7
N N N
N\ A\ A\
FPR 28 FGR29 ) N FGR28 FGR 28
\/ FGR29 FGR 29
FPR 30 FGR31 FGR30 FGR 30
FGR31 FGR 31
Revision Register
3 0
Control/Status Register
31 0
MD0.412

Figure 2. Floating-Point Registers

Control Registers — One coprocessor control

register is dedicated to configuration and revi-
sion information. A second register is dedicated

to status, diagnostics, exception handling, sta

31

saving and restoring, and control of rounding

te

16 15

modes. Control Register 0 (FCRO) is the revision
register. It is shown in Figure 3.

Not Used

Implementation

Revision

Figure 3. Revision Register (FCR0)
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FPA Registers
(Continued)

The revision number is in the form x.y where xis
held in bits [7:4] and yis held in bits [3:0].

The implementation field in the revision register
is primarily for the internal use of each vendor.
Software should not rely on these register fields
for component identification.

Control Register 31 (FCR31) contains status and
control information. It is accessed by instruc-
tions running in either kernel or user mode. It
controls arithmetic rounding and the enabling of
user level traps. It indicates exactly which

31 24 23 22 18:17

exceptions occurred, if any, in the most recently
executed instruction and which exception types
have occurred since the FCR31 was last read.

Reading this register causes the FPA to com-
plete all previous, uncompleted instructions in
its pipeline. If an exception is taken as the pipe-
line is being emptied, the instruction that
caused the exception is re-executed after the
exception is serviced.

Figure 4 shows the register with internal fields.

121 7.6 201 0

0 c 0 E

Y

z

ojufrivizjolu|tiv]|z|o|u]1:

Figure 4. Status/Control Register (FCR31)

Each single letter mnemonic that identifies an
exception in Figure 4 is defined in Table 1.

Table 1. Exception Mnemonics

Exception
Bit Description

Unimplemented operation

Invalid operation

Inexact exception

Divide-by-zero

Overflow exception

Underflow exception

CON—<m

Control register FCR31 controls exception pro-
cessing in the FPA. Three fields in the register
control or track exception processing, and a
fourth, rounding mode field, controls rounding
and determines the default value that the FPA
supplies when exceptions are not trapped.
Exceptions include invalid operation, inexact
exception, divide-by-zero, overflow and unim-
plemented operation exception, which is used
when the hardware cannot execute the instruc-
tion or when underflow occurs.

The following paragraphs define each field in
the FCR31control register.

Rounding Mode (RM) — The rounding modes
include round to the nearest representable
value, round toward zero, round toward +°< and
round toward -0, The setting of the rounding
mode bits modifies the exception processing
defaults as shown in Table 5.

Exceptions

Trap E Sticky Bits

MD90.414

Sticky Bits — The LR3010 FPA sets the sticky bit
for an exception regardless of whether traps
are enabled. Unlike the exception field bits,
sticky bits are not cleared as a result of execut-
ing floating-point instructions. They are only
cleared by writing a new value into the FCR31
register.

Trap Enabled (Trap E) — When an exception
occurs, the corresponding exception and sticky
bits are both set. If the corresponding trap
enable bit is set and the CPU is not already
engaged in exception processing, it takes the
trap and processes the exception.

Exceptions — The exception field is loaded (set
or cleared) to reflect the exception status after
each floating-point operation {(excluding loads,
stores and unformatted moves). The FPA flags

an exception when an instruction is in the ALU
stage of the FPA pipeline.

Condition Bit (C) — As shown in Figure 4, a float-
ing-point compare instruction places the condi-
tion that it detected after a comparison into bit

“C" of the FCR31 control register. The bit is set if
the conditionis true, and cleared if the condition
is false. The bit is set or reset only after a com-

parison is made or a move control to coproces-
sor (CTC1} instruction is executed.
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Pipeline

The closely coupled interface between the CPU
and FPA is possible in partbecause both proces-
sors have pipelined architecture. The FPA

executes instructions through a 6-level pipeline.
The CPU uses the write back or fifth ievel in the
FPA pipeline to reportits progress during excep-

IF RD ALU MEM
IF RD ALU
IF RD
= Instruction IF
Flow

Current

tion processing and tomaintain synchronization.
Figure 5 illustrates the FPA pipestages. The
shaded area shows the six processing stages
that are executed simultaneously when the FPA
is running.

WB FWB

MEM wB FWB

ALU MEM wB FWB

RD ALU MEM WB FWB

Coprocessor

Figure 5. FPA Pipeline

The FPA pipeline levels and mnemonics shown
in Figure 5 are defined in the following para-
graphs.

Instruction Fetch (IF)— The LR3000 main proces-
sor generates all instruction addresses. The
FPA simply decodes instructions in the instruc-
tion/data stream looking for those that require
floating-point execution. FPA instructions are
identified by their opcode, which occupies the
first 6-bit field in the instruction format.

Read Registers (RD) — FPA instructions that are
latched during the IF cycle are not actually
decoded until the end of phase 1 of the RD
cycle. During phase 2 of the RD cycle, the FPA
fetches operands that the instruction requires
from internal registers.

Arithmetic Logic Unit(ALU)— The instruction is
executed during this pipestage. If the FPA
detects an exception, it asserts FpInt during this
cycle. If the instruction will require additional
time to complete, the FPA initiates a stall by
asserting FpBusy.

Stalls that are initiated by an exception in the
ALU pipestage cause all instructions in the
pipeline to stall. The instruction just entering the

MD90.415

pipeline is discarded. After the exception is cor-
rected, the discarded instruction will be reintro-
duced as the first instruction after the fixup
cycle. To avoid frequent CPU stalls during
lengthy ALU processing, the FPA overlaps
instructions as long as there are no resource
conflicts, data dependencies or exception con-
ditions.

Memory Access (MEM) — Memory or the data
cache is accessed during this cycle, if neces-
sary. If the instruction is an FPA load or store,
the FPA presents data to or captures data from
the data bus during this pipestage. If, during the
previous ALU cycle, the CPU trapped an inter-
rupt for the instruction that is now in the FPA
MEM cycle, then the CPU uses phase 2 of this
cycle to notify the FPA that a trap was taken.
The CPU asserts its Exception line during
phase 2 of the MEM cycle to notify the FPA.

Wirite Back (WB) — The CPU informs the FPA of
progress that itis making in exception process-
ing during this pipestage. The FPA uses this
stage only for that purpose.

Floating-Point Write Back (FWB) — The FPA

writes processing results back to its registers
during this pipestage.

2003
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Instruction Set

FPA instructions are extensions of the basic
MIPS CPU instruction set, so every FPA instruc-
tion consists of a single word (32 bits) aligned on
a word boundary. Every instruction can be com-
piled to run efficiently with all other instructions
inthe CPU and FPA instruction set. Internally, the
FPA is a more efficient engine for doing floating-
point computations thanthe CPU, becauseithas
separate execution units for mathematical oper-
ations, and it has extended floating-point
registers that hold the operands for and results
of double-precision floating-point computa-
tions. It also has hardware that converts
between floating-point and fixed-point formats
and compares values in floating-point represen-
tation. The optimizing compiler directs
instructions thatrequire any of these operations
to the FPA.

Instruction Format and Function — There are
only four FPA instruction formats. Each formatis

1-Type (Immediate)

related to a particular instruction type with a
specific function. The I-type (immediate) format
is used for all loads and stores and is identical
to the CPU load and store instruction except for
the FPA opcode identifier. B-type (branch
instruction) formats are variants of I-types in
that an offset for a jump or branch address is
contained in the instruction. A branch instruc-
tion is typically issued after an FPA comparison
has set the condition bit in FPA control register
FCR31. M-type instructions move data between
CPU and FPA registers. R-type instructions
specify both a source and destination register
within the FPA where operands and results of a
floating-point computation are stored. Instruc-
tions that require the R-type format include all
arithmetical computations, conversions and
comparisons. FPA instruction formats are illus-
trated in Figure 6.

31 26 25 21 20 16 15 0
opcode base ft immediate

B-Type (Branch)

31 26 25 16 15 0
opcode cond immediate

M-Type (Move})

31 26 25 21 20 16 15 1110 0
opcode function rt fs 0

R-Type (Register)

31 26 25 24 21 20 16 15 11 10 6 5 0
opcode a format ft fs fd function

Instruction Format Legend

opcode 6-bit operation code and coprocessor specifier

base 5-bit CPU base register specifier

cond 10-bit branch condition specifier

rt 5-bit CPU source/destination general register specifier
ft 5-bit FPA source/destination register specifier

fs 5-bit FPA source register specifier

fd 5-bit FPA destination register specifier

immediate 16-bit address/branch displacement

function 6-bit function code (MTC1, ADD, CVT.W)

format 4-bit format specifier

0 undefined if non zero

a 1-bit arithmetic operation identifier MDR416

Figure 6. FPA Instruction Set Formats
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(Continued)

FPA Instruction Fields — The opcode and func-
tioninstruction fields have constant 6- and 5-bit
values. The opcode identifies the FPA as the
selected execution unit for the next operation.
The function field specifies the floating-point
operation to perform. Several fields (rt, ft, fd, fs)
in the instruction set specify registers that oper-
ands are to be taken from or that results are to
be stored to. The immediate field contains a
16-bit address offset that is combined with the
contents of a CPU register (identified as basein
Figure 6) to complete the address for a load,
store or branch instruction. The formatfield
specifies a floating-point format for operands or
results.

Load and Store Instructions —The operation and
timing of FPA loads and stores are identical to
those of the main processor. During FPA load
and store operations, the CPU calculates mem-
ory addresses and controls the cache and
memory interfaces. The FPA simply takes data
from the bus during load operations and drives
the bus during store operations. Data loaded
into the FPA from caches or memory are not
available to the instruction that immediately fol-
lows the load instruction, so there is a one
instruction latency delay after a load operation.

The CPU reads the Data and Tag buses to check
parity during a load operation. The FPA gener-
ates data parity during FPA store operations.

Branch Instructions — The BC1T instruction
(branch if coprocessor 1is true) takes a branch
when a condition is true. The BC1F instruction
(branchif coprocessor 1is false) takes a branch
when a condition is false. Branch instructions
are actually executed by the CPU after the FPA
asserts FpCond to indicate that the results of a
comparison or branch condition are available in
its control register (FCR31).

FPA Move Instruction — Four move instructions
with the M-type format move data between the
FPA and CPU. Two instructions move the con-
tents of general registers from the CPU to the
FPA or from the FPA to the CPU. The other two
instructions move contents from the CPU gen-
eral registers to the FPA control registers or
from FPA control registers to CPU general
registers.

Floating-Point Computations — The FPA per-
forms arithmetic operations on values in float-
ing-point representation. It also converts

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght

between fixed- and floating-pointformats, and it
compares the contents of two registers.

Four types of instruction are related to floating-
point computation:

Arithmetical operations include addition, sub-
traction, multiplication and division in single- or
double-precision formats. These instructions
are sometimes referred to as three operand
register types.

Floating-point operations include absolute
value, move and negate operations. These
instructions do not perform computations, but
they do convert a numerical value to its abso-
lute or negative value and move the results from
a source to a destination register. These opera-
tions are sometimes referred to as two operand
register types.

Conversion operations convert operands or
results in floating-point values to single or dou-
ble floating-pointvalues or to fixed-pointvalues.
Compare operations compare the values of two
registers and post the result in the condition bit
of the FCR31 control register. Table 2 shows the
comparisons performed.

Table 2. FPA Predicate Conditions

Mnemonic Definition

F False

T True

UN Unordered

OR Ordered

EQ Equal

NEQ Not Equal

UEQ Unordered or Equal

OLG Ordered or Less Than or Greater
Than

oLT Ordered Less Than

0GE Ordered Greater Than

OLE Ordered Less Than or Equal

UGT Unordered or Greater Than

ULE Unordered or Less Than or Equal

0GT Ordered Greater Than

SF Signaling False

ST Signaling True

NGLE Not Greater Than or Less Than or
Equal

GLE Greater Than or Less Than or Equal

SEQ Signaling Equal

SNE Signaling Not Equal

NGL Not Greater Than or Less Than

GL Greater Than or Less Than

LT Less Than

NLT Not Less Than

NGE Not Greater Than or Equal

GE Greater Than or Equal

LE Less Than or Equal

NLE Not Less Than or Equal

NGT Not Greater Than

GT Greater Than
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Table 2 extends the list of 26 predicates named
in the IEEE Standard to include six predicates
that test a comparison in the FPA arithmetical
unit. Four mutually exclusive relations are pos-
sible: less than, greater than, equal and
unordered. Invalid operations occur only when
the comparisons include the less than and
greater than characters, but not the unordered
character in the ad hoc form of the predicate.

Instruction Summary — Table 3 lists all the
instructions currently implemented in the
LR3010 and LR3010A coprocessors. Any instruc-
tions that require computations not imple-
mented in hardware cause the FPA to flag an
unimplemented operation exception. The CPU
then calls a routine from the floating-point emu-
lation library to complete the instruction.

Instruction Overlap — When the FPA is running
and not stalled, simultaneous execution is
occurring on six separate instructions in its
pipeline during each clock cycle. The pipeline
allows concurrent operations as long as
instructions do not require the same modular
resource, such as the add, multiply or divide
units. The consistent exceptions to concurrent
operations are multiply and divide instructions,
but even they allow some overlap. Figure 7
shows the execution cycles required for each

FPA instruction. Notice that even in long
instructions, there are only a few cycles when
only one instruction is processed in the FPA.

Table 3. Instruction Summary

Instruction Description
Load/Store/Move Instructions

LWC1 Load Word to FPA

SWC1 Store Word from FPA

MTC1 Move Word to FPA

MFC1 Move Word from FPA

CTC1 Move Control Word to FPA
CFCt Move Control Word from FPA

Computational Instructions

ADD.fmt Floating-point Add

SUB.fmt Floating-point Subtract

MUL.fmt Floating-point Multiply

DIV.fmt Floating-point Divide

ABS.fmt Floating-point Absolute Value

MOV.fmt Floating-point Move between Registers
NEG.fmt Floating-point Negate

Conversion Instructions

CVT.S.fmt  Floating-point Convert to Single-precision
Floating-point

CVT.D.fmt  Floating-point Convert to Double-precision
Floating-point

CVT.W.fmt Floating-point Convert to Fixed-point

Compare Instructions
C.cond.fmt Floating-point Compare

Branch Instructions
BC1T Branch on Coprocessor 1 True

BCI1F Branch on Coprocessor 1 False
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{Continued) - : : : : :

ADD.fmt ! ' ' : ' :

SUB fmt i i : i E ;

MuLS s a a | : :

MULD : :

DIV.S g - :

DIV.D 15 N |

ABS.fmt ' ' :

MOV .fmt - Other FPA instructions cannot be overlapped during these cycles.

NEG.fmt
Other FPA instructions can process during these cycles, but two multiply

CVTS.D or two divide operations cannot be overlapped.

CVT.S.W @ Software must schedule operations to avoid reading the FP register that is
the target of an FP Load or Move to FPA instruction less than two cycles

CVTD.S later. Software must also ensure that FPA branch instructions occur two
or mare cycles after an FPA compare instruction. The compilers and as-

CVTIW semblers generate appropriate code.

C.cond.fmt lj Load, Store, and Move instructions can be executed regardiess of other
instructions in progress.

BC1T/BC1F

LWC1 < The results are not available in the CPU destination register until after this

k\ cycle.

SwCi

MTC1

MFC1

cTC1

CFC1

MD90 417

Figure 7. Concurrent Instruction Processing
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Exceptions

Five of the six of exceptions identified by the FPA
are |EEE standard exceptions. The sixth, an
unimplemented operation, is an IEEE optional
exception. An unimplemented operation occurs
when there is no hardware support for an
instruction, and it must be processed in emula-
tion using routines from the software floating-
point library.

More exceptions are resolved in software by an
unimplemented instruction exception when the
exception traps are disabled than when they
are enabled. This is shown in Table 4 by the rel-
ative number of “E” entries in columns 3 and 4.
In the table, the letter “E” represents an unim-
plemented instruction exception.

Notice in Table 4 that some exception types can
be signaled for the same cause and some types
encompass several sources or causes. In all
there are eight conditions that the IEEE includes
within the five exception types.

Exception Processing — When an exception
occurs, bits are set in both the exception and
sticky bit fields of the FCR31 control register.
{See the description of control register FCR31
above.) If the bit corresponding to the exception
typeis setinthetrap enable field, a trap is taken.
If the bit is not set in this field, the FPA begins
default processing. The unimplemented opera-
tion exception (E), however, cannot be disabled;
atrap is always taken.

When a floating-point exception trap is taken,
the CE bit in the CPU Cause Register indicates
that an external interrupt from the FPA is the
cause of the trap. Precise exception handling is
implemented, so the EPC register in the CPU
contains the address of the instruction that
caused the exception, and the operation and
operands can be retrieved from memory after
the fixup cycle.

For each |EEE standard exception, a sticky bitis
set when the exception occurs, even if no cor-

Table 4. Exception Causing Conditions

responding exception trap is signaled. Unlike
exception bits that are reset with each new
instruction, the sticky bit can be reset only by
writing a new value into the register. The sticky
bits thus provide a record of the exceptions that
have occurred, but do not indicate which
instruction caused them. Sticky bits are saved
or restored individually or as groups.

In the following paragraphs, each FPA-gener-
ated exception is discussed in detail.

Invalid Operation Exception — If one or both
operands of an instruction are invalid, an invalid
operation exception occurs. When the excep-
tion has a floating-point format and occurs with-
out a trap, the resultis a quiet NaN. If the
destination has a fixed-pointformat, the resultis
indeterminate. The following are invalid
operations:

Addition or subtraction: magnitude subtraction
of infinities, such as (+o°) + (-o°) or

(=09) - (-0}

Multiplication: 0 x o with any sign

Division: 0/0 or ©o/oo with any sign

Conversion of a floating-point number to a fixed-
point format when an overflow, or operand
value of infinity or NaN, precludes an accurate
representation in that format

Comparison of predicates involving “<” or *>"
without “?” when the operands are “unor-
dered”

Any operation on a signaling NaN

Software may simulate the invalid operation
exception for other operations that are invalid
for the given source operands, such as |EEE
specified functions implemented in software.
Examples include: 1) remainder, xREM y, where
yis zero or xis infinite, or 2) conversion of a
floating-point number to a decimal format
whose value causes an overflow or is infinity or
NaN, or 3) transcendental functions, such as
In(-5).

FPA IEEE Trap Trap

Condition Std Enable Disable Description
Inexact resuit | | | Loss of accuracy
Exponent overflow 0l ol 0l Normalized exponent > Emax
Divide-by-zero z YA z Exponent = Emin - 1, mantissa = 0
Overflow on convert \ \ E Source out of integer range
Signaling NaN source \ \ E A quiet NaN source generates a quiet NaN result
Invalid operation v Vv E For example, 0/0
Exponent underflow u E E Normalized exponent < Emin
Denormalized source — E E Exponent = Emin -1, mantissa <> 0
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Divide-by-Zero Exception — This exception
occurs during a divide instruction if the divisor
is zero and the dividend is a finite nonzero num-
ber. When no trap occurs, the resultis a cor-
rectly signed inﬁnity(OO). If divide-by-zero traps
are enabled, the result register is not modified,
and the source registers are preserved.

Software may simulate this exception for other
operations that produce a signed infinity, such
as In{0), csc(0) and 0.

Overflow Exception — The overflow exception
is signaled when what would have been the
magnitude of the rounded floating-point result,
were the exponent range unbounded, is larger
than the destination format's largest finite num-
ber. The result, when no trap occurs, is deter-
mined by the rounding mode and the sign of the
intermediate result.

If overflow traps are enabled, the result register
is not modified, and the source registers are
preserved.

Underflow Exception — The FPA never gener-
ates an underflow exception and never sets the
U bitin either the exception or sticky bit fields of
the control/status register. If the FPA detects a
condition that could be either an underflow or
loss of accuracy, it generates an unimple-
mented operation exception. Size on underflow
is detected after rounding. Loss of accuracy is
detected as an inexact result.

Inexact Exception — The FPA signals an inexact
exception when the rounded result of an opera-

Table 5. Default for Exceptions

tion is not exact or overflows without an over-
flow trap. If no othertrap occurs, the rounded or
overflowed resultis delivered to the destination
register. If inexact exception traps are enabied,
the result register is not modified, and the
source registers are preserved.

Unimplemented Operating Exception - If an
operation is specified that the hardware cannot
perform, an unimplemented operation excep-
tion occurs. This operation always causes a
trap. Since the trap cannot be disabled, the
instruction must be emulated in software. Nor-
mal instruction execution is then resumed.

This exception also occurs when the FPA
attempts to execute an instruction with an oper-
ation code or format code that has been
reserved for future architectural definitions.

This exception may also be signaled when
unusual operands or results are detected, and
no hardware is provided to handle the condi-
tion. Instances of this include, but are not lim-
ited to, denormalized operands or results, NaN
operands and trapped overflow or underflow
conditions. The use of this exception for such
conditions is optional.

Defaults - When the FPA detects an exception
but cannot obtain an exception processing stall
from the CPU, the FPA supplies a default value
and continues processing. Table 5 summarizes
the default actions taken for each exception.
Note that the default value supplied depends on
the setting of the rounding mode bits.

Underflow (U} —
Inexact (1) —

Rounding
Exception Mode Default Action
Invalid (V) — Supply a quiet NaN.
Divide-by-Zero (Z) — Supply a properly signed .
RN Round overflow values to o with the sign of the intermediate result.
Rz Round overflow values to the largest finite number in the format with the sign
of the intermediate result.
Overflow (0) RP Round negative overflow to the |argest negative finite number in the

format. Round positive overflows to +oo.

RM Round positive overflow to the largest finite number in the format. Round
positive overflows to —o.

Produce an unimplemented exception.

Supply a rounded result.
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Signal Descriptions

The FPA does not communicate with any chip

other than the CPU, so it has minimal interface
signals. Timing between the FPA and the CPU is

Reset—p—»D Q
-

synchronized by shared clock signals. The inter-
face signals and timing signals for the FPA are

shown in Figure 8.

Figure 8. FPA Signals

LR3000/LR3000A LR3010/LR3010A
CpBusy |- FpBusy
Run »{ Run
Exception »{ Exception
Tnt{n] | Fpint
CpCond = FpCond
Data(31:0] |4 \| Data[31:0]
DataP[3:0] N— Data Bus ,) DataP[3:0}
CpSync »! FpSync
» FpSysin
2x Clk
SysOut FpSysOut
y
Delay Line
Clk2xPhi |- l »1 Clk2xPhi
Clk2xRd | »| Clk2xRd
Clk2xSmp [ »| Clk2xSmp
Reset
Clk2xSys = » Clk2xSys
Int4 | »| PLLOn
f Configuration
»| Reset
47K
FpPresent
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Signal Descriptions
{Continued)

AllFPA signals are listed in alphabetical orderin
the following paragraphs. A line over a signal
name, such as Run, indicates the signal is active
LOW.

Clk2xPhi

2x Phase Clock — Clk2xPhi is a double fre-
quency clock that determines the relative posi-
tion of internal phases 1 and 2. Other double fre-
quency clocks are set relative to Clk2xPhi.

Clk2xRd

2x Read Clock — Clk2xRd is a double frequency
clock that determines the disable point for the
data drivers.

Clk2xSys

2x System Clock — Clk2xSys is a double fre-
quency clock input used to generate FpSysOut
in the FPA. See the FpSysOut signal description
in this subsection for details on clock delays.

Clk2xSmp

2x Sample Clock — Clk2xSmp is a double fre-
quency clock that determines the sample point
for data coming into the FPA.

Data[31:0]

Data Bus — There are no address bus connec-
tions on the FPA coprocessor interface. The
main processor generates all addresses to
access instruction and data caches as well as
memory. The FPA simply monitors the data bus
to identify and then execute floating-point
instructions. Instructions occupy the 32-bit,
multiplexed instruction/data bus during the first
phase of an instruction/data cycle. Data occu-
pies the bus during the second.

DataP[3:0]

Data Parity — The FPA and CPU also share the
data parity bus (DataP[3:0]). The main processor
is normally responsible for parity, but during

Table 6. Exception Signal Encoding

FPA store operations, the FPA generates even
parity for each byte in the 32-bit data word.
DataP0 contains parity for Data[7:0]; DataP1
contains parity for Data{15:8] and so on.

Exception

Exception — The CPU Exception output signal is
connected to the FPA Exception pin. The CPU
asserts the Exception signal during run cycles
to indicate it is processing an exception and
during stall cycles to indicate additional infor-
mation about the stall. The meaning of the signal
depends on whether itis asserted during phase
1 or 2 of a run or stall cycle. There are four pos-
sible interpretations summarized in Table 6.

FpBusy

Floating-point Busy — Floating-point Busy
(FpBusy) is asserted to initiate or terminate a
coprocessor busy stall. The FPA asserts this
signal during the ALU pipestage of an instruc-
tion processing cycle if it needs more time to
resolve a data dependency, to continue an ALU
operation past 1 clock cycle or to indicate it has
detected an exception. After asserting FpBusy,
the FPA disregards the data pair presented dur-
ing the previous run cycle.

When the CPU detects FpBusy, itinitiates a stall,
which is terminated when the FPA deasserts
FpBusy. The CPU then performs a fixup cycle,
and the ignored data pair from the lastrun cycle
is presented again. After the fixup cycle, normal
run cycles resume.

FpCond

Floating-point Condition — The Floating-point
Condition (FpCond) signal normally drives
CpCond1 onthe CPU. The FPA asserts this signal
to indicate the result of the last comparison is
available in its status register (FCR31). A branch
may be taken as a result of the state of the com-
pare instruction that activates this signal.

Cycle | Phase | Mnemonic Meaning (when asserted)
Run 1 Exc1W An exception has occurred for the instruction currently in its writeback pipestage.
2 IntGr2M An interrupt is being granted for the instruction currently in the FPA memory access
pipestage.
Stall 1 Fixup1 The current stall cycle is a fixup cycle and the contents of the data bus are valid.
2 CpBusy2 The current stall cycle is a Coprocessor Busy stall.
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Fpint

Floating-point Interrupt — The FPA signals
exceptions by asserting FpInt, which is normally
connected to a CPU interrupt pin Int1. The CPU
samples its interrupt inputs during phase 2 of all
run cycles and during the final fixup stage of a
stall sequence.

Fpintis asserted during the ALU pipestage of
the instruction that caused the exception.

To signal the FPA that it has been granted an
interrupt and a processing stall, the CPU drives
its Exception output LOW during the second
phase of the memory access pipestage of the
instruction that caused the exceptions. The FPA
interprets its Exception pin being driven LOW at
that time as an interrupt grant (/ntGr2M) signal.

FpPresent

Floating-point Present — Floating-point Present
{FpPresent) signals the existence of an FPA in
the system. The signal, pulled up through 4.7
Kohms as shown in Figure 8, is typically used in
a configuration register. When the FpPresent
pin is driven HIGH, the FPA 3-states its outputs.

FpSync

Floating-point Synchronization — CpSync is
generated by the main processor to synchro-
nize data transfers between it and its coproces-
sors. The FPA receives CpSync at its FpSync
input pin, compares its output clock (FpSysOut)
with the CpSync signal, then dynamically
adjusts a variable delay in its clock pulse to min-
imize timing skew between the two units. Also
see the Phase Locked Loop On (PLLON) signal
definition.

FpSysin

Floating-point System In — The FpSysin signal is
aninputthat monitors FpSysOut to determine its
phase relation to the CPU SysOut signal. See
FpSysOut for details.

FpSysOut

Floating-point System Out — In order to operate
the processor system at maximum speed, skew
between the processor and coprocessor syn-

Powered by | Cniner.comEl ectronic-Library Service CopyRi ght

chronization signals must be minimized. The
main processor provides a fixed phase delayin
its input clock paths that is enabled to facilitate
de-skewing of the processor and coprocessors.
This phase delay is in addition to the delay that
is introduced by clock buffering.

The FPA contains a variable delay in its input
clock paths that is dynamically adjusted after
comparing its output clock (FpSysQOut) to the
pracessor CpSync output. CpSync is nominally
identical to SysOut and is provided specifically
for processor-coprocessor synchronization. To
help match the clocks, the FPA output clock
FpSysOut is loaded to match the CpSync load.

The fixed phase delay is enabled by asserting
the main processor {nt4 input during reset.
(Refer to Processor Initialization in the LR3000
and LR3000A MIPS RISC Microprocessor Users
Manualfor a discussion of the reset operation
and the interrupt inputs.) When disabled, the
Clk2xSys-to-SysOut delay assumes its nominal
value.

PLLOn

Phase Locked Loop On — PLLOn enables the
phase locked loop circuitry in the FPA that de-
skews the high-speed timing between it and the
CPU.The signal must be asserted during the
reset cycle, and after reset it must remain
asserted and held to ensure proper operation of
the system. See the LR3000 and LR3000A MIPS
RISC Microprocessor Users Manualfrom LS|
Logic for reset procedures.

Reset

Reset — This synchronous initialization is driven
LOW to reset the system to a known state. Reset
is held LOW with the Phase Locked Loop On
{PLLOn) signal to synchronize the CPU and FPA
before processing begins.

Run

Run - The CPU drives the Run signal LOW to sig-
nal coprocessors that it is performing a run
cycle. It drives Run HIGH when itis stalled. Pro-
cessors and coprocessor are either running or
stalled; there are no other operating states.
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LR3010 Specifications The following tables show the electrical speci- impair the useful life of the device. Not more
fications and timing for the LR3010. Table 7 than one output should be shorted at a time.
shows the LR3010 maximum ratings. Operation Duration of a short should not last more than 30
beyond the limits set forth in this table may seconds.
Table 7. Maximum Ratings Table 8. FPA Operating Range
Parameter Symbol | Min | Max | Units Range Ambient Temperature VCC
Supply Voltage VvCC -05 | +7.0 \ Commercial 0°C to 70°C 5V15%
Input Voltage VIN -05' | 470 \' Military -55°C to 125°C 5Vt5%
Storage Temperature ST -65 | +150 | °C
Note:
1. VIN Min = -3.0 V for pulse width less than 15 ns.
-~ Table 9. DC Electrical Characteristics
16.67 MHz 20 MHz 25 MHz
Parameter Symbol Min Max Min Max Min Max Units
Output High Vaoltage' VOH 35 35 35 v
Output Low Voltage? VoL 0.4 04 0.4 '
Input High Voltage VIH3 20 vCC 20 vCC 20 vCC \
input Low Voltage it -0.5 0.8 -0.5 0.8 -0.5 08 v
Input High Voltage VIHC3® 40 VCC 40 vceC 40 vCC '
Input Low Voltage VILCE 05 04 -05 04 05 0.4 v
Input High Voltage VIHS3$ 25 vce 25 vce 25 vce v
Input Low Voltage VILS® -0.5 0.4 -0.5 04 -0.5 04 v
= Input Capacitance Cin 10 10 10 pF
Output Capacitance COut 10 10 10 pF
Load Capacitance cLd’ 50 50 50 pF
Operating Current® icc 600 650 750 mA
Notes:
1. Test conditions for Output High Voltage: VCC = Min; IOH = -4 mA.
2. Test conditions for Output Low Voltage: VCC = Min; IOL = 4 mA.
3. Ali voltages designated VCC are at a nominal VCC + 0.5 V.
4. VIL Min = -3.0V for pulse width less than 15 ns.
5. VIHC and VILC apply to Run and Exception.
: 6. VIHS and VILS apply to Clk2xSys, Clk2xSmp, Clk2xRd, C'k2xPhi, FpSysin, FpSync and Reset.
-~ 7. CLd is expressed as a per pin average. If the average capacitance across all outputs is above this level, the specification is
violated. Operation above the CLd maximum may shorten the useful life of the FPA.
8. Test conditions for Operating Current: VCC = 5.5V, 70°C.
Table 10. Capacitive Load Deration
16.67 MHz 20 MH:z 25 MHz
Parameter Symbol Min Max Min Max Min Max Units
Load Deration CLD 05 2 0.5 1 0.5 1 ns/25 pF
|
|
—
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LR3010 Specifications Table 11. Current Leakage Parameters
{(Continued)
Parameter Symbol Conditions Min Max Units
Output Leakage Current (Low) 10ZL VCC =525V -10 +10 HA
V=0V
Output Leakage Current (High) 10ZH VCC =525V -10 +10 LA
V=525V
Input Low Current IiL VCC=525V -10 +10 pA
V=0V
Input High Current IH VCC=525V -10 +10 pA
V=525V
Table 12. AC Clock Parameters
16.67 MHz 20 MHz 25 MHz
Parameter’ Symbol Min Max Min Max Min Max | Units
Input Clock High? tekHigh 12 10 8 ns
Input Clock Low? tortow 12 10 8 ns
Input Clock Period tokp 30 1000 25 1000 20 1000 ns
Clk2xSys to Clk2xSmp 0 tCyc/4 0 tCyc/4 0 tCyc/4 | ns
Clk2xSmp to Clk2xRd 0 tCyc/4 0 tCyc/4 0 tCyc/4 | ns
Clk2xSmp to Clk2xPhi 9 tCyc/4 7 tCyc/4 5 tCyc/4 | ns
Note:
1. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Clk2xRd and Clk2xPhi.
2. Clock transition time < 5 ns for 16.67, 20 and 25 MHz machines.
Table 13. AC Setup and Hold Timing
16.67 MHz 20 MH:z 25 MHz
Parameter Symbol Load (pF) Min Max Min Max Min Max | Units
Data Valid toval 25 2 3 1 3 1 3 ns
Data Enable’ toen -1 -2 -0.5 -1.5 05 | -15 ns
Data Disable’ topis 0 -1 0 -1 0 -05 ns
Data Setup tps 9 8 7 ns
Data Hold toH -2.5 -25 -25 ns
FpBusy trpBusy 0 15 0 13 0 10 ns
Fp Condition tepCond 0 35 0 30 0 25 ns
Exception Set Up texs 10 9 8 ns
Exception Hold texH 0 0 0 ns
Fp Interrupt trpint 0 40 0 30 0 25 ns
Fp Move To trpMove 0 35 0 30 0 25 ns
Run Setup tRuns 10 9 8 ns
Run Hold tRunH -2 -2 -2 ns
Note:

1. Parameter guaranteed by design.
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LR3010A Specifications The following tables show the electrical speci- this table may impair the useful life of the device.
(Continued) fications and timing for the LR3010A. All LR3010A Not more than one output should be shorted at
specifications are preliminary and subject to a time. Duration of a short should not last more
change. Table 14 shows the LR3010A maximum than 30 seconds.
ratings. Operation beyond the limits set forth in .
Table 15. FPA Operating Range
Table 14. Maximum Ratings
Range Ambient Temperature vCcC
Parameter Symbol | Min | Max | Units Commercial 0°C to 70°C 5V +5%
Supply Voltage vCC 05 | +70 | V Military -55°C to 125°C 5V*5%
Input Voltage VIN |-05|+0| V
Storage Temperature TST -65 | +150 | °C
Note:
1. VIN Min = -3.0 V for pulse width less than 15 ns.
Table 16. DC Electrical Characteristics
16.67 MHz 26MHz 33.33 MHz
Parameter Symbol Min Max Min Max Min Max Units
Output High Voltage' VOH 35 35 35 Vv
Output Low Voltage? VoL 04 04 04 Vv
Input High Voltage VIH3 20 VCC 2.0 vCC 2.0 vCC v
Input Low Voltage Vit -0.5 0.8 -05 0.8 05 0.8 v
Input High Voltage VIHC3S 40 vce 40 vce 40 vcC v
Input Low Voltage viLc? 0.5 04 -0.5 04 -05 04 v
Input High Voltage VIHS38 30 vcC 3.0 vce 30 vce v
- Input Low Voltage VILS® 05 0.4 -05 0.4 05 0.4 v
Input Capacitance Cin 10 10 10 pf
Output Capacitance COut 10 10 10 pF
Load Capacitance cLd’ 50 50 50 oF
Operating Current® IcC 500 600 700 mA
Notes:
1. Test conditions for Output High Voltage: VCC = Min; IOH = -4 mA.
2. Test conditions for Output Low Voltage: VCC = Min; I0L =4 mA.
3. All voltages designated VCC are at a nominal VCC + 0.5 V.
4. VIL Min = -3.0 V for pulse width less than 15 ns.
' 5. VIHC and VILC apply to Run and Exception.
- 6. VIHS and VILS apply to Clk2xSys, Clk2xSmp, Clk2xRd, Clk2xPhi, FpSysIn, FpSync and Reset.
7. CLd is expressed as a per pin average. |f the average capacitance across all outputs is above this level, the specification is

violated. Operation above the CLd maximum may shorten the useful life of the FPA.

(=]

. Test conditions for Operating Current: VCC =5.5V, 70°C.

Table 17. Capacitive Load Deration

16.67 MHz 25 MHz 33.33 MHz
Parameter Symbol Min Max Min Max Min Max Units
Load Deration CLD 0.5 2 05 1 0.5 1 ns/25 pF
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LR3010A Specifications Table 18. Current Leakage Parameters

{Continued)
Parameter Symbol Conditions Min Max Units

Output Leakage Current {Low) 10ZL VCC =525V -10 +10 1A
V=0V

Output Leakage Current (High) 10ZH VCC=5.25V -10 +10 HA
V=525V

Input Low Current IiL VCC=525V -10 +10 uA
V=0V

Input High Current ItH VCC=525V -10 +10 A
V=525V

Table 19. AC Clock Parameters

16.67 MHz 25 MHz 33.33 MHz
Parameter’ Symbol Min Max Min Max Min Max Units
Input Clock High? tCkHigh 12 8 6 ns
input Clock Low? tektow 12 8 6 ns
Input Clock Period tokp 30 1000 20 1000 15 1000 ns
Clk2xSys to Clk2xSmp 0 tCyc/4 0 tCyc/4 0 tCyc/4 | ns
Clk2xSmp to Clk2xRd 0 tCyc/4 0 tCyc/4 0 tCyc/4 | ns
Clk2xSmp to Clk2xPhi 9 tCyc/4 5 tCyc/a 45 tCyc/4 | ns

Note:
1. The clock parameters apply to all four 2xClocks: Clk2xSys, Clk2xSmp, Ctk2xRd and Clk2xPhi.
2. Clock transition time < 5 ns for 16.67 and 25 MHz machines and < 2.5 ns for 33.3 MHz machines.

Table 20. AC Setup and Hold Timing

16.67 MHz 25 MHz 33.33 MHz
Parameter Symbol Load (pF) Min Max Min Max Min Max | Units
Data Valid toval 25 3 3 2.5 ns
Data Enable’ toen -2 15 -15 ns
Data Disable' toois -1 0 -05 0 -05 ns
Data Setup tps 9 7 5 ns
Data Hold toH -25 -25 -25 ns
FpBusy trpBusy 0 15 0 10 0 7 ns
Fp Condition trpcond 0 35 0 25 0 17 ns
Exception Set Up texs 10 7 4 ns
Exception Hold texh 0 0 0 ns
Fp Interrupt trpint 40 0 25 0 19 ns
Fp Move To trpMove 0 35 0 25 0 16 ns
Run Setup tRuns 17 15 125 ns
Run Hold tRunH -2 -2 -2 ns
Stall Setup stalls 10 9 7 ns
Stall Hold tstallH -2 -2 -2 ns
Note:

1. Parameter guaranteed by design.
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Timing Waveforms As a coprocessor, the FPA does not communi- The relation between various clock signals that
cate with any chips in the system except the were defined in the proceeding section is
CPU. It monitors the data/instruction lines look- shown in Figure 13. The rest of the figures in this
ing for FPA instructions and operands or places section illustrate critical FPA timing parameters.
data on the bus under CPU control. As a result,
the only timing diagrams relevant to the FPA
show its interaction with the CPU.
LekHigh Tokow  [—
Clk2xSys \ /
Clk2xRd J—_—u_—\_J__\
Clk2xPhi
— tRa
N tSmp
tSys
One CPU cycle
MD90.421
Figure 9. Clock Timing
cycle: Run Run ]
phase: 1 2 l 1 | 2 ‘

Power ed by | Cm ner.

SysOut ! 3
— | i
POt — \ / \ /
:: | L ‘
“eset N § ?
. tos
tDH 4% |
st 1 J tSrnp ‘4*
‘4 trs!pll ™ \
trstop MD30.422

Figure 10. Reset Timing
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Timing Waveforms
(Continued) cycle Run Run Run

instr FpStore FplLoad

phase 1 2 1 2

FpSysOut

FpPhiOut

Data
togn e tos tos ;
> toval § toy | tou |
: opis tSmp '<_ tSmp "'
tgy = ‘ ‘
Run :
M00.206"
Figure 11. Load Store Timing
cycle Run Run Run
instr FpMoveFm FpMoveTo
phase 1 2 1 2

FpSysOut

FpPhiOut

Data——é( lin Dout \H I‘ lin J | L Din ‘I 1

togn tps tos :
> toval : ton | tom ;

: topis tSmp ¢ tSmp '<_
tHd - : H

Run

MD%0.209 *

Figure 12. FPA Transfer Timing
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Timing Waveforms
(Continued) cycle Run Run Run

pipeline FpCompareALU FpCompareMEM

phase 1 2 1 2

FpSysOut

FpPhiOut |

FpCond X

- tFpCond

FpCond

tFp[:und _"

MD30.210

Figure 13. FpCond Timing

cycle Run Run Run

pipeline FpALU I FpMemoryAccess

phase 1 2 | 1 2

FpSysOut

FpPhiOut

Fpint \

- tFplnl

_’ tFpInt MD90.216

Figure 14. Interrupt Timing
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Timing Waveforms
(Continued) cycle Run Run

Stall

pipeline FpOpALU

FpOpALU

phase 1 2 1

FpSysOut

FpPhiOut

Run

FpBusy /; \ /t \ T
_> tFpBusy *’ tFpBusy j

—

i tgrans
> g

Exception //

Figure 15. FPA Busy Timing — Beginning of Stall
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Timing Waveforms -
(Continued) cycle Stall Fixup I Run
pipeline FpOpALU | FpOpALU | SomeQOp J
phase 2 | 1 | 2 l 1 |
FpSysOut
FpPhiOUt | "
FpBusy T : \ \\ ' '
_>. tFpBusy _>' tFpBusy _> tF|:nBusy [ _>' IFDBUSY L_
3 i 5 i |
: 1 : a thuns — >
—)‘ - tRunH
Exception X CszyX * * X CpBsy X
—~ H | R :
texes —> : i
| ; >t : -
Figure 16. FPA Busy Timing — End of Stall
cycle Stall Fixup Stall
— pipeline FpOPALU FpOPALU
phase 1 2 1 2

FpSysOut

FpPhiOut

FpBusy \ / \ /' \
_)' tFpBusy MD0.214

Figure 17. FPA Busy Retry Timing
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Timing Waveforms | R R R
(Continued) cycle un un un
pipeline MemoryAccess WiriteBack
phase 1 2 1 l 2 |
FpSysOut i
> -
FpPhiOut \ / i
Exception intGr + f *
1:E)(v:S_—>‘ tEch_' H
¢ tExcH <_ tE)(CH MDWZVA;
Figure 18. FPA Exception Timing
cycle Run Run Run
pipeline MoveToMemoryAccess MoveToWriteback
phase 1 2 1 2

FpSysOut
FpPhiout | / : :
FpCond : X >< FeCond
Fpint )( X Folm
; ; 4—— trpMov ——-) tFpMuv_>'§ MD%0.218

Figure 19. Move to FPA Status Timing

24

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



NI [.OGIC

LR3010/LR3010A
Floating-Point
Accelerator
Preliminary
Pinout, Package and The LR3010 and LR3010A are available in three Figure 23. The 160-pin plastic quad flat pack
Ordering Information package options. The 84-pin cavity-down (PQFP) is shown in Figure 24 with mechanical
ceramic, pin-grid array (CPGA) is illustrated in configuration illustrated in Figure 25.
Figure 20 with mechanical configuration shown
in Figure 21. The 84-pin cavity-down ceramic Table 21 shows the clock frequency, package
leaded chip carrier (CLDCC) is shown in Figure types and order codes for the LR3010. Table 22
22 with mechanical configuration illustrated in shows comparable information for the LR3010A.
Table 21. LR3010 Ordering Information Table 22. LR3010A Ordering information
Product Code |Clock (MHz)| Package Type Product Code |Clock (MHz)}| Package Type
LR3010HM-16 1667 | 84-pin CPGA | Military LR3010AHC-16|  16.67 | 84-pin CPGA | Commercial
LR3010KM-16 16.67 84-pin CLDCC | Military LR3010AKC-16 16.67 84-pin CLDCC| Commercial
LR3010HM-20 20 84-pin CPGA | Military LR3010AHC-25 25 84-pin CPGA | Commercial
LR3010KM-20 20 84-pin CLDCC | Military LR3010AKC-25 25 84-pin CLDCC| Commercial
LR3010HC-16 16.67 84-pin CPGA | Commercial LR3010AHC-33 33.33 84-pin CPGA | Commercial
LR3010KC-16 16.67 84-pin CLDCC | Commercial LR3010AKC-33 3333 84-pin CLDCC| Commercial
LR3010HC-20 20 84-pin CPGA | Commercial LR3010AQC-16|  16.67 | 160-pin PQFP | Commercial
LR3010KC-20 20 84-pin CLDCC | Commercial
LR3010HC-25 25 84-pin CPGA | Commercial
LR3010KC-25 25 84-pin CLDCC | Commercial

25
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Pinout, Package and 1 2 3 4 5 6 7 8 9 10 n 12
Ordering Information
{Continued) A| GND VCC |FpSysOut| GND |Clk2xSmp| GND | Reset | GND | FpSync | Data0 vCC GND
B | FpSysin | Data31 | DataP3 | VCC |Clk2xSys| VCC |Clk2xPhi| VCC PTOn Datal Data3 | Data4
C| GND VCC | Cik2xRd Data2 vCce GND
D | Data29 | Data30 Data5 | Data6
E | Data27 | Data28 Data7 | DataP0
F GND vVCcC Data8 | Data9
Top View
G | Data26 | DataP2 vce GND
H | Data24 | Data25 Datall | Datal0
J | Data23 | Data22 Datai3 | Datal2
K| GND vCC Data19 Resvd0 vCC GND
L | Data21 | Data20 | Datal8 | Datal6 VCC FpBusy |Exception| VCC Resvd2 |FpPresent| Datal5 | Datatl4
M| GND vCC Datal7 | DataP1 GND | FpCond | FpInt GND Run Resvdi vCcC GND

Figure 20. 84-Pin Cavity-Down CPGA — Top View
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LR3010/LR3010A
Floating-Point
Accelerator
Preliminary
~
Pinout, Package a_nd Top View Side View
Ordering Information
(Continued) B D —> A —> ‘<— Dimension |_Inches (mm)
/ N ] A | Min | 0.109(2.77)
VAN a1| Min [ 0066 (167)
0.008R Max | 0.084(2.13)
Ref A2 —> [« Min | 0.015(0.38)
iy T | A2 Max | 0025 (064)
7 g'| Min | 0.555 Sq(14.09)
| Max | 0.565 Sq (14.35)
B Lid . 2| Min | 0.435Sq(11.05)
Heat Sink / | B™| Max | 0455 Sq(11.55)
! ¢ | Min | 0.016(0.41)
| Max | 0.020(0.51)
B ” : p | Min | 1.1905q(30.23)
= | Max | 1.215 Sq (30.88)
3:'—f p1| Min | 1.095q(27.81)
L ) = — Max | 1.11 Sq(28.07)
e C D2| Max | 0.620Sq(15.75)
Bottom View Al —»| |e— 03 Min 0.095 (241)
ax | 0.105(2.67)
< D1 > g | Min | 0170(a32)
< D2 > Max | 0.190(4.82)
T b3 [~ £ | Min | 0.040(1.02
" BOPEOOOCOPOE | — e o001 43
) HIOIOIO[OIOIOIOIOIOIOIOIO) ;—S‘&"gl‘;f::s')"s Max | 0.065(1.78)
K|O@® {oJolo
J @ @ @ @ Detail Standoff
HiI®® OJO] F - -
6 |®W® Lid ®®
El@O® ®®
D [@® | JIROION
_ ¢ |@@E MCICIC NN -
' Bl[O@O®OEOEOOOOO®O® A,
) 1. Dimensions apply to LR3010.
A ©OOOO®O® ©OO®O® @‘ 0,020 (051) X 45 g gimenflionsdapply to LR3010};A‘. :
_0.020 (0.51) X 45° . Controlling dimension — inch (mm).
1 2 3 45 6 7 8 9 10112 {4 Places) 4, Drawing is not to scale. MD0 70¢

Figure 21. 84-Pin Cavity-Down CPGA — Mechanical Drawing
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Figure 22. 84-Pin Cavity-Down CLDCC - Top View
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LR3010/LR3010A
Floating-Point
Accelerator
Preliminary
-
Pinout, Package and Top View Side View
Ordering Information Lo -
{Continued) —» |8
Pingal— —~— Pin 64 Dimension | Inches (mm)
A | Min 1.961 Sq (49.923)
_ Max | 1.967 Sq (49.949)
Pin 1 — A1 | Min 1.140 Sq (29.185)
——— Max | 1.160 Sq (29.235)
| B —>leriL 2z | Min__| 0990 Sq (25.375)
: T— i W Max | 1.010 Sq (25.425)
| - Lid A3'| Max | 0.706 Sq (17.932)
: Heat Sink ';ienakt B |Max |0.115(292)
1 ¢ |Min 0.070 (2.01)
: L Max 0.090 (2.06)
- ‘ - D [Max [ 0.012(0.304)
= ol oy
Pin 21 : - ax . q (14.
. ) g2 [Min__| 04355 (11.049)
Ae_ Max [ 0.455 Sq (11.557)
F [ RefTyp | 0.040(1.02)
Pin22 000 . .
bl G | Ref Typ | 0.050(1.27)
. -~ H |Typ | 0.035(0.89)
Bottom View R J |Ref | 0.040C(1.02)x45°
K | Ref 0.020C (0.51) X 45°
- N~ . [Min__[0075(038)
M —> J Max 0.025 (0.64)
3 places) M Min 0.015(0.38)
Max 0.018 {0.46)
Pin2l ¢ =~ Pin43 Detail “A" N |Typ 0.050 (1.27)
p— — p [Min 0.0074 {0.018)
| 1 Max__| 0.0086 (0.024)
! Lid ‘
| IR
] |
ﬁ: —— 0.040 (1.02 mm) Max
—— « — {Lead Thickness
Pin1 / Pin 63 Uncontrolled Area)
K
Notes:
I N B 1. Dimensions apply to LR3010.
je—— A3 —>| 2. Dimensions apply to LR3010A.
——————— A2 —————» 3. Controlling dimension - inch (mm).
- Al 4. Drawing is not to scale. Mo72C

Figure 23. 84-Pin Cavity-Down CLDCC — Mechanical Drawing

29

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



IS [.OGIC

LR3010/LR3010A
Floating-Point
Accelerator
Preliminary

Pinout, Package and
Ordering Information
(Continued)

FpCond
FpBusy
NC

Fplnt

NC
Exception
NC

Run

NC

VDD

NC

VSS

NC

vDD

NC

AN

NC
FpPresent
Reserved0
vDD

NC

VS§S

NC

vDD

~
S

DG B WN =

CEUIOTPRLDN =0

55 ——— Datal7

56 c——=) Datal6
54 ———3 Datal8
53 == Datal9

41
42
43
4
45
46
47
48
49
50
51
52
53
54
55
56
57
58

41 1 DataP2
40 c——1 Data24
39 ——3 Data25
38 ——1 Data26

Top View

59
60
61
62
63

64
65
66
67
68
69
70
n
13
3
74
75
76
n
78
79

80

120
1us
1us
uz
16
15
14
13
1z
m
10
109
108
107
106
105
104
103
102
10

NC

NC
FpSysin
Data31
VDD

VS§S

NC
DataP3
FpSysOut
Clk2xSys
Ctk2xSmp
NC
Ctk2xPhi

WW -

LLULLUTLTONLVANNLTELRPVLOERLOVLLILOLYWLNLAND—-—LOOLL
REG T s OLLA_G TSI IGIIEEe oYY ITagegzeas
E EEE 77 EE 88 E& 88 &§ * 77 8 § & &

e ooo oo a

Note:
1. NC pins are not connected.

Figure 24. 160-Pin PQFP — Top View
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Figure 25. 160-Pin PQFP — Mechanical Drawing
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Dimension | Inches (mm)

A Min | 1.244 Sq (31.60)
Max | 1.276 Sq (32.40)

A1 Min | 1.098 Sq(27.90)
Max | 1.106 Sq (28.10)

A2 | Ref 0.998 Sq (25.35)

C | Max | 0.155(3.94)

C1 | Max | 0.140(3.55)

D | Max | 0.012(0.30)

E Min | 0.024(0.061)
Max | 0.039(1.00)

F Min | 0.004 (0.10)
Max | 0.010(0.25)

G Min | Odegrees
Max | 10 degrees

H | Nom | 0.026 (0.65)

J Min | 0.010(0.25)
Max | 0.014(0.35)

M | Max | 0.004(0.10)

P | Max | 0.002(0.05)

Notes:

1. Controlling dimension —inch,
rounded to the nearest .001".

2. Coplanarity of all leads shall
be within .004" (difference
between the highest and
lowest lead with seating
plane K- as reference).

3. Lead pitch determined at —L—.

4. Drawing is not to scale.
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