Am29C325

CMOS 32-Bit Floating-Point Processor
FINAL

DISTINCTIVE CHARACTERISTICS

® Single VLS! device performs high-speed single-
precision floating-point arithmetic
Fioating-point addition, subtraction, and multiplication
in a single clock cycte
Internal architecture supports sum-of-products,
Newton-Raphson division

® 32-bit, three-bus flow-through architecture
Programmable /O allows interface to 32- and 16-bit
systems

& |EEE and DEC formats
Performs conversions between formats
Performs integer <> floating-point conversions

® Input and output registers may be made transparent
independently

® Pin and functionally compatible with the bipolar
Am29325

® The Am29C325 uses less than one-quarter the power of

the Am29325

145 PGA requires no heatsink

GENERAL DESCRIPTION

The Am29C325 is a high-speed floating-point processor
unit. It performs 32-bit single-precision fioating-point addi-
tion, subtraction, and multiplication operations in a single
VLS circuit, using the format specified by the IEEE floating-
point standard, 754. The DEC single-precision floating-
point format is also supported. Operations for conversion
between 32-bit integer format and floating-point format are
available, as are operations for converting between the
IEEE and DEC fioating-point formats. Any instruction can
be performed in a single clock cycle. Six flags — invalid
operation, inexact result, zero, not-a-number, overflow, and
underflow — monitor the status of operations.

The Am29C325 has a three-bus, 32-bit architecture, with
two input buses and one output bus. This configuration

provides high 1/0 bandwidth, allows access to all buses,
and affords a high degree of fiexibility when connecting this
device in a system. Ali buses are registered, with each
register having a clock enable. Input and output registers
may be made transparent independently. Two other 1/0
configurations, a 32-bit, two-bus architecture and a 16-bit,
three-bus architecture, are user-selectable, easing inter-
face with a wide variety of systems. Thirty-two-bit internal
feedforward datapaths support accumulation operations,
including sum-of-products and Newton-Raphson division.

Fabricated using Advanced Micro Devices' 1.2 micron
CMOS process, the Am29C325 is powered by a single 5-
volt supply. The device is housed in a 145-lead pin-grid-
array package.
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RELATED AMD PRODUCTS

Part No. Description
Am239027 Am29K Arithmetic Accelerator
Am29116 High-Performance Bipolar 16-Bit Microprocessor
Am29C116 High-Performance CMOS 16-Bit Microprocessor
Am29CPL141 | CMOS 64 x 16 EPROM Field Programmable Controller
Am29CPL142 | CMOS 128 x 16 EPROM Field Programmable Controller
Am29CPL144 | CMOS 512 x 16 EPROM Field Programmable Controller
Am29CPL151 | CMOS 64 x 16 EPROM Field Programmable Controlier — Slim DiP
Am29CPL152 | CMOS 128 x 16 EPROM Field Programmable Controller — Sfim DIP
Am29CPL154 | CMOS 512 x 16 EPROM Field Programmable Controller — Slim DIP
Am29C323 CMOS 32-Bit Parallel Multiplier
Am29C327 CMOS Double-Precision Floating-Point Processor
Am29331 16-Bit Microprogram Sequencer
Am29C331 CMOS 16-Bit Microprogram Sequencer
Am29332 32-Bit Extended Function ALU
Am29C332 CMOS 32-Bit Extended Function ALU
Am29334 64 x 18 Four-Port, Dual-Access Register File
Am29C334 CMOS 64 x 18 Four-Port, Dual-Access Register File
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CONNECTION DIAGRAM
Top View
PGA
A B c D E F G H K L M N P R
1] INEX 12 n ENF 14 OBUS OE vCC R31 R30 R25 R24 R21  R20
2| INVA NAN IO 3] FT0 FT1 vCC  VCC AND1  R27 R28 R23 R22 Ri7
3|F9 ZERO GNDO ENR ENS 1632 VCC vce R29 R26 GND GND R19 R18
4| F30 F31 GNDO  * R15 R16  R13
§| F23 OVFL UNFL R14 R11  R12
6| F26 F27 F28 R9 R10 R7
7| F21  F24 F25 R8 R5 R6
8| F2 F19 VCCO R3 R4 R1
9| F17 F20 VCCO RO 13 R2
10| F18  F15 F16 S28 §31 830
11 F13  F14 F11 s27 S26  S29
12| F12  Fo F10 VCC 825  S24
13| F7 F6 GNDO GNDO GNDO GNDO GND  GND S8 S13 S14 veC S22 S23
14 | F8 F3 F2 GNDO FO St s2 GND S9 S10 S15 sS18 S21 820
15 [ F5 Fa F1 GNDO  P/AFF SO s3 S5 S6 S11 s12 S17 S16 19
CD010492
Key: 16/32 = S16/32
1/D = |IEEE/DEC
INEX = INEXACT
INVA = INVALID
OBUS = ONEBUS
OVFL = OVERFLOW
P/AFF = PROJ/AFF
UNFL = UNDERFLOW
*D4 is an alignment pin {not connected internally).
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PIN DESIGNATIONS

(Sorted by Pin No.)

PIN NO. PIN NAME PiN NO. PIN NAME PIN NO. PIN NAME PIN NO. PIN NAME
A-1 Inexact C-7 Fos H-13 GND N-10 Sog
A-2 Invalid c8 Veco H-14 | GND N-11 | Sp7
A-3 Fog C-8 Vceco H-15 Sg N-12 Vee
A4 Fao C-10 | Fyg J-1 CLK N-13 | Vee
A5 Fo3 c-11 | Fyy J-2 RNDg N-14 | Sqg
A6 Fog c12 | Fyo J-3 vee N-15 | 847
A7 F2 C-13 | GNDO J-13 | GND P-1 R21
A-8 Foo C-14 Fa J-14 S4 P-2 Ra2
A-9 F17 Cc-15 | Fy J15 | S7 P-3 Rig
A-10 Fig D-1 ENF K-1 Raq P-4 Ryg
A-11 Fi3 D-2 \EEE/DEC K-2 RND P-5 R1q
A-12 Fiz D-3 ENR K-3 Rog P-6 R1g
A-13 F7 D-13 GNDO K-13 Sg P-7 Rs
A-14 Fg D-14 GNDO K-14 Sg P-8 R4
A-15 Fs D-15 GNDO K-15 Se P-9 13
B-1 I2 E-1 I L-1 R3o P-10 S31q
B-2 NAN E-2 FTo L-2 Ro7 P-11 S26
B-3 ZERO E-3 ENS L-3 Rog P-12 Sos
B-4 Fa31 E-13 | GNDO L-13 | Sq3 P-13 | Sz
B-5 OVERFLOW E14 | Fp L-14 | Sy P-14 | Sy
B-6 Fa7 E-15 | PROJ/AFF L-15 | Sqy P-15 | Sy
B-7 Foa F-1 ONEBUS M-1 Rzs R-1 Rag
B-8 Fio F-2 FT4 M-2 Rog R-2 Ri7
B-9 Fap F-3 $16/32 M-3 GND R-3 Rig
B-10 Fis F-13 GNDO M-13 Sq4 R-4 R13
B-11 Fia F-14 | Sy M-14 | Sy5 R-5 R12
B-12 Fg F-15 So M-15 S12 R-6 Ry
B-13 Fe G-1 OE N-1 Rog R-7 Re
B-14 F3 G-2 Vee N-2 R23 R-8 R4
B-15 Fa G-3 vee N-3 GND R-9 R
C-1 Iy G-13 | GND N-4 R1s R-10 | Sy
c-2 o G-14 | Sp N-5 Rig R-11 | Sgg
C-3 GNDO G-15 S3 N-6 Rg R-12 So4
c4 GNDO H-1 Vee N-7 Rg R-13 | Sp3
c-5 UNDERFLOW H-2 vee N-8 R3 R-14 | Sy
C-6 Fos H-3 Vee N-9 Ro R-15 St

Note: Pin number D4 = Alignment Pin
Veeo and GNDO are power and ground pins for the output buffers.
Vce and GND are power and ground pins for the rest of the logic.
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PIN DESIGNATIONS (Cont'd.)
(Sorted by Pin Name)

PIN NO. PIN NAME PIN NO. PIN NAME. PIN NO. PIN NAME PIN NO. PIN NAME.
J-1 CLK E-2 FTo R-6 Ry K-14 Sy
D-1 ENF F-2 FTy N-7 Rg L-14 S10
D-3 ENR G-13 GND N-6 Ry L-15 Sq1
E3 ENS H-13 GND P-6 R M-15 St2
E-14 Fo H-14 GND P-5 Ry1 L-13 Sq3
C-15 Fq J-13 GND R-5 Ri2 M-13 S14
C-14 Fa2 M-3 GND R-4 Ri3 M-14 S1s
B-14 F3 N-3 GND N-5 Rig P-15 S16
B-15 Fa C-3 GNDO N-4 Ris F-3 $16/32
A-15 Fs C-4 GNDO P-4 Ris N-15 S17
B-13 Fe C-13 GNDO R-2 Ry7 N-14 Sis
A-13 ] D-13 GNDO R-3 Rig R-15 Sq9
A-14 Fg D-14 GNDO P-3 R19 R-14 S20
B-12 Fg D-15 GNDO R-1 RA20 P-14 S21
C-12 Fio E-13 GNDO P-1 R21 P-13 S22
C-11 Fi1 F-13 GNDO P-2 Ra22 R-13 Sa3
A-12 F1i2 Cc-2 lo N-2 R23 R-12 Sa4
A1t Fi3 C1 l4 N-1 Ra4 P-12 Sas5
B-11 Fia B-1 f2 M-1 Ra2s P-11 So¢
B-10 Fis P-9 I3 L-3 Rae N-11 So7
Cc-10 Fig E-1 lg L-2 Ra7 N-10 Sag
A-9 Fi7 D-2 {EEE/DEC M-2 Rag R-11 Sa29
A-10 Fig A-1 INEXACT K-3 Rao R-10 | S0
B-8 Fi9 A-2 INVALID L1 R3o P-10 S31
B-9 F20 B-2 NAN K-1 R31 C-5 UNDERFLOW
A7 Fa1 G-1 OE J-2 RNDg G-2 Vee
A-8 Fa22 F-1 ONEBUS K-2 RND¢ G-3 Vee
A-5 Fa3 B8-5 OVERFLOW F-15 So H-1 Vee
B-7 Fas E-15 PROJ/AFF F-14 S4 H-2 Vee
c-7 F2s N-9 Ro G-14 S2 H-3 Vee
A-6 Fog R-8 Ry G-15 S3 J-3 Vee
B-6 Fa7 R-9 Rz J-14 S N-12 | Vee
C-6 Fag N-8 R3 H-15 S5 N-13 Vec
A-3 F29 P-8 R4 K-15 Sg c-8 Vcco
A-4 Fag P-7 Rs J-15 S7 c-9 Veeo
B-4 Fa1 R-7 Re K-13 Sg B-3 ZERO

Note: Pin number D4 = Alignment Pin
Veoeo and GNDO are power and ground pins for the output buffers.
Voe and GND are power and ground pins for the rest of the logic.
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LOGIC SYMBOL

RENREtAINRERY

Ro-R3 Fo-Fa1
SoSy4 INEXACT
CLK INVALID
ENR NAN
G . OVERFLOW
ENE UNDERFLOW
FTo.FTy ZERO
lo-la

IEEE/DEC

OE

ONEBUS

PROJ/AFF

RNDg,RND;

S16/32

LS002920
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of: a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

1 G C

|+

B
L————-e. OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

. TEMPERATURE RANGE
C = Commercial (0 to +85°C) Case

¢. PACKAGE TYPE
G = 145-Lead Pin Grid Array without Heatsink
(CGX145)

[-%

b. SPEED OPTION
Blank = Base Speed
-1 = Speed Select

a. DEVICE NUMBER/DESCR!PTION
AmM29C325
CMOS 32-Bit Floating-Point Processor

Valid Combinations Valid Combinations

AM29C325
AM29C325-1

GC, GCB Valid Combinations list configurations planned to be
supported in volume for this device. Consuit the local AMD
sales office to confirm availability of specific valid
combinations, to check on newly released combinations, and
to obtain additional data on AMD's standard military grade
products.
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products is formed by a combination of: a.

[N 3

MILITARY ORDERING INFORMATION

APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL {Approved
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) for APL

Device Number

. Speed Option (if applicable)
. Device Class

. Package Type

. Lead Finish

18 Z

<
\——————— LEAD FINISH
C = Gold

®

a

PACKAGE TYPE
Z = 145-Lead Pin Grid Array without Heatsink
(CGX145)

c. DEVICE CLASS
/B =Class B

Am29C325

b. SPEED OPTION
Blank = Base Speed
-1 =Speed Select

a. DEVICE NUMBER/DESCRIPTION

CMOS 32-Bit Floating-Point Processor

Valid Combinations

Valid Combinations

AM29C325
AM29C325-1

/BZC

Valid Combinations list configurations pianned to be
supported in volume for this device. Consult the local AMD

sales office to confirm availability of specific valid
combinations or to check for newly released valid
combinations.
Group A Tests
Group A tests consist of Subgroups
1,2 8,7, 8,9, 10, 11.

2-10
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PIN DESCRIPTION

CLK Clock {tnput)
For the internal registers.

ENF Register F Clock Enable (Input; Active LOW)
When ENF is LOW, register F is clocked on the LOW-to-
HIGH transition of CLK. When ENF is HIGH, register F
retains the previous contents.

ENR Register R Clock Enable (Input; Active LOW)
When ENR is LOW, register R is clocked on the LOW-to-
HIGH transition of CLK. When ENR is HIGH, register R
retains the previous contents.

ENS Register S Clock Enable (Input; Active LOW)
When ENS is LOW, register S is clocked on the LOW-to-
HIGH transition of CLK. When ENS is HIGH, register S
retains the previous contents.

Fo-F31 F Operand Bus (Output)

Fo is the least significant bit.

FTg Input Register Feedthrough Control (input;
Active HIGH)
When FTg is HIGH, registers R and S are transparent.

FT1 Output Register Feedthrough Controt (Input;
Active HIGH)
When FT4 is HIGH, register F and the status flag register
are transparent.

Ig—-l2 Operation Select Lines (Input)
Used to select the operation to be performed by the ALU.
See Tabie 1 for a list of operations and the corresponding
codes.

13 ALU S Port Input Select (Input)
A LOW on I3 selects register S as the input to the ALU S
port. A HIGH on I3 selects register F as the input to the ALU
S port.

l4 Register R Input Select (Input)
A LOW on i4 selects Ro-Raq as the input to register R. A
HIGH selects the ALU F port as the input to register R.

IEEE/DEC  IEEE/DEC Mode Select (Input)
When IEEE/DEC is HIGH, IEEE mode is selected. When
IEEE/DEC is LOW, DEC mode is selected.

INEXACT Inexact Result Flag (Output; Active HIGH)
A HIGH indicates that the final result of the last operation
was not infinitely precise, due to rounding.

INVALID invalid Operation Flag (Output; Active
HIGH)
A HIGH indicates that the last operation performed was

invalid; e.g., % times 0.

NAN Not-a-Number Flag (Output; Active HIGH)
A HIGH indicates that the final result produced by the last
operation is not to be interpreted as a number. The output in
such cases is either an IEEE Not-a-Number (NAN) or a
DEC-reserved operand.

OE Output Enable (Input; Active LOW)
when OE is LOW, the contents of register F are placed on
Fo-F31. When OE is HIGH, Fg-F31 assume a high-
impedance state.

ONEBUS iInput Bus Configuration Controi (input)
A LOW on ONEBUS configures the input bus circuitry for
two-input bus operation. A HIGH on ONEBUS configures
the input bus circuitry for single-input bus operation.

OVERFLOW  Overflow Flag (Output; Active HIGH)
A HIGH indicates that the last operation produced a final
result that overflowed the floating-point format.

PROJ/AFF Projective/Affine Mode Select (Input)
Choice of projective or affine mode determines the way in
which infinities are handled in IEEE mode. A LOW on
PROJ/AFF selects affine mode; a HIGH selects projective
mode.

Rg-R31 R Operand Bus (Input)
Rp is the least significant bit.

RNDg, RND¢y Rounding Mode Selects (input)
RANDg and RND1 select one of four rounding modes. See
Table 5 for a list of rounding modes and the corresponding
control codes.

Sg-S31 S Operand Bus (Input)
Sg is the least significant bit.

S$16/32  16- or 32-Bit I/0 Mode Select (Input)

A LOW on S16/32 selects the 32-bit 1/0 mode; a HIGH
selects the 16-bit 1/0 mode. In 32-bit mode, input and
output buses are 32 bits wide. In 16-bit mode, input and
output buses are 16 bits wide, with the least and most
significant portions of the 32-bit input and output words
being placed on the buses during the HIGH and LOW
portions of CLK, respectively.

UNDERFLOW Underfiow Flag (Output; Active HIGH)
A HIGH indicates that the last operation produced a
rounded result that underflowed the floating-point format.

ZERO Zero Flag (Output; Active HIGH)
A HIGH indicates that the last operation produced a final
result of zero.

Definition of Terms
Affine Mode

One of two modes affecting the handling of operations on
infinities — see the Operations with Infinities section under
Operations in IEEE Mode.

Biased Exponent

The true exponent of a floating-point number, plus a constant.
For IEEE floating-point numbers, the constant is 127; for DEC
floating-point numbers, the constant is 128. See aiso True
Exponent.

Bus
Data input or output channel for the floating-point processor.

DEC-Reserved Operand

A DEC floating-point number that is interpreted as a symbol
and has no numeric value. A DEC-reserved operand has a
sign of 1 and a biased exponent of 0.

Destination Format

The format of the final result produced by the floating-point
ALU. The destination format can be IEEE floating point, DEC
floating point, or integer.

Final Result

The result produced by the floating-point ALU.
Fraction

The 23 ieast-significant bits of the mantissa.
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Infinitely Precise Resuit

The result that would be obtained from an operation if both
exponent range and precision were unbounded.

Input Operands

The value or values on which an operation is performed. For
example, the addition 2 + 3 = 5 has input operands 2 and 3.

Mantissa

The portion of a floating-point number containing the number's
significant bits. For the floating-point number 1.101 x 2'3, the
mantissa is 1.101.

NAN (Not-a-Number)

An IEEE floating-point number that is interpreted as a symbol
and has no numeric value. A NAN has a biased exponent of
25540 and a non-zero fraction.

Port
Data input or output channe! for the floating-point ALU.
Projective Mode

One of two modes affecting the handling of operations on
infinities — see the Operations with Infinities section under
Operation in IEEE Mode.

Rounded Resuit

The result produced by rounding the infinitely precise resuit to
fit the destination format.

True Exponent (or Exponent)

Number representing the power of two by which a fioating-
point number's mantissa is to be multiplied. For the floating-
point number 1.101 x 273, the true exponent is -3.

FUNCTIONAL DESCRIPTION
Architecture

The Am29C325 comprises a high-speed, floating-point ALU, a
status flag generator, and a 32-bit data path.

Floating-Point ALU

The floating-point ALU performs 32-bit floating-point opera-
tions. It also performs fioating-point-to-integer conversions,
integer-to-floating-point floating-point conversions, and con-
versions between the IEEE and DEC formats. The ALU has
two 32-bit input ports, R and S, and a 32-bit output port, F.

Conceptually, the process performed by the ALU can be
divided into three stages (see Figure 1). The operation stage
performs the arithmetic operation selected by the user; the
output of this section is referred to as the infinitely precise
result of the operation. The rounding stage rounds the
infinitely precise result to fit in the destination format; the
output of this stage is called the rounded result. The last stage
checks for exceptional conditions. if no exceptional condition
is found, the rounded result is passed through this stage. If
some exceptional condition is found (e.g., overtiow, underfiow,
or an invalid operation), this section may replace the rounded
result with another output, such as + %, -2, a NAN. or a DEC-

reserved operand. The output of this last stage appears on
port F and is called the final result.

OPERAND R OPERAND S
R s

OPERATION STAGE
(PERFORMS SELECTED OPERATION)

~a——— INFINITELY PRECISE RESULT

ROUNDING STAGE
(ROUNDS INFINITELY PRECISE
RESULT)

ROUNDED RESULT

EXCEPTION STAGE
{CHECKS FOR UNUSUAL CONDITIONS)

F

FINAL RESULT
AF004540

Figure 1. Conceptual Model of the Process
Performed by the Floating-Point ALU

The ALU performs one of eight operations; the operation to be
performed is selected by placing the appropriate control code
on lines ig—-ip. Table 1 gives the control codes corresponding
to each of the eight operations.

The floating-point addition operation (R PLUS S) adds the
fioating-point numbers on ports R and S and places the
floating-point resutt on port F. in IEEE mode (IEEE/
DEC = HIGH) the addition is performed in IEEE floating-point
format; in DEC mode (IEEE/DEC =LOW) the addition is
performed in DEC format.

The floating-point subtraction operation (R MINUS S) sub-
tracts the floating-point number on port S from the fioating-
point number on port R and places the floating-point result on
port F. In IEEE mode (IEEE/DEC = HIGH) the subtraction is
performed in IEEE floating-point point format; in DEC mode
(IEEE/DEC = LOW) the subtraction is performed in DEC
format.

The floating-point multiplication operation (R TIMES S) multi-
plies the floating-point numbers on ports R and S and places
the floating-point result on port F. In IEEE mode (IEEE/
DEC = HIGH) the multiplication is performed in IEEE floating-
point format; in DEC mode (IEEE/DEC = LOW) the multiplica-
tion is performed in DEC format.

The floating-point constant subtraction (2 MINUS S} operation
subtracts the floating-point value on port S from 2 and places
the result on port F. The operand on port R is not used in this
operation; its value wili not affect the operation in any way. In
IEEE mode (IEEE/DEC = HIGH) the operation is performed in
IEEE floating-point format; in DEC mode (IEEE/DEC = LOW)
the operation is performed in DEC format. This operation is
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used to support Newton-Raphson floating-point division; a
description of its use appears in Appendix C.

The integer-to-floating-point conversion (INT-TO-FP) opera-

operand on port S is not used in this operation; its value will
not affect the operation in any way. In IEEE mode (IEEE/
DEC = HIGH) the result is delivered in IEEE format; in DEC

mode (IEEE/DEC = LOW) the result is delivered in DEC

tion takes a 32-bit, two's complement integer on port R and format.

places the equivalent floating-point value on port F. The

TABLE 1. ALU OPERATION SELECT

i2 14 lg Operation Output Equation

0 0 0 Fioating-point addition (R PLUS S) F=R+S

0 1 Floating-point subtraction (R MINUS S) F=R-8

0 1 0 Floating-point multiplication (R TIMES §) [F=R*S

o 1 1 Floating-point constant subtraction F=2-S
(2 MINUS S)

1 0 ¢ Integer-to-floating-point conversion F (floating-point) = R (integer)
(INT-TO-FP)

1 0 1 Fioating-point-to-integer conversion F (integer) = R (floating-point)
(FP-TO-INT)

1 3 0 IEEE-TO-DEC format conversion F (DEC format) = R (lEEE format)
(IEEE-TO-DEC)

1 1 1 DEC-TO-IEEE format conversion F (IEEE format) = R (DEC format)
(DEC-TO-IEEE)

The floating-point-to-integer conversion (FP-TO-INT) opera-
tion takes a floating-point number on port R and places the
equivalent 32-bit, two's complement integer value on port F.
The operand on port S is not used in this operation; its value
will not affect the operation in any way. In [EEE mode (IEEE/
DEC = HIGH) the operand on port R is interpreted using the
{EEE floating-point format; in DEC mode (IEEE/DEC = LOW)
it is interpreted using the DEC floating-point format.

The |EEE-t0-DEC conversion operation (IEEE-TO-DEC) takes
an |EEE-format floating-point number on port R and places the
equivalent DEC-format floating-point number on port F. The
operand on port S is not used in this operation; its value wili
not affect the operation in any way. The operation can be
performed in either IEEE mode (IEEE/DEC = HIGH) or DEC
mode (IEEE/DEC = LOW).

The DEC-to-IEEE conversion operation (DEC-TO-IEEE) takes
a DEC-format floating-point number on port R and places the
equivalent IEEE-floating-point number on port F. The operand
on port S is not used in this operation; its value will not affect
the operation in any way. The operation can be performed in
either IEEE mode (IEEE/DEC = HIGH) or DEC mode (IEEE/
DEC = LOW).

Status Flag Generator

The status flag generator controis the state of six flags that
report the status of floating-point ALU operations. The flags
indicate when an operation is invafid {e.g., o times 0) or when
an operation has produced an overflow, an underflow, a non-
numerical result (e.g., a NAN- or DEC-reserved operand}, an
inexact result, or a result of zero. The flags represent the
status of the most recently performed operation. Flag status is
stored in the flag status register on the LOW-to-HIGH transi-
tion of CLK. When the output register feedthrough control FT4
is HIGH, the flag status register is made transparent.

Data Path

The 32-bit data path consists of the R and S input buses; the F
output bus; data registers R, S, and F; the register R input
multiplexer; and the ALU port S input multiplexer.

Input operands enter the floating-point processor through the
32-bit R and S input buses, Rg-R31 and Sg—S3¢. Results of
operations appear on the 32-bit F bus, Fp—F31. The F bus
assumes a high-impedance state when output enabie OE is
HIGH.

The R and S registers store input operands; the F register
stores the final result of the floating-point ALU operation. Each
register has an independent clock enable (ENR, ENS, and
ENF). When a register's clock enable is LOW, the register
stores the data on its input at the LOW-to-HIGH transition of
CLK; when the clock enable is HIGH, the register retains its
current data. All data registers are fully edge-triggered — both
the input data and the register enable need only meet modest
setup and hold time requirements. Registers R and S can be
made transparent by setting FTg, the input register feed-
through control, HIGH. Register F can be made transparent by
setting FTq, the output register feedthrough control, HIGH.

The register R input multiplexer selects either the R input bus
or the floating-point ALU's F port as the input to register R.
Selection is controfied by 14 — a LOW selects the R input bus;
a HIGH selects the ALU F port. The ALU port S input
multiplexer selects either register S or register F as the input to
the floating-point ALU's S port. Selection is controlled by 13 —
a LOW selects register S; a HIGH selects register F.

Data selected by I3 and l4 is described in Table 2. When
registers R and S are transparent (FTp = HIGH), multiplexer
select 15 must be kept LOW, so that the register R input
multiplexer selects Rg-Rgq. When register F is transparent
(FT1 = HIGH), multiplexer select I3 must be kept LOW, so that
the ALU port S input multiplexer selects register S.

Am29C325
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TABLE 2. MUX SELECT

TABLE 3. 1/0 MODE SELECTION

Data selected for floating-point ALU S§ port

$16/32 | ONEBUS t/0 Mode

o] Register S

1 Register F

Data selected for register R input
0 R bus

1 Floating-point ALU port F

1/0 Modes

The Am29C325 datapath can be configured in one of three
1/0 modes: a 32-bit, two-input bus mode; a 32-bit, single-input
bus mode; and a 16-bit, two-input bus mode. These modes
affect only the manner in which data is delivered to and taken
from the Am29C325; operation of the floating-point ALU is not
altered. The I/O mode is selected with the ONEBUS and S16/
32 controls. Table 3 lists the control codes needed to invoke
each [/0 mode.

o] 0 32-bit, two-input-bus mode

0 1 32-bit, single-input-bus mode*
1 0 16-bit, two-input-bus mode*
1 1

Hlega! 170 mode selection value

*FTg must be held LOW in this mode (see text).

32-Bit, Two-input Bus Mode

In this 1/0 mode, the R and S buses are configured as
independent 32-bit input buses, and the F bus is configured as
a 32-bit output bus. Figure 2 is a functional block diagram of
the Am29C325 in this 1/0 mode.

R and S operands are taken from their respective input buses
and clocked into the R and S registers on the LOW-to-HiGH
transition of CLK. Register F is also clocked on the LOW-to-
HIGH transition of CLK. Figure 5a depicts typical 170 timing in
this mode.

ABus /- 32/

s BUS /] 22/ p”

Ro-Ray

e

321 s0-53

1 1 0

/ 21
O/ S Mux

R
o

REG R

el

M

CLK

CLK

1
s 1,

! R
ONEBUS (=LOW) CD—F—1—
- )
$16/32 (= LOW) D+—

FLOATING-POINT
A

s

1RV}
F

CLK — ¢

REG F

AmM29C325

32

Fo-Fa

/\/

80007051

Figure 2. Functional Biock Diagram for the 32-Bit, Two-input Bus Mode
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32-Bit, Single-Input Bus Mode

tn this 1/0 mode, the R and S buses are connected to a single
32-bit muitiplexed input data bus; the F bus is configured as an
independent 32-bit output bus. Figure 3 is a functional block
diagram of the Am29C325 in this I/O mode. Note that both the
R and S bus lines must be wired to the input bus.

R and S operands are multiplexed onto the input bus by the
host system. The S operand is clocked from the input bus into
a temporary holding register on the HIGH-to-LOW transition of
CLK and is transferred to register S on the LOW-to-HIGH

transition of CLK. The R operand is clocked from the input bus
into register R on the LOW-to-HIGH transition of CLK. Register
F is clocked on the LOW-to-HIGH transition of CLK. Figure 5b
depicts typical /O timing in this mode.

When placed in this 170 mode, the data path will not function
properly if the R and S registers are made transparent.
Therefore, input register feedthrough control FTg must be held
LOW in this mode.

32,
R.s BuUs /| — A
327 Ro-Ry, 32}/ So-Sa: v
—
\d |
' 1 0
s OO 21 REG
MUX 4
l |
R ¥
ENR CCD>—F~——t——t—OfEN - B
4 REG R aec s ENP— —— ] ENS
Kk o o 4 CLK
i 1
; —
. 1 \ !
0 v | 1
21§ 1 <3
MUX '
L — | i
!
\ i ¥ ‘
ONEBUS (= HIGH) [T 1 R S
FLOATING-POINT
e 1 ALy
$16/32 (2 LOW) [TO—A——1— £
)|
T
v ¥
ENF - - OfEN
CLK ———ts REG F
— ]
B L V4
Am29C325
32 32 fpo-F
FBus /|,—+~ S 1
BD007062
Figure 3. Functional Block Diagram for the 32-Bit, Single-Input Bus Mode
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16-Bit, Two-Input Bus Mode

In this 1/0 mode, the R and S buses are configured as
independent 16-bit input buses, and the F bus is configured as
a 16-bit output bus. Figure 4 is a functional block diagram of
the Am29C325 in this /0 mode. Note that the 16 least
significant bits (LSBs) and 16 most significant bits (MSBs) of
the R, S, and F buses must be wired to their respective system
buses in parallel.

Thirty-two-bit operands are passed along the 16-bit data
buses by time-multiplexing the 16 LSBs and 16 MSBs of each
32-bit word. For the R input bus, the host system multiplexes
the 16 LSBs and 16 MSBs of the R operand onto the 16-bit R
bus. The 16 LSBs of the R operand are stored in a temporary
holding register on the HIGH-to-LOW transition of CLK. The 16
MSBs are clocked into register R on the LOW-to-HIGH
transition of CLK; at the same time, the 16 LSBs are
transferred from the temporary holding register to register R.
Transfer of data from the S input bus to the S register takes
place in a similar fashion. Register F is clocked on the LOW-
to-HIGH transition of CLK. Circuitry internal to the Am29C325
multiplexes data from register F onto the 16-bit output bus by
enabling the 16 LSBs of the F output bus when CLK is HIGH
and enabling the 16 MSBs of the F output bus when CLK is
LOW. Figure 5¢ depicts typical 1/O timing in this mode.

When placed in this I/0 mode, the data path will not function
properly it the R and S registers are made transparent.
Therefore, input register feedthrough control FTo must be held
LOW in this mode. Caution must also be taken in controlling
the register R input multiplexer control line, l4, in this 1/0
mode. 4 should be changed only when CLK is HIGH, in

addition to meeting the setup and hoid time requirements
given in the Switching Characteristics section.

Operation in IEEE Mode

When input signal IEEE/DEC is HIGH, the IEEE mode of
operation is selected. in this mode the Am29C325 uses the
floating-point format set forth in the IEEE Proposed Standard
for Binary Floating-Point Arithmetic, P754. In addition, the
IEEE mode complies with most other aspects of single-
precision floating-point operation outlined in the proposed
standard — differences are discussed in Appendix A.

IEEE Floating-Point Format

The IEEE singie-precision floating-point word is 32 bits wide
and is arranged in the format shown in Figure 6. The floating-
point word is divided into three fields: a single-bit sign, an 8-bit
biased exponent, and a 23-bit fraction.

The sign bit indicates the sign of the floating-point number's
value. Non-negative values have a sign of 0; negative values,
a sign of 1. The value zero may have either sign.

The biased exponent is an B-bit unsigned integer field repre-
senting a multiplicative factor of some power of two. The bias
value is 127. If, for example, the multiplicative factor for a
floating-point number is to be 22 the value of the biased
exponent would be a +127; ""a" is called the true exponent.

The fraction is a 23-bit unsigned fraction field containing the
23 LSBs of the floating-point number's 24-bit mantissa. The
weight of fraction’s MSB is 2~ ' the weight of the LSB is 2723

16,
asus .

4
Y

seus 7 16 18 8y 6y
Rig Ry ARG R1s 818831485815
1
A—C) &S
ks cLK
ENR !
e N
cLK
0] S
ONEBUS (=LOW) FLOATING-POINT
_ ALY
$16/32 (= HIGH) F
_ 1
— 1,
N O/ EN eGE
cLK
16 MSBs /16 LSBs 32
K —— X7
I s i A
oF [OO— -
Am29C325
6 ey
16 Fis-Fay (AL
raus /|—+ A
BD007071

Figure 4. Functional Block Diagram for the 16-Bit, Two-Input Bus Mode
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A foating-point number is evaluated or interpreted per the
following conventions:

let s = sign bit
e = biased exponent
f = fraction

it e=0 and f=0..value = (-1)5*(0) (+0, -0)
if @=0 and f# 0...value = denormalized number
if 0<e < 255.value = (- 1)5*(22~ 127)*(1 f)
(normalized number)
if =255 and f=0..value = (-1)5*(0) {+ o, —)
if @ =255 and f # 0..value = not-a-number (NAN)
Zero: The value zero can have either a positive or negative

sign. Rules for determining the sign of a zero produced by an
operation are given in the Sign Bit section.

Denormalized Number: A denormalized number represents a
quantity with magnitude less than 2 '<° but greater than zero.

Normalized Number: A normalized number represents a
quantity with magnitude greater than or equal to 27126 pyt
less than 2128,

Example 1:

The number + 3.5 can be represented in floating-point
format as follows:

+35=111,x2°0
=111px2!

sign=0
biased exponent =149+ 12710 = 12819
= 100000002
fraction = 11000000000000000000000,
(the leading 1 is implied in the format)

Concatenating these fields produces the floating-point word
4060000046.

Am29C325
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= XXXXXXXXXX = XXX

o XAXXXXXXXAX = XXXX

a) 32-Bit, Two-input-Bus Mode

WF023730

o —l
e XXXX = XXXX = XXX

FBUS x £ DATA X

b) 32-Bit, Single-input-Bus Mode

o _] _—
e XXXKK o XXX X o XXX

c) 16-Bit, Two-input-Bus Mode

WF023740

WF023750

Figure 5. Typical Bus Timing for the 1/0 Modes with FTg = LOW, FT{ = LOW
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SIGN BIASED
BIT (S) EXPONENT (E) FRACTION (F)
——
BITNUMBER: 31 30 20 28 27 26 25 24 23 22 21 20 19 18 4 3 2 1 ¢

A

T T T T T
l I 27 26 6 24 20
1 P TR |

T 1 i 1 1 I 1
22 21 20 |21 222 2-3 -4 -5
TS T | I D R A |

L4

¥ 1 1 ¥ !
ves 2-19 2-20 2-21 9-22 5-23
1 1 [ |

VALUE = (-1)S (26-127) (1.F)

TB000640

Figure 6. IEEE Mode Single-Precision Floating-Point Format

Example 2:

The number -11.375 can be represented in floating-point
format as follows:

-11.375 = - 1011.0115x 20
= -1.011011,x 23

sign =1
biased exponent = 319 + 12710 = 13010
= 100000102

fraction = 011011000000000000000002
(the leading 1 is implied in the format)

Concatenating these fields produces the floating-point word
C1360000+6.

Infinity: Infinity can have either a positive or negative sign.
The way in which infinities are interpreted is determined by the
state of the projective/affine mode select, PROJ/AFF.

Not-a-Number: A not-a-number, or NAN, does not represent
a numeric value but is interpreted as a signal or symbol. NANs
are used to indicate invalid operations and as a means of
passing process status information through a series of calcula-
tions. NANs arise in two ways: 1) they can be generated by the
Am29C325 to indicate that an invalid operation has taken
place (e.g.,  x 0), or 2) be provided by the user as an input
operand. There are two types of NANs, signalling and quiet
(see Figure 7 for formats).

|IEEE Mode Integer Format

Integer numbers are represented as 32-bit, two's complement
words (Figure 8 depicts the integer format). The integer word
can represent a range of integer values from -3 p 2%,

SIGN BIASED
BIT EXPONENT FRACTION
-

31 30 20 28 27 26 25 26 23 22 21 20 19 18

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SIGNALLING NAN rl]‘ L IS S B B B | |l*| X X x X

X X X X X X X X X X X X X X X X X

3 30 29 28 27 26 25 24 23 22 2 20 19

18 17 16 15 14

912 11w 9 8 7 6 5 4 3 2 1 [

QUIET NAN [X]l 1 1 1 1 1 1 1]0 X X X X

X X X X X X x X X x X X X X X X X

X = DON'T CARE

AT LEASY ONE OF THE
TWENTY-TWO LSBs OF A QUINET NAN
MUST BE t
TBO00650
Figure 7. Signalling and Quiet NAN Formats
BIT NUMBER: i 0 29 28 27 2 25 24 . 8 7 6 5 4 3 2 1 [}
Tt .t 1. 1T 1T T 1 v T 1 .1 1
I—z" 230 220 228 327 226 225 o4 eoe 28 27 26 25 24 23 22 21 2P0
| Sl Tl S S el Sl S | y A N P TRl T Tl I |
TBO00660

Figure 8. 32-Bit Integer Format

Operations

All eight floating-point ALU operations discussed in the
Functional Description section can be performed in IEEE
mode. Various exceptional aspects of the R PLUS S, R MINUS
S, R TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT
operations for this mode are described below. The IEEE-TO-
DEC and DEC-TO-IEEE operations are discussed separately
in the IEEE-TO-DEC AND DEC-TO-IEEE Operations section.

Operations with NANs: NANSs arise in two ways: 1) they can
be generated by the Am29C325 to indicate that an invalid
operation has taken place (e.g., ® x 0), or 2) be provided by
the user as an input operand. There are two types of NANs,
signalling and quiet (see Figure 7 for formats).

Signalling NANs set the invalid operation flag when they
appear as an input operand to an operation. They are useful
for indicating uninitialized variables, or for implementing user-
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designed extensions to the operations provided. The ALU
never produces a signalliing NAN as the final result of an
operation.

Quiet NANs are generated for invalid operations. When they
appear as an input operand, they are passed through most
operations without setting the invalid flag, the fioating-point-to-
integer conversion operation being the exception.

The sign of any input operand NAN is ignored. All quiet NANs
produced as the final result of an operation have a sign of 0.

When a NAN appears as an input operand, the final result of
the operation is a quiet NAN that is created by taking the input
NAN and forcing bit 22 LOW and bit 21 HIGH. If an operation
has two NANs as input operands, the resulting quiet NAN is
created using the NAN on the R port.

When a quiet NAN is produced as the final result of an invalid
operation whose input operand or operands are not NANs, the
resulting NAN will always have the vailue 7FA000004¢.

The NAN flag will be HIGH whenever an operation produces a
NAN as a final result.

Example 1:

Suppose the floating-point addition operation is performed
with the following input operands:

R port: 3F8000004¢ (1.0*29)
S port: 7FC123454¢ (signalling NAN)

Result: The signalling NAN on the S port is converted to a
quiet NAN by forcing bit 22 LOW and bit 21 HIGH.
The operation’s final result will be 7FA123456.
Since one of the two input operands is a signalling
NAN, the invalid flag will be HIGH; the NAN flag wilt
also be HIGH.

Example 2:

Suppose the floating-point multiplication operation is per-
formed with the following input operands:

R port: FFF111114¢ (signalling NAN)
S port: 7FC222221¢ (quist NAN)

Result: Since both input operands are NANs, the NAN on
the R port is chosen for output. In addition to forcing
bit 22 LOW, the sign bit (bit 31) is set LOW (bit 21 is
already HIGH, and need not be changed). The
operation's final result will be 7FB111114¢. Since
one of the two input operands is a signalling NAN,
the invalid flag is HIGH; the NAN flag will also be
HIGH.

Example 3:

Suppose the floating-point subtraction operation is per-
formed with the following input operands:

R port: FF8000011g (quiet NAN)
S port: 7F8000001¢ ( + =)

Result: To create the final result, the quiet NANs sign bit (bit
31) is forced LOW and bit 21 is forced HIGH (bit 22
is already LOW, and need not be changed). The final
result will be 7FA000014g. The NAN flag will be
HIGH.

Operations with Denormalized Numbers: The proposed
IEEE standard incorporates denormalized numbers to allow a
means of gradual underflow for operations that produce non-
zero results too small to be expressed as a normalized
floating-point number. The Am29C325 does not support
gradual underflow. If a floating-point operation produces a
non-zero rounded result that is not large enough to be
expressed as a normalized floating-point number, the final

result will be a zero of the same sign; the inexact, underflow,
and zero flags will be HIGH. If an input operand is a
denormalized number, the floating-point ALU wili assume that
operand to be a zero of the same sign.

Operations Producing Overflows: If an operation has a finite
input operand or operands and if the operation produces a
rounded result that is too large to fit in the destination format,
the operation is said to have overflowed.

A floating-point overflow occurs if an R PLUS S, RMINUS S, R
TIMES S, or 2 MINUS S operation with finite input operand(s)
produces a result which, after rounding, has a magnitude
greater than or equal to 2128 positive or negative infinity wilt
appear as the final result if the rounded result is positive or
negative, respectively, and the overflow and inexact flags wili
be HIGH.

integer overflow occurs when the floating-point-to-integer
conversion operation attempts to convert a number which,
after rounding, is greater than 2°' - 1 or less than -2%1 The
final resull will be quiet NAN 7FAQ000C4g, and the invalid
operation and NAN flags will be HIGH. Note that the overflow
and inexact flags remain LOW for integer overflow.

Operations Producing Underflows: |f an operation produces
a floating-point rounded result having a magnitude too small to
be expressed as a normalized floating-point number but
greater than zero, that operation is said to have underfiowed.
Underflow occurs when an R PLUS S, R MINUS S, or R
TIMES S operation produces a result which, after rounding,
has a magnitude in the range:

0 < magnitude < 27126

In such cases, the final result will be +0 (000000004¢) if the
rounded result is non-negative and -0 (80000000+¢) if the
rounded result is negative. The underflow, inexact, and zero
flags will be HIGH.

Underfiow does not occur if the destination format is integer. If
the infinitely precise resuit of a floating-point-to-integer con-
version has a magnitude greater than 0 and less than 1 but the
rounded result is 0, the underflow flag remains LOW.

Operations with Infinities: In most cases, positive and
negative infinity are valid inputs for the R PLUS S, R MINUS S,
R TIMES S, and 2 MINUS S operations. Those cases for which
infinities are not valid inputs for these operations are listed in
Table 4.

Infinities in IEEE mode can be handled either as projective or
affine. The projective mode is selected when PROJ/AFF is
HIGH; the affine mode is selected when PROJ/AFF is LOW.
The only differences between the modes that are relevant to
Am29C325 operation occur during the addition and subtrac-
tion of infinities:

Affine
Operation Mode Projective Mode
(+9°) + {(+ =) | Output + e Output 7FA000001¢
(quiet NAN), set invalid and
NAN flags
(=9°) + (~20) | Output -e |Output 7FA000001¢
(quiet NAN), set invalid and
NAN flags
(+ %) —(-29) | Output + o0 {Output 7FA000001¢g
{quiet NAN), set invalid and
NAN fiags
(-9°) — (+°°) | Output -oo [Output 7FA000004¢
(quiet NAN), set invalid and
NAN flags
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Iif an R PLUS S, R MINUS S, or 2 MINUS S operation has
infinity as an input operand or operands, the final result, if
valid, is presumed to be exact. For example, adding +° and
2.0 will produce a final result of +°°; since the result is
considered exact, the inexact flag remains LOW.

Invalid Operations: if an input operand is invalid for the
operation to be performed, that operation is considered
invalid. When an invalid operation is performed, the floating-
point ALU produces a quiet NAN as the final result and the

Operations +0 + (-0} and -0 + (+0) produce a result of 0,
with the sign of the result determined by the table above.

The operation +0 + (+0) produces a final resuit of +0; the
operation -0 + (-0) produces a final result of ~0.

R MINUS S: The operations + x ~ {+ x) and —x - (-x) produce a
final result of zero; the sign of the zero is dependent on the
rounding mode:

Notes: 1. These cases are invalid in projective mode only.
2. Resuits for these operations are described in the Operations
with NANs section.

The Sign Bit

For most floating-point operations, the sign bit of the final
result is unambiguous; i.e., there is only one sign bit value that
yields a numerically correct resutt. Operations that produce an
infinitely precise result of zero, however, present a probiem, as
the IEEE floating-point format allows for representation of both
+0 and -0. The following rules can be used to determine the
signs of zero produced in such cases.

R PLUS S: The operations +x + (~x) and -x + (+x) produce a
final result of zero; the sign of the zero is dependent on the
rounding mode:

invalid operation flag goes HIGH. Table 4 lists the cases for Rounding Mode Sign of Result
which the invalid flag is HIGH in IEEE mode and the final Round to nearest 0
results produced for these operations.
Round toward —o° 1
TABLE 4. IEEE MODE INVALID OPERATIONS
Round toward + o 0
Operation Input Operand Final Result Round toward 0 0
R PLUS S (+99) + (-9) 7FA000001¢
or (—o) + (+ ) (quiet NAN) Operations +0 - (+0) and -0 - (-0) produce a result of 0, with
i f t t i th .
R PLUS S (+09) + (+9) 7FAGO00016 the sign of the result determined by the table above.
or (-2 +(-*°) (Note 1) |(quiet NAN) The operation +0 - (-0) produces a final result of +0; the
R MINUS S (+ o) = (+ ) 7FA000001¢ operation ~0 - (+0) produces a final result of -0.
or =) -=) (quist NAN) R TIMES S: The sign of any multiplication result other than a
R MINUS S (+ 0) ~ (~°) 7FA000001¢ NAN is the exclusive OR of the signs of the input operands.
or (-=°) - (+°) (Note 1) |(quiet NAN) Therefore, if x is non-negative,
. +0 times +x produces a final result of +0,
R TIMES S (+0) R (+ ) 7FAOOOOO16 +0 times ~x produces a final result of -0,
or (+0)* (-0} (quiet NAN) N .
or (<0) * (+°9) -0 t!mes +x produces afflnal resullt off -0,
or (~0) * {~%) -0 times -x produces a final result of +0.
R PLUS S R or S is a signalling (Note 2) 2 MINUS S: If S equals 2, the final result is -0 for the round
R MINUS S [NAN toward - mode and +0 for all other rounding modes.
R TIMES S Rounding
2 MINUS S |S is a signailing NAN (Note 2)
- - - Rounding is performed whenever an operation produces an
FP-TO-INT  |R is a signalling or (Note 2) infinitely precise result that cannot be represented exactly in
quiet NAN the destination format. For example, suppose a floating-point
FP-TO-INT R>2%31_1 7FA00000+g operation produces the infinitely precise result:
or R< -(2%") {quiet NAN)
1.10101010101010101010101\01 x 23,

In this example, the fraction portion of the mantissa has 25
bits; the IEEE fipating-point format can accommodate only 23.
The backslash (\) in the mantissa represents the boundary
between the first 23 bits of the fraction and any remaining bits.
Rounding is the process by which this result is approximated
by a representation that fits the destination format.

There are four rounding modes in IEEE mode: 1) round to
nearest, 2) round toward +°°, 3) round toward -<°, and 4)
round toward 0. The rounding mode is chosen using the
rounding mode setect lines, RNDp and RND+. Table 5 lists the
select states needed to obtain the desired rounding mode.

TABLE 5. ROUNDING MODE SELECT

Rounding Mode Sign of Final Result RND4 RNDg Rounding Mode
Round to nearest 0 0 Round to nearest
Round toward —o° 1 1 Round toward -°
Round toward + 0 1 0 Round toward +°°
Round toward 0 0 1 1 Round toward 0
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Round to Nearest: In this rounding mode the infinitely precise Example 2:
result of an operation is rounded to the closest representation

that fits in the destination format. if the infinitely precise result n Figure 9(b), the infinitely precise result of an operation is

is exactly haifway between two representations, it is rounded 220 o448

to the representation having an LSB of zero. Rounding is 1.11111111111111111111111\0001 x 21°

;Jerfortmed both for fioating-point and integer destination This result is rounded to the closest representable fioating-
ormats. point vaiue,

Figure 9 llustrates four exgmples of the roynd-to-qearfest 220 _o=4 4 11111111111111111111111 x 219

process for operations having a floating-point destination

format. The infinitely precise result of an operation is repre- Example 3:

sented by an ''X"’ on the number line; the black dots on the
number line indicate those values that can be represented

exactly in the floating-point format. -(220 +273+ 274
= - 1.00000000000000000000001\1 x 22°

In Figure 9(c), the infinitely precise result of an operation is:

Example 1:
X L i o This result is exactly haifway between two representable
In Figure 9(a), the infinitely precise result of an operation is: floating-point values. Accordingly, it is rounded to the
220 4 o-4 4 2-5 = 1,00000000000000000000000\11 x 220 closest representation with an LSB of zero, or
The result is rounded to the closest representable floating- -(229+ 2°273) = - 1.00000000000000000000010 x 220
point value, Example 4:
20 -3 = 20
277+ 277 = 1.000000000006006000000001 x 2 In Figure 9(d), the infinitely precise result of an operation is:

220 + 3+2-3 = 1,00000000000000000000011 x 220

This result can be represented exactly in the floating-point
format, and is left unaltered by the rounding process.

220 - 2-4 ROUND TO 22¢ + 2-3

—(220 _ 3+ 2-4
(220 - 274 _\i 220 J 3. 2-4 1 r)
° o - - l o S A 1 ° o x

T i | - LI - i - ] 1
-2 4+ 3+ 273 -(220 4+ 273 | —(2%0 - 2274 [ 220 - 2-274 | 220 4 273 | 2% 43273
(220 4+ 2+ 273 —(220) a) 220 220, 2-2-3
ROUND TO 220 - 2-4 290, 274, 275
- Py o oo o ° ° ° o
° 20 ‘4 8
220 - 2~ -
ROUND TO - (220 -+ 273) b) N
- & x P - & P A | Al & o o &
& V T >
4 o
_(220 4 273 4 274 o) NO CHANGE
B . & & . & . A l A . r. r. . . .
el 14 T LAumen o
° 3
d) 220 4 3273

AF004550

Figure 9. Floating-Point Rounding Examples for Round-to-Nearest Mode
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Figure 10 illustrates four examples of the round-to-nearest
process for operations having an integer destination format.
The infinitely precise result of an operation is represented by
an "X on the number line; the black dots on the number line
indicate those values that can be represented exactly in the
integer format.

Example 1:
In Figure 10(a), the infinitely precise result of an operation is:
210_272200..001111111111.11

The result is rounded to the closest representable integer
value,

210 = 50...010000000000

Example 2:
In Figure 10(b), the infinitely precise result of an operation is:
210 4 20 + -3 = 00...010000000001.001

This result is rounded to the closest representable integer
value,

210 4+ 20 = 00...010000000001

Example 3:
in Figure 10(c), the infinitely precise result of an operation is:
@0+ 20 4+ 27 1) = —11..101111111110.1

This result is exactly halfway between two representable
integer values. Accordingly, it is rounded to the closest
representation with an LSB of zero, or

-0+ 2+2% = 11..101111111110

Example 4:
In Figure 10(d), the infinitely precise result of an operation is:
210 4+ 320 = 00...010000000011

This result can be represented exactly in the integer format
and is left unaitered by the rounding process.

ROUND TO 210
& v v ®
] ] ] i I N t ] ] ] t
~204+3)  -@90+2 -@9+1) -@'% -@0 -1 °) 20 _ ( 210 210,49 2104 2 M., 3
2l
2% -2 pouNpTO 21 + 1
- ° ® - A { A . o o -
* - > y
o [
ROUND TO -(2'0 + 2} b) 210 4 204 2-3
[\ o o Al A ° o o ° o
- x - e R LANEE
! 0
—(2%0 + 20 + 27Y) o) NO CHANGE
4. & . e B A l A - e & . O
L4 1 L4 ® *_.
o '
) 204 3- 20
AF004560

Figure 10. Integer Rounding Examples for Round-to-Nearest Mode
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Round Toward -°°: In this rounding mode the result of an
operation is rounded to the closest representation that is less
than or equal to the infinitely precise result and which fits the
destination format. Rounding is performed both for floating-
point and integer destination formats.

Figure 11 illustrates four examples of the round toward -
process for operations having a floating-point destination
format. The infinitely precise result of an operation is repre-
sented by an "X’ on the number line; the black dots on the
number line indicate those values that can be represented
exactly in the floating-point format.

Example 1:
In Figure 11(a), the infinitely precise result of an operation is:
220 + 24 4+ 275 = 1,00000000000000000000000\11 x 220

This result cannot be represented exactly in floating-point
format and is rounded to the next-smaller floating-point
representation:

220 = 1,00000000000000000000000 x 220
Exampie 2:

In Figure 11(b), the infinitely precise result of an operation is:

R
1A1T1111119111111111111\0001 x 219

This result cannot be represented exactly in floating-point
format and is rounded to the next-smaller floating point
representation:

220 24— 1ttt 111111 x 219
Example 3:
In Figure 11(c), the infinitely precise result of an operation is:
—eP 42734274 =
~1.00000000000000000000001\1 x 220

This result cannot be represented exactly in floating-point
format and is rounded to the next-smaller floating-point
representation.

-(220 + 2*273) = _1,00000000000000000000010 x 220
Example 4:

In Figure 11(d), the infinitely precise result of an operation is:

220 4 3+2~3 = 1,00000000000000000000011 x 220

This result can be represented exactly in the floating-point
format and is left unaltered by the rounding process.

—(220 _ 3. 32— -
@0 - 3274 220274 ROUND 10 220
—@® - 2_‘)1 23 p4 [_\
— T L, MU
!
-2+ 30279 -(2204 273 | @0 -2027Y o 220 - 2274 I 2204 273 2243273
~(@20 4 27 2-3) —(22% a) 220 220 4 2+ 273
ROUND TO 220 - 2-4 220 4 3-4 4 2-5
° ° . ° o ° Ad A o o ° . °
- g T Y
[} [}
20 _ 5- -8
ROUND TO -(220 + 2 2~ b) 2 274+ 2
o - ° N o o——ao o °
> - —x Vie—p—v g - -—
[}
—(220 4273+ 274 NO CHANGE
c) o
. & . B . . Pl A . . . . &>
L4 | | L *‘ —
[
220 4 3+ 2-3
d)
AF004510

Figure 11. Floating-Point Rounding Examples for Round Toward - Mode
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Figure 12 illustrates four examples of the round toward -
process for operations having an integer destination format.
The infinitely precise result of an operation is represented by
an ""X'* on the number line; the black dots on the number fine
indicate those values that can be exactly represented in the
integer format.

Example 1:
In Figure 12(a), the infinitely precise result of an operation is:
210_2-2-00..001111111111.11

The result is rounded to the next-smailer representable
integer value,

210_20<00..001111111111

Example 2:
In Figure 12(b), the infinitely precise result of an operation is:
210 + 20 4 -3 = 00...010000000001.001

This result is rounded to the next-smaller representable
integer value,

210 4+ 20 = 00...610000000001

Example 3:
In Figure 12(c), the infinitely precise result of an operation is:
219+ 20 + 271y = 11..101111111110.1

This result is rounded to the next-smalier representable
integer value:

210+ 2+2% = 11..101111111110

Example 4:
in Figure 12(d), the infinitely precise result of an operation is:
210 4 3+20 = 00...010000000011

This result can be represented exactly in the integer format
and is unaitered by the rounding process.

ROUND TO 210 — 1

A 1 F o °

° o ° o A ] y
] ] { I ] ! ] i ! I ]
-@9¥ 43 -@0+2 @0+ —{210 AL} °) 210 -4 ( 210 204 210+ 2 210 4+ 3
a
29 -2"2 gouUND 102 + 1
- - o o o Al A . . C,\x ° °
et d 14 T Y
°
ROUND TO (210 + 2) b) 2104 20+ 2-3
[\ . o Al A o o o . o
—0—0——* * L g Vi—t— - &
°
@10+ 20 4 271 <) NO CHANGE
. . P - &- A l A y. & v & O
L4 1 Y @ *__
o '
d) 210, 320
AF004580
Figure 12. Integer Rounding Examples for Round Toward - Mode
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Round Toward +°<: In this rounding mode the result of an
operation is rounded to the closest representation that is
greater than or equal to the infinitely precise result and which
fits the destination format. Rounding is performed both for
floating-point and integer destination formats.

Figure 13 illustrates four examples of the round toward +
process for operations having a floating-point destination
format. The infinitely precise result of an operation is repre-
sented by an ""X"' on the number line; the black dots on the
number line indicate those values that can be represented
exactly in the floating-point format.

Example 1:
in Figure 13(a), the infinitely precise result of an operation is:
220 4 274 4+ 275 = 1,00000000000000000000000\11 x 220

This result cannot be represented exactly in floating-point
format and is rounded to the next-larger floating-point
representation:

220 + 2-3 = 1,00000000000000000000001 x 220
Example 2:

In Figure 13(b}, the infinitely precise result of an operation is:

220 244978
L11111111111111111111111\0001 x 21

This result cannot be represented exactly in floating-point
format and is rounded to the next-larger floating point
representation:

220 = 1,00000000000000000000000 x 220
Example 3:
In Figure 13(c), the infinitely precise result of an operation is:
~(@0 42731274 =
-1.00000000000000000000001\1 x 220

This result cannot be represented exactly in floating-point
format and is rounded to the next-larger floating-point
representation.

~(220 + 273) = - 1.0000000000000000000001 x 220
Example 4:
In Figure 13(d), the infinitely precise result of an operation is:
220 4 3+2-3 = 1,00000000000000000000011 x 220,

This resuit can be represented exactly in the floating-point
format -— no rounding takes piace.

-(20 -3 274

ROUND TO 220 4+ 2-3
(2% - 274 1 220 3274 —l
s N i B - .
i 4 ] | | t
-9+ 3279 ~(220 + 2-3) l (22 - 2274 [ 220 _ 2 2-¢ | 2% 4 2-3 I 2% 43273
~@%+2° 279 -(2%9) a) 2 22042273
ROUND TO 23°q 220, 2-4 4 2-5
.- °. o . ° T % /— - * o o .
°
AOUND T0 220 + 2-3 b) 220~ 274 28
xq S o & o | A o o o
. v e — ®
°
—(220 + 273 + 274 NO CHANGE
c)
& . . £ & A l A & & . & B
. 2 Vit
0
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Figure 13. Floating-Point Rounding Examples for

Round Toward +° Mode
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Figure 14 illustrates four examples of the round toward +o°
process for having an integer destination format. The infinitely
precise result of an operation is represented by an X" on the
number line; the black dots on the number line indicate those
values that can be exactly represented in the integer format.

Example 1:
In Figure 14(a), the infinitely precise result of an operation is:
210_2-2-00..001111111111.11

The result is rounded to the next-larger representable
integer value,

210 = 00...010000000000

Example 2:
in Figure 14(b), the infinitely precise result of an operation is:
210 + 20 4 273 = 00...010000000001.001

This result is rounded to the next-larger representable
integer value,

210+ 2+20 = 00...010000000010

Example 3:
In Figure 14(c), the infinitely precise result of an operation is:
2%+ 20+ 27 ) = 1110111111110

This result is rounded to the next-larger representable
integer value:

2104+ 20 = 11..1011111111110

Example 4:
In Figure 14(d), the infinitely precise result of an operation is:
210+ 3+20 = 00...010000000011

This result can be represented exactly in the integer
format — no rounding takes place.

ROUND TO 210

° ° ° ° PR A - - ° o
1 i 1 ] 1 4 T \ 1 N " |
@043  ~@0+2) -0+ 1) —(219) —2%0 - 1y ° 20 -4 ( 210 210 4 4 210 4 2 21043
a -
) 210-272 ROUND TO 210 + 2
° 1 o
> - . v—4 A . -} o
o
ROUND TO —(2%0+ 1) b) 210 4 20 4 2-3
& /-\ & &- A l . & . & .
@ ~—Y—e * > V—1" -
} o
—210 4 20+ 27% NO CHANGE
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14 T 14
[}
2104320
d)
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Figure 14. Integer Rounding Examples for Round Toward +<°

Mode
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Round Toward 0: in this rounding mode the result of an
operation is rounded to the closest representation whose
magnitude is less than or equat to the infinitely precise result
and which fits the destination format. Rounding is performed
both for floating-point and integer destination formats.

Figure 15 illustrates four examples of the round toward 0
process for operations having a floating-point destination
format. The infinitely precise resuit of an operation is repre-
sented by an ''X"' on the number line; the black dots on the
number line indicate those values that can be represented
exactly in the floating-point format.

Example 1:
in Figure 15(a), the infinitely precise result of an operation is:

22040744 075
1.00000000000000000000000\1 1 x 220

This result cannot be represented exactly in floating-point
format and is rounded to:

220 = 1,00000000000000000000000 x 220

Example 2:

in Figure 15(b), the infinitely precise result of an operation is:
220 2744278
111111111111111111111111\001 x 212

This resuit cannot be represented exactly in floating-point
format and is rounded to:

220 274 S 1 M1 1111111111111 x 219
Example 3:
in Figure 15(c), the infinitely precise resuit of an operation is:
P23+ 279 =
-1.00000000000000000000001\1 x 220

This result cannot be represented exactly in floating-point
format and is rounded to:

-(220 + 2~% = _1,00000000000000000000001 x 220
Example 4:

In Figure 15(d), the infinitely precise resuit of an operation is:

220 4 3+2-3 = 1,00000000000000000000011 x 22°

This resuit can be represented exactly in the floating-point
format and is unaffected by the rounding process.

-(2% -3 274 20 - 274 ROUND TO 220
-(2%0 - 2-‘)-] ‘J 220 -3 2-'—] F
LSO S SN S SUDEE A B S RN SUR S
—(20 + 3279 -2+ 279 I -2 -2-274 0 2202274 l 220 4 2-3 2%, 3273
~(220 4+ 2+ 279 —(22% 8 2% 220 4 24273
AOUND TO 220 — 24 220 4 2-4 4 2-5
. B B - s &> A 1 A . . & . e & .
> - Vet <
° )
ROUND TO (220 + 2-3) ) et R
& o x & P ©. P A i . o o & o o
. > - YVt L > *
°
—(220 4+ 273 4+ 279 o NO CHANGE
o - . . o PR | A ® Ol o o
-———— e
at; 220 4 3°2-3
AF004610
Figure 15. Floating-Point Rounding Examples for Round Toward 0 Mode
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Figure 16 illustrates four examples of the round toward O
process for operations having an integer destination format.
The infinitely precise result of an operation is represented by
an "'X'" on the number line; the black dots on the number line
indicate those values that can be exactly represented in the
integer format.

Example 1:
In Figure 16(a), the infinitely precise result of an operation is:
219_2-2200...001111111111.11
The result is rounded to:
21020 - 00...001111111111

Example 2:
in Figure 16(b), the infinitely precise result of an operation is:
210 4+ 20 4+ 273 = 00...010000000001.001

The result is rounded to:
210 + 20 = 00...010000000001
Example 3:
In Figure 16(c), the infinitely precise result of an operation is:
20+ 2%+ 2= = 1110111111110
The result is rounded to:
210+ 20) = 1110111111111
Example 4:
In Figure 16(d), the infinitely precise result of an operation is:
210 4+ 3+2°% = 00...010000000011

This result can be represented exactly in the integer format
and is unaffected by the rounding process.
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Figure 16. Integer Rounding Examples
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for Round Toward 0 Mode

Flag Operation

The Am29C325 generates six status flags to monitor floating-
point processor operation. The following is a summary of flag
conventions in IEEE mode:

invalid Operation Flag: The invalid operation flag is HIGH
when an input operand is invalid for the operation to be
performed. Table 4 lists the cases for which the invalid
operation flag is HIGH in IEEE mode and the corresponding
final result. in cases where the invalid operation flag is HIGH,
the overflow, underflow, zero, and inexact flags are LOW, the
NAN flag will be HIGH.

Overflow Flag: The overflow flag is HIGH if an R PLUS §, R
MINUS S, R TIMES S, or 2 MINUS S operation with finite input
operand(s) produces a result which, after rounding, has a
magnitude greater than or equal to 2128 Tne final result wilt
be 4+ or —.

Undertlow Flag: The underflow flag is HIGH if an R PLUS S,
R MINUS S, or R TIMES S operation produces a result which,
after rounding, has a magnitude in the range:

0 < magnitude < 2~ 126,

The final result will be + 0 (000000004¢) if the rounded resuit is
non-negative and -0 (80000000+g) if the rounded result is
negative.

Inexact Flag: The inexact flag is HIGH if the final result of an
RPLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or
FP-TO-INT operation is not equal to the infinitely precise
result. Note that if the underflow or overfiow flag is HIGH, the
inexact flag wilt also be HIGH.

Zero Flag: The zero flag is HIGH if the final result of an
operation is zero. For operations producing an IEEE floating-
point number, the flag accompanies outputs +0 (000000001¢)
and -0 (800000004g). For operations producing an integer,
the flag accompanies the output 0 (0000000016).

NAN Flag: The NAN flag is HIGH if an R PLUS S, R MINUS S,
R TIMES S, 2 MINUS S, or FP-TO-INT operation produces a
NAN as a final resuit.

Operation in DEC Mode

When input signal IEEE/DEC is LOW, the DEC mode of
operation is selected. In this mode the Am29C325 uses the
single-precision floating-point format (floating F) set forth in
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Digital Equipment Corporation's VAX Architecture Manual. in
addition, the DEC mode complies with most other aspects of
single-precision floating-point operation outlined in the manu-
al — differences are discussed in Appendix B.

DEC Floating-Point Format

The DEC single-precision floating-point word is 32 bits wide
and is arranged in the format shown in Figure 17. The floating-
point word is divided into three fields: a singie-bit sign, an 8-bit
biased exponent, and a 23-bit fraction.

The sign bit indicates the sign of the floating-point number's
value. Non-negative values have a sign of 0, negative values a
sign of 1.

The biased exponent is an 8-bit unsigned integer field repre-
senting a multiplicative factor of some power of two. The bias
value is 128. If, for example, the multiplicative factor for a
floating-point number is to be 22, the value of the biased
exponent would be a +128; "'a"" is called the true exponent.

The fraction is a 23-bit unsigned fractional field containing the
23 LSBs of the floating-point number's 24-bit mantissa. The
weight of this field's MSB is 272; the weight of the LSB is 2~ 24,

A floating-point number is evaluated or interpreted per the
following conventions:
let s = sign bit

e = biased exponent

f = fraction

if e=0 and s=0..value=0

if e=0 and s = 1..value = DEC-reserved operand
if 0<e<255..value = (-1)5*(2°~ 128)*( 1)
{normalized number)

Zero: The value zero always has a sign of zero.

DEC-Reserved Operand: A DEC-reserved operand does not
represent a numeric value but is interpreted as a signal or
symbol. DEC-reserved operands are used to indicate invalid
operations and operations whose resuits have overflowed the
destination format. They may also be used to pass symbolic
information from one calculation to another.

Normalized Number: A normalized number represents a
quantity with magnitude greater than or equal to 2-128
less than 2127,

Exampie 1:

The number +3.5 can be represented in floating-point
format as follows:

+35=11.1,x2°
= 1115x 22

sign=0

biased exponent = 21g + 12840 = 1301p
= 100000102

fraction = 1100000060000000000000002
(the leading 1 is implied in the format)

Concatenating these fields produces the floating-point word
416000001¢.

Example 2:

The number —11.375 can be represented in floating-point
format as follows:

-11.375=-1011.0113x 2°
=-.10110115x 24

sign=1
biased exponent = 419 + 12849 = 13249
= 100001002
fraction = 011011000000000000000002
(the teading 1 is implied in the format)

Concatenating these fields produces the floating-point word

C236000016.
DEC Mode Integer Format
DEC mode integer format is identical to that of the IEEE mode.
Integer numbers are represented as 32-bit, two's complement
words (Figure 8 depicts the integer format). The integer word
can represent a range of integer values from 2814923114,
Operations

All eight floating-point ALU operations discussed in the
General Description section can be performed in DEC mode.

SIGN BIASED
BIT (S) EXPONENT (E) FRACTION (F)
——
BIT NUMBER: 31 3 28 28 27 26 25 24 23 21 20 18 18 4 3 2 1 ¢

1 1 1 1

¥ T T T 1 1 1 1 T 1 1 T
27 26 25 28 23 22 21 20 |g-2 2-3 2-4 -5 2-6 ces
el 1 ) 11 1 1

1 1 1 I 1
2-20 2-21 2-22 -2 2-24
1 L 1 i i

VALUE = (~1)S (2€-128) (.1F)

TB000671

Figure 17. DEC-Mode Floating-Point Format

Various exceptional aspects of the R PLUS S, R MINUS S, R
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations
for this mode are described below. The IEEE-TO-DEC and
DEC-TO-IEEE operations are discussed separately in the
IEEE-TO-DEC and DEC-TO-IEEE Operations section.

Operations with DEC-Reserved Operands: DEC-reserved
operands arise in two ways: 1) they can be generated by the
Am29325 to indicate that an invalid operation or floating-point

overflow has taken place, or 2) be provided by the user as an
input operand.

When a DEC-reserved operand appears as an input operand,
the final result of the operation is the same DEC-reserved
operand. If an operation has two DEC-reserved operands as
inputs, the DEC-reserved operand on the R port becomes the
final result.

The NAN flag will be HIGH whenever an operation produces a
DEC-reserved operand as a finai result.
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Example 1:

Suppose the fioating-point addition operation is performed
with the following input operands:

R port: 408000004 (0.172)
S port: 8001234546 (DEC-reserved operand)

Result: This operation produces the DEC-reserved operand
on the S port, 800123454g, as the final result. The
NAN flag will be HIGH.

Example 2:

Suppose the floating-point multiplication operation is per-
formed with the following input operands:

R port: 807654324¢ (DEC-reserved operand)
S port: 800000011¢ (DEC-reserved operand)

Result: Since both input operands are DEC-reserved oper-
ands, the operand on the R port, 807654321, is the
final result of the operation. The NAN flag will be
HIGH.

Operations Producing Overfiows: If an operation produces
a rounded result that is too large to fit in the the destination
format, that operation is said to have overflowed.

A floating-point overflow occurs if an RPLUS S, R MINUS S, R
TIMES S, or 2 MINUS S operation with finite input operand(s)
produces a result which, after rounding, has a magnitude
greater than or equal to 2'27 The final result in such cases will
be DEC-reserved operand 800000004¢; the overflow, inexact,
and NAN flags will be HIGH.

Integer overflow occurs when the "floating-point-to-integer”’
conversion operation attempts to convert to integer a floating-
point number which, after rounding, is greater than 2°' -1 or
less than —23'. The final result in such cases will be DEC-
reserved operand 800000001¢; the invalid operation flag will
be HIGH. Note that the overflow and inexact flags remain
LOW for integer overflow.

Operations Producing Underflows: if an operation produces
a floating-point result which, after rounding, has a magnitude
too small to be expressed as a normalized floating-point
number but greater than O, that operation is said to have
underflowed. Underflow occurs when an R PLUS S, R MINUS
S, or R TIMES S operation produces a resuit which, after
rounding, has the magnitude:

0 < magnitude <2~ 128

The final result in such cases will be 0 (000000004¢). The
underflow, inexact, and zero flags will be HIGH.

Underflow does not occur if the destination format is integer. If
the infinitely precise result of a floating-point-to-integer con-
version has a magnitude greater than 0 and less than 1 but the
rounded result is 0, the underflow flag remains LOW.

invalid Operations: if an input operand is invalid for the
operation to be performed, that operation is considered
invalid. There is only one invalid operation in DEC mode:
performing a floating-point-to-integer conversion on a value
too large to be converted to an integer. in this case, the final
result will be DEC-reserved operand 800000001, and the
invalid operation and NAN flags will be HIGH.

Sign Bit

For all operations producing a DEC floating-point result, the
sign bit of the final result is unambiguous; i.e., there is only one
sign bit value that yields a numerically correct result.

Rounding

There are four rounding modes for DEC operation: 1) round to
nearest, 2) round toward +°°, 3) round toward -0, and 4)
round toward 0. The round toward + =, round toward -2, and
round toward 0 modes are performed in a manner identical to
that for IEEE operation; refer to the Rounding section under
Operation in IEEE Mode. The round to nearest mode is
similar to that for IEEE operation but differs in one respect: for
the case in which the infinitely precise result of an operation is
exactly haltway between two representable values, DEC round
to nearest mode rounds to the value with the larger magni-
tude, rather than to the value whose LSB is 0.

Flag Operation

The Am29C325 generates six status flags to monitor fioating-
point processor operation. The following is a summary of flag
operation in DEC mode:

Invalid Operation Flag: The invalid operation flag is HIGH if
the FP-TO-INT operation is performed on a floating-point
number 100 large to be converted to an integer. The final result
for such an operation will be the DEC-reserved operand
80000000+¢.

Overflow Flag: The overflow flag is HIGH if an R PLUS S, R
MINUS S, R TIMES S, or 2 MINUS S operation produces a
result which, after rounding, has a magnitude greater than or
equal to 2 7. The final result will be the DEC-reserved
operand 800000004¢.

Underflow Flag: The underflow flag is HIGH if an R PLUS S,
R MINUS S, or R TIMES S operation produces a result which,
after rounding, has a magnitude in the range:

0 < magnitude <2~ 128,
The final result will be 0 (000000004¢) in such cases.

Inexact Flag: The inexact flag is HIGH if the final result of an
RPLUS S, RMINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or
FP-TO-INT operation is not equal to the infinitely precise
result. Note that if the underflow or overflow flag is HIGH, the
inexact flag will also be HIGH.

2ero Flag: The zero flag is HIGH if the final resuit of an
operation is 0. For operations producing an integer or a DEC
floating-point number, the flag accompanies the output O
(000000004g). (It should be noted that any operation produc-
ing a floating-point 0 in DEC mode will output 0000000016.)

NAN Flag: The NAN flag is HIGH if an R PLUS S, R MINUS S,
R TIMES S, 2 MINUS S, or FP-TO-INT operation produces a
DEC-reserved operand as the final result.

IEEE-TO-DEC and DEC-TO-IEEE Operations

The IEEE-TO-DEC and DEC-TO-IEEE operations are used to
convert floating-point numbers between the IEEE and DEC
formats. Both operations work in a manner independent of the
IEEE/DEC mode control.

|IEEE-TO-DEC Conversion

The operation converts an IEEE floating-point number to DEC
floating-point format. Most conversions are exact; in no case
does the round mode have any effect on the final result. There
are, however, a few exceptional cases:

a) If the JEEE floating-point input has a magnitude greater than
or equal to 2‘27, it is too large to be represented by a DEC
floating-point number. The final result will be the DEC-
reserved operand BO0O00000¢; the overflow, inexact, and
NAN flags will be HIGH.
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b) If the IEEE floating-point input is a NAN, the final result will
be the DEC-reserved operand 800000004g; the invalid and
NAN flags will be HIGH.

c) if the IEEE floating-point input is a denormalized number,
the final result will be a DEC 0 (00000004g); the zero flag
will be HIGH.

d) If the IEEE floating-point input is + 0 or -0, the final resuit
will be a DEC 0 (0D0000004¢); the zero flag will be HIGH.

DEC-TO-IEEE Conversion

This operation converts a DEC floating-point number to IEEE
floating-point format. Most conversions are exact; in no case
does the round mode have any effect on the final result. There
are, however, a few exceptional cases:

a) If the DEC floating-point input is not 0 but has a magnitude
tess than 27126 it is 100 small to be expressed as a
normalized {EEE floating-point number. The final result will
be an IEEE floating-point 0 having the same sign as the
input (00000001¢ for positive inputs and 800000001¢ for
negative inputs); the underflow, inexact, and zero fiags will
be HIGH.

b) If the DEC floating-point input is a DEC-reserved operand,
the result will be quiet NAN 7FA000014; the invalid opera-
tion and NAN flags will be HIGH.

c) If the DEC floating-point input is 0, the final result will be
IEEE floating-point + 0 (00000004¢); the zero flag will be
HIGH.

APPLICATIONS

Suggestions for Power and Ground Pin
Connections

The Am29C325 operates in an environment of fast signal rise
times and substantial switching currents. Therefore, care must
be exercised during circuit board design and layout, as with
any high-performance component. The following is a sug-
gested layout, but since systems vary widely in electrical
configuration, an empirical evaluation of the intended layout is
recommended.

The Voco and GNDO pins carry output driver switching
currents and can be electrically noisy. The Vo and GND pins,
which supply the logic core of the device, tend to produce less
noise, and the circuits they supply may be adversely affected
by noise spikes on the Vg plane. For this reason, it is best to
provide isolation between the Ve and Vico pins, as well as
independent decoupling for each. Isolating the GND and
GNDO pins is not required.

Printed Circuit-Board Layout Suggestions

1. Use of a multi-layer PC board with separate power, ground,
and signa! planes is highly recommended.

2. All Vgc and Vcco pins should be connected to the Voo
plane. Vce pins should be isolated from Vceo pins by means
of an isolation slot which is cut in the Vo piane; see Figure
18. By physically separating the Vo and Voo pins, coupled
noise will be reduced.

3. All GND and GNDO pins should be connected directly to
the ground plane.

4. The Vcco pins should be decoupled to ground with a 0.1-
uF ceramic capacitor and a 10-uF electrolytic capacitor,
placed as closely to the Am29C325 as is practical. Voo pins
should be decoupled to ground in a similar manner.

A suggested layout is shown in Figure 18.

(Bottom View)
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Figure 18. Suggested Printed-Circuit Board Layout (Power and Ground Connections)
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES

Storage Temperature .................coovveninn -85 to +150°C Commercial (C) Devices
Ambient Temperature Under Bias............ -55 to +125°C Temperature, Case (Ta) ...........ccoeoeviinens 0 to +70°C
Supply Voltage to Ground Potential Supply Voltage (VCC) - v ovvvvvnennnnnns +4.75 to +525 V
CONtINUOUS ...vvvvevnierreneneeniiaieianananes -03to +70V I )
DC Voltage Applied to Outputs Miltary™ (M) Devices o
Temperature (Ta).... ST -55 to +125°C
for HIGH Output State ........... ~03 Vio +Voc+03 V Supply Voltage (Vcg) 445V 1o +55 V
DC Iput VORAGE «....vveeevererereneeese. ~03 10 Voo +03 V pply Vollage (VEg) -voovvirreeeres : :
DC Output Current, into LOW Outputs ................. 30 mA Operating ranges define those limits between which the
DC Input Current ... -10 to +10 mA functionality of the device is guaranteed.
Stresses above those listed under ABSOLUTE MAXIMUM
h
RATINGS may cause permanent device failure. Functionality Thermal Resistance (Typical)
at or above these limits is not implied. Exposure to absolute Symbol | CGX145 Unit
ma_ximym ratings for extended periods may affect device 01a 23 °C/W
reliability.

*Military product 100% tested at Tp = +25°C, +125°C, and
-55°C.

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A,
Subgroups 1, 2, 3 are tested unless otherwise noted)

Parameter Parameter
Symbol Description Test Conditions (Note 1) Min. | Max. | Unit
VoH Qutput HIGH Voitage Ve = Min. loH =04 mA 2.4 v
VIN = Vi or ViH
VoL Ouput LOW Voltage Vee = Min. loL=4.0 mA 05 v
Vin=V|L or ViH
ViH Guaranteed Input 20 \
Logical
HIGH Voitage (Note 2)
ViL Guaranteed Input 0.8 v
Logical
LOW Voltage (Note 2)
hiL input LOW Current Voo = Max. -10 pA
ViIN=05V
IIH input HIGH Current Voo = Max. 10 A
ViIN=Vce-05 V
lozH Off-State (HIGH Vec=Max, Vo=24V 10 HA
Impedance) Output
Current
lozL Off-State (HIGH Vg = Max.,, Vo =05 V -10 MA
impedance) Output
Current
lcc Static Power Supply Vee = Max. COM'L CMOS ViN = Vo or GND 20 mA
Current (Note 3) lo=0 pA Ta=0to
+70°C TTL ViIN=05 V or 24 V 20
MIL CMOS VN = Ve or GND 25
Ta=-55 to
+125°C TTL ViN=05 V or 24 V 25
Cep Power Dissipation Ve = MAX 9,000{ pF
Capacitance (Notes No Load
4,5)

Notes: 1. Vgg conditions shown as Min. or Max. refer to the commercial and military Vgg limits.
2. These input levels provide zero-noise immunity and should only be statically tested in a noise-free environment (not functionally tested).
3. Use CMOS icg when the device is driven by CMOS circuits and TTL icc when the device is driven by TTL circuits.
4. Cpp determines the dynamic current consumption:

f
Icc (Total) = Igc (Static) + (Cpp +nCL)Vec 5 where f is the clock frequency, CL output load capacitance, and n number of loads.

5. Tested on a sample basis.

CAPACITANCE
CIN Input Capacitance fc =1 MHz (Note 5) 12 pF
Cout Output Capacitance 12 pF
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SWITCHING CHARACTERISTICS over COMMERCIAL

operating range

29C325 28C325-1 29C325-2
Parameter Parameter Test
No. Symbol Description Conditions Min. Max. Min. Max. Min. Max. | Unit
t |[tasc Clocked Add, Subtract Time (R 124 109 87 ns
PLUS S, R MINUS S, 2 MINUS S)
2 |tmc Clocked Muitiply Time (R TIMES S) 107 97 78 ns
3 |tee Clocked Conversion Time (INT-TO- 105 94 75 ns
FP, FP-TO-INT, IEEE-TO-DEC, DEC-
TO-IEEE)
4 |tasuc Unclocked Add, Subtract Time (R, S 146 135 108 ns
to F, Flags) for R PLUS S, R
MINUS S,and 2 MINUS S
Instructions
5 |tmuc Unclocked Muitiply Time (R, S to F, { FTg = HIGH 154 142 14 ns
Flags) for R TIMES S Instruction FT1 = HIGH
6 |tcuc Unclocked Conversion Time (R, S to 133 122 8 ns
F, Flags) for INT-TO-FP, FP-TO-
INT, IEEE- TO-DEC and DEC-TO- o
IEEE Instructions
7 itpwH Clock Pulse Width HIGH 15 15 1 ns
8 |[tpwL Clock Pulse Width LOW 15 15 15 ns
9 | tepOF1 Clock to Fo~Fay and Flag Outputs | FTg = LOW 145 130 04 ns
FTq = HIGH
10 | tPpOF2 FTy= LOW 26 24 ns
11 ltpzL OE Enable Time Z to LOW 22 22 ns
12 itpzH Z to HIGH 22 22 ns
13 |tpLz OE Disable Time LOW to Z 13 13 ns
14 | tprz HIGH to Z 13 13 ns
15 |tpziisB Clock 1 to Fg-Fy5 | Z to LOW | $16/32 = HIGH 26 26 ns
Enable, 16-Bit 1/0 ONEBUS = LOW
16 | tpzHLSB Mode Z to HIGH 26 26 ns
17 | tpLzise Clock { to Fg-F1s LOW to Z 22 22 ns
Disable, 16-Bit 1/O
18 | tpHzLSB Mode HIGH TO 2 22 22 ns
19 [tpzimss Clock | to Fig-F31 |Z to LOW |S16/32 = HIGH 26 26 ns
Enable, 16-Bit 1/0 ONEBUS = LOW
20 | tpZHMSB Mode Z to HIGH 26 26 ns
21 | tpLzmsB Clock t to Fig-Fay LOW to Z 22 22 ns
Disable, 16-Bit 1/0
22 | tpHzmsB Mode HIGH to Z 22 22 ns
23 |tsce Register Clock Enable Setup Time FTo = LOW 10 9 ns
FTy= LOW
24 | tcE Register Clock Enable Hold Time FTo = LOW 3 3 ns
FT{=LOW
25 |tgpy Ro-R31, So-S39 Setup Time FTo=LOW 20 16 ns
(see note below)
26 | tHp1 Ro-R31, Sp~S3¢ Hold Time 5 5 ns
(see note below)
27 |tsp2 Ro-R31, Sp-S31 Setup Time FTg = HIGH 133 118 ns
(see note below) FT{=LOW
28 | thp2 Ro - R34, So-S3¢ Hold Time 0 0 ns
{see note below)
29 | tsio2 lp -2 Instruction Select Setup Time | FT for 132 114 ns
Destinati
30 | tuio2 lo-I2 Instruction Select Hold Time | Register = LOW 1 1 ns
31 | tppio2 lp—12 Instruction Select to Fo-F3q, | FT{=HIGH 150 134 ns
Flags
32 |tsiz I3 Port S input Select Setup Time FT1=LOW 89 78 ns
33 |twiz I3 Port S input Select Hold Time [} 0 ns
34 |t l4 Register R input Select Setup FTg = LOW 18 13 ns
Time (see note below)
35 |tia 14 Register