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- Advance Information Single Chip Floating Point Processors
Features Description
m Single chip solution for support of ANSIIEEE STD. 754  The B2130, B3130 and B4130 comprise BIT's family of high
single and double precision, and DEC® (F&G) formats performance single-chip floating point processors: The B2130

has a TTL compatible /O, the B3130 a 10KH ECL compatible
m 10 ns (worst case) Pipeline mode for maximum throughput VO, and the B4130 a 100K ECL compatible /0. These floating

200 MFLOPS peak (ECL) point processors deliver ultra-high performance floating point
100 MFLOPS double precision muttiply data rate (ECL) and integer operations. Fabricated with BIT's high performance
100 MFLOPS double precision ALU data rate (ECL) VLS| process, the Bx130 family provides single-chip solutions
100 MIPS integer data rate (ECL) for high-end technical applications. Al floating point operations
can be either single or double precision and are compatible with

# Six data formats the |EEE standard 754 or DEC F and G formats. The floating
64-bit floating point (DEC and IEEE) pointinstruction set includes add, subtract, multiply, divide, square-
32-bit floating point (DEC and IEEE) root, conversion operations, minimum, maximum, absolute value

64-bit integer (fixed point)
32-bit integer (fixed point)

and compare. Alifour IEEEounding modes are supported. The
yerform the computations can be
inés or flowthrough combinatorial
can achieve up to 200 MFLOPS

yaths and concurrent operation of the
throughi'the architecture provides 20ns latency
PY:perations, resulting in up to 100 MFLOPS for

m {nstruction set compatible with B2110A/B2120A (TTL) and
B3110A/B3120A (ECL)

Floating point instructions include:
Muttiply, divide, square root, add, subtract, absolute valu
negate, min/max, compare

Integer instructions include:

Multiply, divide, add, subtract, boolean function:
value and shift ‘

Conversion operations to/from all suppo

Iso supports a large repertoire of 32- and 64-bit
nctions. The ALU provides integer operations at the
arformance level as it does fioating point functions. Integer
Utunctions include add and subtract (with and without carry/
m Three pont, 64-bit /O architecture “Zborrow), negate, absolute value, all 16 boolean functions, and

Byte-Parity (odd or even) generation & ing: shift. Shifts use the Y operand to define shift distance for the X
operand. The MPY and DIV/SQRT blocks provide integer multiply
and divide operations, respectively.

The three port, 64-bit (with 8-bit parity) architecture of the Bx130
provides maximum throughput. Input operands are clocked into
edge-triggered registers, and the output result can either be
registered, or configured to flowthrough to the output port.
Individual clock enables are provided for both input and output
registers. A 14-bit Flag output bus presents selected ALU and
® Synchronous and asynchronous output enables for status ~ MPY/DIV/SQRT register flag sets.
flags and output port

and DIV/SQRT blocks

| Output register configurable for flowth‘.rougﬁ operation

Output enables can be either synchronous, asynchronous or
® 395-pin Pin-grid-array package both. The synchronous output enable option helps reduce bus
conflicts. Each port uses byte-parity (odd or even)
fo enhance reliability. Built in test features inciude
scan paths through all registers.
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Figure 1 — B2130/B3130 / B4130 Block Diagram
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FUNCTIONAL DESCRIPTION

The Bx130 floating point processor is a single chip solution for
high-end technical computing. It supports both 32- and 64-bit
operands and performs both floating point and integer
computations. Functional blocks of the Bx130 include a floating
point and integer ALU, a floating point and integer multiplier
(MPY), a divide/square root element (DIV/SQRYT), internal data
path multiplexers, a temporary storage register, and internal
status and control registers. The Bx130 provides two 64-bit input
ports and one 64-bit output port for maximum data throughput
capability. Registers are provided for input oparands for each
computing element.

COMPUTE ELEMENTS

The ALU is a fast, combinatorial circuit which performs addition,
subtraction, conversion, shift, compare, and other operations. It
can be configured as a two stage pipeline for maximum throughput.
With the pipeline register disabled, the ALU produces results
one operation delay after operands and instruction are clocked
into the ALU input registers. Operand and opcode registers are
individually controlled. Flags from the ALU are clocked into the
ALU Flag register on the rising edge of CLK.

Similarly, the MPY element is a combinatorial circuit wi
comparable pertormanceto the ALU. It's pipeline register, opetat

as well as from the ALU. A common hardware
configures both the ALU and-the MPY as either

and integer multiplications for 8-, 16- and

The DIV/SQRT block performs floating
floating point square root operatich
multlphcanons It is an internally clock

root instructions. Input opcodes and operan are ‘sopitrolled

using the MPY clock enables, logically AND'd; a separate
divide enable signal (DIVEN*). Thus the D {T.can operate
concurrently with the MPY. Results f QRT element

are multiplexed with the results fron MPY element; one
result from either the MPY or DIV/SQRT:¢an be unloaded every
cycle. Additionally, flags from the DIV/SQRT are multiplexed
with the flags from the MPY prior to being clocked into the MPY
flag register. Both multiplexers are controlled with a common
select signal (MZSEL).

CLOCK ENABLES

input operand and opcode register enables, the divide enable,
and the pipeline register enables are sampled on the rising edge
of CLK. In addition, the result register Z enable and the temporary
register A enable are also sampled on the rising edge of CLK.
When the pipeline registers and the Z register are in flowthrough
mode, their associated enables are ignored.

OUTPUT ENABLES

Support of common external buses is provided with cutput enables
for the flags and result. in addition, a synchronous version of
these enable signals is included for better control of buffer collisions
in TTL systems.
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FEEDBACK PATHS

An internal feedback path is included from the output of the ALU
1o a set of four-input multiplexers which select input operands for
the compute elements. This arrangement allows the ALU result
to be used as either the X or Y input for any element. Similarly,
the multiplexed result from either MPY or DIV/SQRT is fed back
and can also be used by any input. The MPY and DIV/SQRT
share X and Y multiplexers for their inputs.

The multiplexers are selected using a set of eight control signals,
two per multiplexer. The ALU has a multiplexer for each X and
Y input. The MPY and DIV/SQRT share their multiplexer pair.
Each muttiplexer selects one of four sources: ALU result, MPY/
DIV/SQRT result, A-register content, or X/Yinputs, as appropriate.
A-register contents are common to all multiplexers, while X input
multiplexers select the X input port and Y input multiplexers

tand, the least significant 32 bits are
ision result is fed back and used as

&r for MPY and DIV/SQRT results, and the A-register
i‘large degree of on chip concurrency. Multicycle divide or
root operations may be started by registering the operands,
muttiplier functions can then be performed while waiting for

the DIV/SQRT block to finish. The A-register can be used to hold

intermediate results at the end of a multiply-add/subtract operation,
as a scalar operand for the vector operation AX+Y, or for any
other temporary value.

To support concurrent ALU and MPY floating point operations,
the flag registers can be set to operate concurrently (both ALU
and MPY flags updated each clock cycle) or independently. In
concurrent mode (EC=1) the precision of the MPY function will
follow the precision of the ALU. Additionally, independent register
enables allow the inhibiting of flag register updates when required.

PARITY SUPPORT

Faults on the input data buses can be detected using the parity
checking feature of the Bx130 and byte parity is generated for
data outputs. Both odd and aven byte (8-bit) parity is supported.
A hardware pin indicates a parity error has occured and 5 bits
in the ALU flag register indicate the port and byte location of the
error.

Input parity is checked only on operands which are clocked into
one or more of the operand registers; either the ALU, MPY, or
DIV/SQRT, X or Y registers, or the A register. When parity is
checked, all 8 bytes of all enabled registers are checked for
correct parity, whether the registers are used or not used.
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After a reset, the Bx130 defaults 1o no parity check. if parity
checking is desired, the mode register must be written to enable
parity check (EP) and to define the type of parity (odd or even)
to be checked and generated (PM).

SCAN PATH

Al on-chip registers can be accessed with a serial scan path.
Operating in a first-in, first-out, serial shift fashion, scan path
aliows diagnostics to be performed with just four signals: scan
mode, scan clock, scan data in, and scan data out.

SINGLE PRECISION OPERATION

The functional units of the Bx130 (the ALU, MPY, and DIV/
SQRT) expect single precision operands (FLOATING POINT
AND INTEGER) to be input on the high 32-bits of the input
operand buses [63..32]. The controlsignals CLTHX and CLTHY

(Copy Low To High, X/Y), control multiplexers located ahead of .

these inputs, and allow the low 32 bits of each operand to be
copiedto the high 32 bits. if a single precision operand is supplied
to the Bx130 on X[31..0), then setting CLTHX=1 will duplicate
this value onto bits {63..32] of the internal operand bus, where
it can be used by one of the functional units. CLTHY performs
the same function on the Y Port. Note that CLTHX (and Y) must
be set 10 0 while clocking in a double precision operand. Th
incoming instruction will NOT override this select signal.

Single precision results are output to both the high and
of the T Port (T[63..32] and T[31..0)).

INTEGER DIVISION

lnteger division and remainder operat' !

8-bit = 8-bit / 8-bit (opcode 89H, BDIV),
16-bit = 16-bit / 16-bit (opcode 8DH, HD!
32-bit = 32-bit / 32-bit (opcode 83H, IDIV/
32-bit = 64-bit / 32-bit (opcode B4H: K

64-bit = 64-bit / 64-bit (opcode C3

The remainder operations are similar:

8-bit = 8-bit % 8-bit (opcode 8BH, BREM),
16-bit = 16-bit % 16-bit (opcode 8FH, HREM),
32-bit = 32-bit % 32-bit (opcode 87H, IREM),
32-bit = 64-bit % 32-bit (opcode 88H, MIREM), and
64-bit = 64-bit % 64-bit (opcode C7H, LIREM).

Performing an integer division or remainder operation, where
the divisor (or modulus) is zero, returns zero and raises the
divide by zero flag (DIVZ). An integer division that overflows will
raise the overflow fiag (OV) and return the least significant bits
of the quotient. Integer remainder operations never overflow.

The sign of the remainder will be the same as the sign of the
dividend, except when the remainder is zero. Thus either:

dividend 2 0 AND [divisor| > remainder 2 zero
or:

dividend < 0 AND zero 2 remainder > =|divisor]

Furthermore, the quotient and remainder for the same pair of
operands (dividend and divisor) will satisfy:

dividend = quotient * divisor + remainder

WRAPPED NUMBERS

In their defautt operating mode, BIT floating point chips treat
denormalized operands as zeroc and do not produce denormalized
results. To process denormalized numbers, the wrapped underfiow
mode bit must be set. When set, the ALU will directly operate
upon denormalized operands, and all of the functional units
(ALU, MPY, and DIV/SQRT) will return *wrapped underflows”
which can be converted to denormalized results.

If a normalized number and a denormalized number are multiplied,
the denormalized and inexact flags will be raised and the value
zero returned. The denormalized number can then be converted
to a wrapped number by passlng it through the ALU (opcode
2CH or 2DH). The ALU W|Il raise its underflow flag and return a

denormalized number. This wrapped
he normalized operand by using

je raised and a wrapped underflow will

esult and provide the correct IEEE underflow flag
nultiplication. In order to avoid multiple rounding errors,
act and rounded up flags from the multiplication must be
$ed to the ALU for this wrapped to denormalized number

conversion.

No instruction for muitiplying two wrapped numbers is provided
because the product of two denormalized operands always
underflows.

Wrapped numbers are a simple extension of IEEE normalized
numbers. The value of an IEEE normalized number can be
determined by:

X = (-1) » 20185 0 (1 f)

where "s", "e", and "f" are the sign, exponent, and fraction of the
number, and the bias is either 127 (single precision) or 1023
{double precision). The value of a wrapped number is determined
by the same formula as normalized numbers. Awrapped underflow
with an exponent of zero (e=0) uses the same bias value as
normalized IEEE numbers. Awrapped underflow with a non-zero
exponent value (e > 0) uses a bias of either 383 (single precision)
or 3071 (double precision). Wrapped overflows with an exponent
of all ones (single precision, e=255 or double precision, e=2047)
use the same bias value as normalized IEEE numbers, while
other wrapped overflows have a bias of either -129 (single
precision) or —1025 (double precision). Mapping the unbiased
exponent to the biased exponent for single precision is shown
in the following table:
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unbiased biased type
exponent exponent (hex) : WRAPPED TO DENORM CONVERSION
383 FE wrapped overflow (maximum) PIPELINING
382 FD wrapped overflow To convert a wrapped number to a denorm, use the following
. . L . instruction sequence:
L J L ] L ] L ]
129 00 wrapped overflow FREGAW Wrapped_flags
128 FF wrapped overflow (minimum) Denorm = WDNM Wrapped_number
127 FE IEEE normalized (maximum)
126 FD IEEE normalized ADD WITH CARRY
® . . o Add-with-carry type ALU instructions use the contents of the
hd b i b carry flag as of the beginning of the second stage of the pipeline.
-125 02 |EEE normalized This allows muttiple pipelined add-with-carry instructions to operate
-126 o1 IEEE normalized (minimum) with each instruction using the carry out of the previous instruction
-127 00 - wrapped underflow (maximum) as its carry input. Starting a write ALU flag register instruction
-128 FF wrapped underflow inthe multiplier atthe same time that an add-with-carry instruction
hd * b b Is started in the ALU will return unspecified resuits. When
. b hd hd OFT=1 (output flow through mode), add-with-carry instructions
=381 02 wrapped underflow return unspecified results.
-382 01 wrapped underflow (minimum)

WRAPPED TO DENORMALIZED
CONVERSION

in order to convert a wrapped number 1o a correctly rounde
denormalized number, the inexact and rounded up flags_fro
the operation which generated the wrapped number are qu
The state of these flags during the first stage of the_p
assumed to match the state when the wrappe
generated, and determines the rounding of the-

MPY block (see Status Register Operation, pags. 9).
OFT=1 (output flow through mode), a wr,

returned by the wrapped to denoi
underflow flag that applies to the com :
and denorm conversion. Tininess i d after rounding,
while a loss of accuracy is detected as xact result (ANSI/
|IEEE Standard 754, section 7.4, items ( and (4)).

Input Register

First Pipeline
Stage

ating point operation

¥
Pipeline Register
LP |

Inexact,
rounded up
Second Pipeline 7

Stage

Flag Register
I Flag Pins |

Carry Flag Pin

LU add-with-carry operation pipelining: The following sequence
of operations will add together the multiple word integers A and
B, and leave their sum in C. A[0], B[0] and C[0] contain the least
significant words of each integer, A[3], B[3] and C[3] contain the
most significant words:

Cl0] = IADD  A[0], B[0]
Cl1] = IADDC  A[1], B[1]
Cl2] = IADDC A2}, B[2]
C[3] = IADDC A[3], B[3]

RESET OPERATION

Use of the asynchronous hardware reset causes the following
events to occur:
All flags are cleared
All interrupt enable bits are cleared (prevents interrupt flag
from being set)
The Mode register is set to zero

Therefore, after a reset, the Bx130 will be configured with the
following operating modes:

IEEE mode

Freeze on interrupt disabled

Parity checking is disabled

Even parity is generated

Round to nearest

Borrow mode disabled
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The parity flag is not sticky For 8- and 16-bit multiply:
Instruction set is orthogonal
Flag outputs are not multiplexed 8-bit fixed point format.
Flags are updated only when an appropriate instruction is MSB LSB
executed

UNSUPPORTED OPERATIONS
The following operations from the B2110A/2120A, the B3110A/
B3120A and the B5110/B5120 are not supported by the Bx130:

NORMX normalize

PASSn pass opcode
SCREGR, SCREGW  SC register read/write
ROTX, LROTX rotate

ROTC, LROTC concatenated rotate
BITR bit reverse and rotate
ADDSC add to SC register
NEGSC negate SC register

Fixed Point Formats
(Integer)

The Bx130 assumes that 32-bit, or smaller, integers will be i
MSW of the X or Y port. If this is not the case, use signals (pi
CLTHX or CLTHY, as appropriate, to copy the LSWto

Results for 8-bit, 16-bit, and 32-bit integer operatigns
1o both the MSW and the LSW of the 64-bit i

Bytewide (8-bit) and Halfword (16-bit) di
multiply operations use a different inpu
32-bit and 64-bit operations.

For divide/remainder operations:

X Input, 8-bit 2's complement fixed poij
MSB :

63 56 55 . 32
Y Input, 8-bit 2's complement fixed point format:

MSB LsB

63 ' — 40 39

X Input, 16-bit 2's complement fixed point format:
MSB LSB

63 48 47 32
Y Input, 16-bit 2's complement fixed point format:

16-bit fixed point format:

62 48 47 32
8-bit and 16-bit OUTPUT FORMATS
Result, 8-bit division and remainder fixed point format:

MSB LsB

LsB

63 a8 47 — 32

32-bit and 64-bit VO FORMATS

32-bit fixed point format:
MSB LSB

Sign
bit
64-bit fixed point format:

LSB

- 'Leﬁst Significant Word”

MSB
Sign — Most Significant Word
bit
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IEEE Floating Point Format

|IEEE Standard 754-1985 binary floating point arithmetic single
and double precision basicformats are supported by the Bx130.
Extended formats are not supported. The floating point data
word is made up of three parts: sign bit, biased exponent and
fraction. See the IEEE Std. 754 for additional information,

MSB LSB
Format
Single 1 8 23
Double m . (11) (52)

Where s = sign bit

o = biased exponent

f = fraction
PRECISION

The value of the floating point word is determined by the following
tables:

Single Precision (NF= 0, mode bit-9)

#0, msb = 1
#0, msb=0

4?e D

B2130/B3130/B4130

0 255 0

1 255 0
071 1-254 f
on 0 #0

0 0

olo

1 0

on 2047 #0, msb = 1| Signalling NaN
#0, msb=0 Quiet NaN

0 2047 0 +INF

1 2047 0 —INF
or 1-2046 f (-1)% - 281023 . ¢ ¢
0/1 0 #0 DEN

0 0 0 +0

1 0 0 -0

ROUNDING

The Bx130 supports all four IEEE-754 rounding modes. The
rounding process takes a number and, if necessary, modifies it
to fit the destination format. The destination format can be single/
double precision floating point or 32-bit/64-bit fixed point.

B ly51454 0000L39 1 WM BIT

T-49-12-05
Round to Nearest

This mode rounds the infinitely precise result to the nearest
representable value that fits the destination format. Results that
are halfway between two representable values are rounded
toward the even result (result with LSB=0 is delivered). This
rounding mode is statistically unbiased because over a large
quantity of random numbers half will be rounded up and half
rounded down.

Round toward Zero

This mode rounds the result to the closest representation whose
magnitude is less than or equal to the infinitely precise result.
Round to zero truncates all bits that are less significant than the
destination fraction's LSB.

Round toward Plus Infinity

This mode rounds the result to the closest representation which
is not less than the infinitely precise result, If the pre-rounded
result is greater than the maximum representable normalized
number, the result is rounded to plus infinity and the overflow

is moge rounds the: résiult to the closest representation which

> thejnfinitely precise result. If the pre-rounded

, f inimum representable number, the result
to mipus infinity and the overflow flag is set.

tofan operation which overtlows or underflows depends
ign of the result and the rounding mode. The tables

Round to nearest ~INF +INF
Round to zero -M +M
Round to — infinity ~INF +M
Round to + infinity -M +INF

Note: M = Largest magnitude normalized number.

Underflows
Round to nearest -0 +0
Round to zero -0 +0
Round to - infinity -E +0
Round to + infinity -0 +E

Note: E = Smallest magnitude normalized number.
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DEC (VAX?®) Floating Point
Format

The Bx130 also supports the DEC F and Gfloating point formats.
The DEC D and Hformats are not supported. DEC floating point
arithmetic is very similar to IEEE 754 arithmetic, but does not
contain all of the special cases and opserands that are defined
In the IEEE specification. The F format corresponds to single
precision IEEE, while the G format corresponds to double
precision. For complete information on DEC format floating
point arithmetic, see the VAX Architecture Handbook from Digital
Equipment Corporation.

msB
Format
F 1 8 23
G (1) (11) (52)
Where s = sign bit
e = biased exponent
f = fraction
FORMATTING

The value of the floating point word is determined by t
tables.
F Format

0 0 0 0
0 0 20 “dirty” zero
1 0 any Reserved operand

on 1-2047 (=1)%+ 0.1f » 2071024

ROUNDING

DEC format arithmetic always rounds the infinitely precise result
in the same way; there is no choice of rounding modes. The
infinitely precise result is rounded to the nearest representable
number. If two representable numbers are equally close to the
infinitely precise result, then the one with the larger magnitude
is chosen. This is slightly different from the IEEE round to
nearest mode.

any

The DEC F and G format sign, exponent, and fraction field
widths are the same as their IEEE format counterparts, and both

8

IEEE and DECformats use a “*hidden" bit to increase the resoclution
of their mantissas. The DEC hidden bit, howevaer, is to the right
of the binary point, while the IEEE hidden bit is to the left.
Furthermore, the exponent biases of the two standards differ,
leading to different representable number ranges.

Normalized Number Range

| IEEESingle | 2% | o=.(2.2ey

—DECF PRl N kY XF M
[EEE Double | 272 | 298, (3-2%)
DEC G 2-1024 21022, (2 . 2-52)

Ancther difference is that the DEC formats lack denormalized
numbers and does not have separate representations for positive
and negative zero. A number with a sign of zero, an exponent
of zero, and a nonzero mantissa is considered to be a "dirty”

The VAX uses different word ordering for integer and floating
point numbers. The ordering is not supported by the Bx130. This
distinction is important # the same data path is to be used for
VAX compatible integer and floating point operations and
conversions. The word order of either the floating point or the
integer operands will have to be explicitly swapped before the
operands are stored in memory.

VAX 32-bit integer:
MSB _

VAX F floating:
MSB

3 ~ 161514 76 o
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BIT F floating: :
MSB LsB

30 3 22

VAX 64-bit integer:

LSB

Least Significant Word
MSB
Most Significant Word -
VAX G floating:
MSB LSB

31 61514 76 0

Least Significant Word
MSB

63 48 47

Most Significant Word
BIT G fioating:
MSB

31

Least Significant Wor
MSB

Most Significant Waord”

MODE REGISTER

To implement DEC format arithmetic the following mode register
bits must be set/reset.

IEEE/DEC Format
IEEE Undertlow mode
IEEE Overtlow mode
IEEE Rounding mode
IEEE Rounding mode

Borrow mode (Borrow mode
is only required if integer
arithmetic is used.)

~Njojn|salw|o
=|Ol|O|O|O|—
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Control and Status Registers

STATUS REGISTER OPERATIONS AND
PIPELINING

All status register read and write-to operations (flag, interrupt
enable, or mode) execute through the MPY. (See block diagram,
below.) The read or write instruction is input to the MPY | port.
Data for status register write operations is taken from the MPY
X input register, and read operations return their result on the -
MPY Z pont.

Status register read operations are fully pipelined. The resuit of
a read operation will appear at the Z register with the same
pipeline delay as any other operation. Write operations are
decoded during the first stage of the pipeline and completed as
the write operation is clocked into the second stage of the
pipeline. if both a normal operation and a flag register write

REGISTER

X 1§ Y EN
] DIV/
) MPY SQRT
FLAGS 2 —=— FLAGS z FLAGS
READ
REGISTER )

ALU Flag | ALU Int En | MPY Flag | MPY Int En| Mode

register | register | register | register |register
72— _MEDIt
MUx TSEL
14
FLAG PINS
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The operation immediately following a write to the mode register
operates correctly, using the new modes. Similarly a wrapped to
denorm conversion immediately following a write tothe ALU flag
register operates using the newly written flags. The result returned

Note that when in output flow through mode (OFT = 1) the flag
registers are transparent; flags flow directly from the functional
biccks to the flag pins. In this mode of operation reading and
writing the flag registers is not very meaningful, reads return

unspecified results while the effect of a write operation is lost as

by awrite status register oparation is unspecified. ALU operations
soon as the next opcode is clocked into the multiplier.

started at the same time as a mode register write operation
return unspecified results.

Case1: PLFT=0,0FT=0

Pins multd | WMR | muit1 mult2 RFR

Input reg multd | WMR | muit1 mult2 RFR

Pipeline multd | WMR | muit1 mult2 RFR

Z reg mult0 new multi mult2 | m2flags
Result Pins multo new muit1 mult2 | m2flags
Mode reg new
Clock R 4
Pins

Input reg

Pipeline

Z reg

Result Pins

Mode reg

Clock  / S ¢
Case2: PLFT =1,

Pins

Input reg

Z rog multo old multi mult2 | m2flags

Result Pins mult0 old muit1 mult2 | m2flags

Mode reg old old new new new new new
Clock /7 N d™ Nt N e S S TS
Pins RMR WMR RMR

Input reg RMR | WMR | RMR

Z reg old old new

Result Pins old old new

Mode reg old old new new new

Clock A N N e e et T S

10
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Case3: PLFT=0,0FT =1
Pins mutd | WMR mult1 mult2 RFR
Input reg multd WMR | mult1 mult2 RFR
Pipeline mult0 WMR | multt mult2 AFR
Result Pins mul0 7?? muiltt mult2 277?
Mode reg old old now new new new

Clock 4 N A Nt e N N N NS

Pine RMR | WMR | RMR

tnput reg RMR | WMR | RMR

Pipeline RMR WMR RMR
Result Pins old ??7? new
Mode reg oid old new new

Clock A7 N N e T S

Cased4: PLFT=1,0FT =1

Pins multd WMR
Input reg multo
Resutt Pins multo

old

Input reg

FLAG OUTPUTS

30 can operate if MF=1, the flags outputs are from the ALU (TSEL=0) or the
=0, mode register ~ MPY (TSEL=1). Flags are output on clock if OF T=0, and available
bit-12) a subset of the flags from both the ALU and the MPY are -immediately if OFT=1. If MF=1, FLAG[13...0] are:
continuously available. if MF=0, FLAG[13...0] are:

FLAG[0] OV (Overflow)

FLAG[0]  ALU overfiow (AQV) FLAG[1]  UF (Underflow)

FLAG[1]  ALU undertiow (AUF) FLAG[2]  INV (Invalid operation)

FLAG[2]  ALU invalid operation (AINV) FLAG[3] INX (Inexact result)

FLAG[3] ALU inexact result (AINX) FLAG[4] N (Negative)

FLAG[4]  ALU negative (AN) FLAG[5] ZR (Zero)

FLAG[5]  ALU zero (AZR) FLAG[6]  CRY or DIVZ (ALU carry or DIV divide by zero)
FLAG[6]  ALU carry flag (CRY) _ FLAG[7]  NaN (Not a number)

FLAG[7]  Division by zero (DIVZ) FLAG[8]  RND (Rounded up)

FLAG[8]  MPY/DIV/SQRT overflow (MOV) FLAG[9) DEN (Denormalized operand (DX or DY))
FLAG[9]  MPY/DIV/SQRT underflow (MUF) FLAG[10] -—not used-

FLAG[10] MPY/DIV/SQRT invalid operation (MINV) FLAG[11] -not used-

FLAG[11] MPY/DIV/SQRT inexact result (MINX) FLAG[12] PE (Parity error)

FLAG[12) Parity error (PE) FLAG[13] INT (Interrupt — caused by selected flag register
FLAG[13] Interrupt (INT) caused by ALU, MPY or DIV/SQRT only)

11
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Note that the PE and INT flags always appear on the same pins regardless of
whetherthe flags are multiplexed or not. Note also that inthe multiplexed mode there
are two unused flag outputs. In the multiplexed flags mode with OF T=0;

TSEL T\ / L
MZSEL ™\ S ~N

Z Register MPY Resuit | DIV/SQRT Result| ALU Result

Flag Pins MPY Flags ‘| DIV/SQRT Flags ALU Flags
dok SN}

in the multiplexed flags mode with OF T=1, TSEL and MZSEL will sels
and flags will be output without being delayed by the clock:

TSEL A

V|

N

MZSEL T X N

Z Register ALU Result
Flag Pins ALU Flags
Control and Status Register Description
ALU and MPY Flag Register
2 e 17 16 15 14 13 12 5 8 7 66 4 3 2 1 0

MsB - LSB

P{2..0}, Parity Error Byte Location flags. (ALU Flag register be indicated. I both X and Y ports exhibit errors,
PX, PY only). When a parity error is detected at port X or the highest-error byte inthe X port will be indicated.
Y, bit PX and/or PY is set high to identify the P[2..0] are valid only if PX or PY is set.
input port(s) containing the error, PX signifies
port X and PY signifies port Y. P2through PO are  NY, NX Not a Number input flags. During floating point
encoded high to indicate which byte, within the operations, one or both of these bits will be set
64-bit word, contained the error. Code 07H if a NaN is received as an operand for either X
indicates the most significant byte and code 00H orY. NY signals a NaN Y input, and NX flags a
the least significant byte. If more than one byte NaN X input. If the NaN was received by the
contains a parity error, the highest error-byte will ALU, the ALU Fiag register will have one of these

12
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bits set; if the MPY or DIV/SQRT received the  INX Inexact Result flag. This bit will be set whenever
NaN, the MPY flag register will be updated. Note the output is not infinitely precise.
that i either NX or NY is set, NaN wil also be set. INV Invalid Operation flag. This bit is set when an

In DEC mode, reserved operands received on

the inputs will set thess flags. input operand is invalid for the requested

operation. In [EEE mode, the following conditions

CRY Carry flag. (ALU flag register only) When the cause an Invalid Operation flag:
borrow mode bit (BM) in the mode register = 1, 1)A signaling NaN on either input
the carry flag will be asserted if there is a carry 2)Magnitude subtraction of infinities, i.e. (+INF)
out of the accumulator during integer additions + (~INF)
or no carry out during integer subtractions. When 3)Zero muttiplied with infinity
BM=0 the carry flag will always indicate a carry 4)Zero divided by zero orinfinity divided by infinity
out of the ALU during integer operations. During 5)Square root of a negative number (except —0)
shifts, the carry flag always contains the last bit 6)Conversion of a floating point number to an
to leave the ALU. This flag is also used during integer format when the operand overflows
Min/Max, Compare and Pass operations. See - the integer format or is not representable

Instruction explanations for details.
In DEC mode, INV will be active for the following
DIvVZ Divide by zero flag. (MPY flag register only) This itions:
bit is set when a finite non-zero number, or an
integer number, is divided by zero.

DY, DX Denormalized input flags. During floating point
operations, one or both of these bits will be set
if a denormalized number was received
operand for either X or Y. DY signa
denormalized Y input, and DX -
denormalized X input. The bits ar
regard to ID (mode register bit:0)
normalized number was re
the ALU Flag register will have
set; i the MPY or DIV/SGf
denormalized number,

he result of an operationis not zero and is less
» than the minimum representable normalized
number in the chosen format.

Overfliow flag. This bit is set if the magnitude of
the result of an operation is larger than .the
maximum representable normalized number in
the chosen format.

be updated.
- ZR, N Zero, Negative flags. ZR indicates a zero result
NaN Not a number flag. Only val and N indicates a negative result. N is set
operations, this bit indicate n operand whenever the most significant bit of the result=1.
received on one of the t ports or the In addition, these bits indicate the result of a
result output was Not EEE mode, floating point compare operation as follows:
a signaling NaN inp both the NaN flag
and the invalid operatioriflag to be set. A quiet ZR | N Result
NaN causes only the NaNflag to be set. In both 01 0 XY
cases, the output will be a quiet NaN. 0 1 Xe¥
1 0 X=Y
The sign of NaN's follow arithmetic conventions. 1 1 unordered
For example, ~NaN multiplied by +NaN = —NaN.
During square root operations, the sign of a NaN PE Parity Errorflag. If a parity error has been detected
result is the sign of the X input. The ALU always at either input port, this bit will be set. Odd or
outputs NaN's with a negative sign. even parity, based on the parity mode bit, is
checked during every operation except ALU flag
In DEC mode, reserved operands will set both register writes. Parity is checked on the bus any
the NaN and INV flags. A reserved operand is time an input enable signal is active. Additionally,
output, and the "value” of the output will be *~0." both the MSW and LSW are always checked,
See DEC format section. even during single precision operations. A parity
error will occur if the parity bit plus the
RND Rounded Up output ﬂag. This bit will be set co"esponding byte contain an even number of
whenever the normalized output has been ones and PM = 1. Aninput of all zeros (data and
rounded away from zero. parity) is valid if even parity is set, but is a parity

error if odd parity is set.

13
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INT Interrupt flag. This bit is set if all of the following
conditions are true: If the IE bit is set in the
interrupt enable register, and if a flag register bit,
and its corresponding interrupt enable bit are
both set. The value of INT (for the register selected
by MF) is also the FLAGINT output.

Access to the contents of either flag register is obtained by using
the FREGx instructions.

The five parity error status flags are updated only when a parity
error occurs. The state of these flags thus represents the byte
location of the most recent parity error. These flags can be

| cleared by the CLRFLAG instruction or by a hardware reset. The

parity error (PE) flag is also "sticky" if the SP flag (mode register
bit-8) is set. :

Every arithmetic operation updates the flag register on the rising
edge of CLK, if enabled by the appropriate flag register enable.
With the exception of the parity bits, each update will clear the
existing bits and set them according to the current operation,
unless the flags are set as sticky or frozen (using freeze flags
on interrupt mods). Once frozen, the bits will be cleared by the
CLRFLAG instruction, by a hardware reset, or by writing zeros
to the flag register.

Iinterrupt Enable Registers

15 14 13 12 11 10 9 8 7 6 5

: 1 = enable, 0 = disable

input NaN interrupt enables. Allows
corresponding flag register NY
bits have no effect on the NaN

NY, NX

CRY Carry interrupt enable. Used
care inthe MPY. Allows aninte
flag register CRY bit is set.

Divz Divide by zero flag interrupt enab
MPY, is don't care in the ALU

corresponding flag registey;
de DonY care on write, always read as zero.
DEN Denormalized number interrupt enable. Allows an
interrupt if either of the denormalized number flags
(flag register DX and DY bits) are asserted.
NaN Not a Number interrupt enable. Allows an interrupt if
the corresponding flag register NaN bit is set.
RND Round interrupt enable. Allows an interrupt if the
corresponding flag register RND bt is set.

INX Inexact result interrupt enable. In IEEE mode, allows
an interrupt whenever the flag register INX bit is
asserted. In DEC mode, this bit should be set to zero.

INV Invalid operation interrupt enable. Allows an interrupt
if the corresponding flag register INV bit is set.

14

Underflow interrupt enable. Allows an interrupt if the
corresponding flag register UF bit is set.

Overtlow interrupt enable. Allows an interrupt if the
corresponding flag register OV bit is set.

ZR Zero interrupt enable. Allows an interrupt if the
corresponding flag register ZR bit is set.

N Negative interrupt enable. Allows an interrupt if the
corresponding flag register N bit is set.

PE Parity Error interrupt enable (ALU only). Allows an
interrupt if the corresponding flag register PE bit is
set.

IE Master Interrupt enable. Must be set to one for an
interrupt to be generated for any of the above
conditions.

The ALU and the MPY each have an interrupt enable register
which functions in concert with its corresponding flag register.
The interrupt enable registers allow the user to determine which
condition(s) will activate an interrupt. An interrupt will occur if all
of the following conditions are trie: If the IE bit is set in the
interrupt enable register, and if a flag register bit, and its
corresponding interrupt enable bit are both set. The interrupt
enable bits will not prevent the flags from being set or reset.

Access 1o the interrupt enable register is accomplished using
the IREGx instructions.
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MSB
Note: 1 = enable, 0 = disabled

LSB

Res These bits are reserved. They must be written as zero
if writing to the Mode register. If the Mode register is
accessed for reading, these bits will be read as zero.
Writing ones to these bits may produce anomalous

results.

MF Muttiplex flags when one, not multiplexed when zero.
See Flag Outputs (page 11) for details.

PM Parity Mode: When high, the input buses are checked
for odd parity and the output bus is generated with odd
parity. When low, the input buses are checked for even
parity and the output bus is generated with even parity.
if all of the data bits for a byte are zero, even parity

mode will generate a parity bit of zero while odd parity :

mode will generate a parity bit of one.

EC Enable concurrency. When zero, the flag registe
updated only when the corresponding functional
is performing a specified operation. For exas

max, min). In either mode, a flag régister may be
forced to hold its contents by holdi
pin high. See the instruction dé
more information.

NaN Format mode. The defir
by this bit and is indicated bel

NF

0 | 0/1 |FF (DP = 7FF)| Oxxxx... | Quiet | 0100...0
0/1 |FF (DP = 7FF)| 1xxxx... |Signal| 0100...0
1 0/1 |FF (DP = 7FF)| 1xxxx... | Quiet | 1100...0
0/1 |FF (DP = 7FF)| Oxxxx... |Signal| 1100...0

SP Sticky Parity mode. When SPa1, the parity error flag
(PE, flag register bit-1) is sticky, once set it will remain
set. When sticky, the parity flag can be reset by asserting
the reset pin, executing the CLRFLAG instruction, or
writing a 2ero to the parity error flag bit. This mode bit
has no effect on bits [16..20] of the flag register.

BM Borrow mode. Only applies to the ALU. When BM=0,
normal carry mode is used, i.e, the CRY flag is set

whenever there is a carry out of the ALU. When BM=1,
DEC carry mode is used, i.e. CRY flag is set if a carry
out of the ALU occurs during addition or if there is no
carry (borrow) during subtraction.

Rounding mode. When in DEC mode R1, RO must be
- setto0,0. When in IEEE mode the rounding operation
is determined by the following chart.

Rt, RO

Round to nearest

Hound to zero
Round to - infinity

Round to + infinity

w Mode. When in IEEE mode (ID=0),
uses overflows to be returned as wrapped
mbers. If 0«0, then overflows will be set to either
“inifinity or to the largest finite number, according to
section 7.3 of the IEEE standard 754. When D=1
(DEC mode), this bit must be zero.

IEEE Underflow Mode. When in IEEE mode (ID=0),
IU=1 causes underflows to be returned as wrapped
numbers. If IU=0, then overfiows will be setto a properly
signed zero and denormalized inputs will be flushed to
zero. When ID=1 (DEC mode), this bit must be zero.

EP Enable Parity. When EPs1 parity checking on the
input buses will occur and the flags associated will be
updated. Parity is always generated on the outputs,
regardless of the state of this bit.

FF Freeze Flags on interrupt mode. When FFa1 , the bits
in the flag registers will freeze (i.e. remain in their
current state) once an interrupt has been generated.
Theflags will remain frozen until a CLRFLAG instruction
is executed, the hardware reset pin is asserted, zeros
are written to the appropriate flag register or interrupt
enable register, or the FF bit is cleared. Status register
flags are frozen on the rising edge of CLK if the
corresponding flag register enable pin is active. The
flag pins reflect the flag registers and will be frozen
along with the flag registers.

ID IEEE/DEC mode. When ID=1, the Bx130 operates in
DEC (F or G format) mode. When ID=0, IEEE mode
is used.

Access to the Mode Register is accomplished through the use
of the MREGx instructions.
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INSTRUCTION SET

The Bx130 instruction set supports a wide range of technical
computing applications, from high performance general purpose
computing to parallel vector processing with 32- and 64-bit floating
point and 32- and 64-bit integer operands.

A single 8-bit instruction stream (I [7..0]) carries opcodes to the
internal computing elements of the Bx130. These opcodes are
encoded orthogonally so that no code (except as specified) will
cause oparations on both internal elements. Amode bitis provided
which overides this orthogonality.

Three instruction pairs (MADD/DMADD, MSUB/DMSUB and -

MSUBX/DMSUBX) are encoded so that each opcode is
interpreted by the MPY as a multiply and by the ALU as an add
or subtract. They are provided to simplify parallel add/subtract
and multiply operations.

INSTRUCTION SYMBOLS

ALU Internal Arithmetic Logic Unit

CRY Carmry

DEN Denormalized number

DIV/SQRT Internal Divide/Square Root Element
DIvVZ Divide by 0

DP 64-bit floating point number

DX Denormalized input X

DYy Denormalized input Y

E Smallest magnitude norma

EXP Exponent

INF Infinity

INT Integer

INV Invalid

INX Inexact

L 64-bit Long integer

M Largest magnitude normalized number
MANT Mantissa

MPY  _Internal Multiplier Element

N Negative

{n} User determined binary number

N/A Not applicable
NaN Not a number

NORM Normalized number
oV Overflow

Q Quiet NaN

R DEC reserved operand

int number

iply

For Function or Description * indicates compliment
(NOT). Within a flag block it indicates the flag is affected
Concatenation

ltem(s) operated on; ie. SIGN(X) is Sign of X.
Absolute value -

ttems within braces are alternative items, one of
them must be used

DIV 00H XY
DDIV 01H DP: XY

SQRTX 02H VX

DSQRTX  03H DP:vX .

MULTWX  04H WRAPPED X + Y
DMULTWX 05H DP: WRAPPED X .Y
MULTWY  06H X + WRAPPED Y
DMULTWY 07H DP: X + WRAPPED Y
MULT 08H XeY

DMULT 09H DP:X.Y

MULTAY  0AH X+ |Y|

DMULTAY OBH DP: X« Y]

MULTAX  OCH IX] Y

DMULTAX ODH DP:|X|- Y
MULTA OEH X« Y|
DMULTA  OFH DP:|X.Y|
ADD 30H X+Y
DADD 31H DP:X+Y
SUB 32H X-Y
DSUB 33H DP:X-Y
SUBX 34H Y-X
DSUBX 35H DP:Y-X
ADDA 38H X] + Y]
DADDA 39H DP: |X] + Y|
SUBA 3AH IX] = [Y|
DSUBA 3BH DP: X[ - Y|
SUBXA 3CH 1Y = X]
DSUBXA  3DH DP: Y| - |X]|

16
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INSTRUCTION SET SUMMARY contq)

“MNE! NCTIC
FLOATING POINT ARITHMETIC INSTRUCTIONS (cont'd)
MIN 24H MIN[X,Y] 1AH SIGN(X)* [EXP(X) | MANT(X)
DMIN 25H DP: MIN[X,Y] 1BH  DP: SIGN(X)* [EXP(X) | MANT(X)
MAX 26H ° MAXIX.Y]
DMAX 27H  DP: MAX[X,Y] 36H COMPARE(X,Y)
37H DP: COMPARE(X,Y)
ABSX 28H IX] 3EH COMPARE(IX},|Y])
DABSX  26H DP:[X| 3FH  DP: COMPARE(|X}.|Y])
NEGX 2AH =X
DNEGX 2BH DP:-X
PASSX 2CH X
DPASSX 2DH DP: X
CLRS 18H 0 | EXP(X) | MANT(X)
DCLRS 19H  DP: 0 | EXP(X) | MANT(X)

FLOATING POINT SUPPORT INSTRUCTIONS

PASSXM 10H MPYZ « X
DPASSXM 11H DP: MPYZ « X

Pass X, set ALU registers

Pass X, set MPY or DIV/SQRT
registers

52H MPYZ « AFLAGS

53H AFLAGS & X

SAH MPYZ « MFLAGS

SBH MFLAGS « X

54H MPYZ « AINTEN

5SH AINTEN &« X

SCH MPYZ « MINTEN

5DH MINTEN « X

56H MPYZ « MODE

57H MODE « X

SCALE 20H SIGN(X) | EXP(X) +
DSCALE 21H DP: SIGN(X) | EXP(

MERGE 22H SIGN(X) |
DMERGE 23H DP: SIGN(X):|

NOP 58H NO OPE
CLRFLAG  59H ALUMPY FLAGS

CONVERSION INSTRUCTIONS

SDF 76H SP — DP FCLSI 6AH SP — 64-bit signed INT
DSDF 77H DP — SP DFCLSI 6BH DP — 64-bit signed INT
LUICF 6CH SP « 64-bit unsigned INT
FFI 7CH SP — SP format INT LUICDF 6DH DP « 64-bit unsigned INT
DFFI 7DH  DP — DP format INT LSICF 6EH SP « 64-bit signed INT
FFIT 7EH  SP — SP format INT (Rnd to 0) LSICDF 6FH DP « 64-bit signed INT
DFFIT 7FH  DP — DP format INT (Rnd to 0) FCUIT 70H  SP — 32-bit unsigned INT (Rnd to 0)
DFCUIT 71H  DP - 32-bit unsigned INT (Rnd to 0)
FCUI 60H SP — 32-bit unsigned INT FCSIT 72H  SP — 32-bit signed INT (Rnd to 0)
DFCUI 61H DP —» 32-bit unsigned INT DFCSIT 73H  DP - 32-bit signed INT (Rnd to 0)
FCSI 62H SP — 32-bit signed INT FCLUIT 78H  SP — 64-bit unsigned INT (Rnd to 0)
DFCSI 63H DP — 32-bit signed INT DFCLUIT = 78H DP — 64-bit unsigned INT (Rnd to 0)
UICF 64H SP « 32-bit unsigned INT FCLSIT 7AH  SP — 64-bit signed INT (Rnd to 0)
UICDF 65H DP « 32-bit unsigned INT DFCLSIT 7BH  DP — 64-bit signed INT (Rnd to 0)
SICF 66H SP « 32-bit signed INT
SICDF 67H DP & 32-bit signed INT WDNM 74H WRAPPED — DENORM
FCLUI 68H SP — 64-bit unsigned INT DWDNM 75H DP: WRAPPED — DENORM
DFCLUI 69H DP — 64-bit unsigned INT '

17
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INTEGER ARITHMETIC INSTRUCTIONS IADDP E4H X+Y+1
BDIV 89H  8-bit signed X / 8-bit signed Y LIADDP AdH L: X+Y+1
HDIV 8DH  16-bit signed X / 16-bit signed Y ISUBM EtH X-Y-1
DIV 83H 32-bit signed X / 32-bit signed Y LisuBM AtH L X-Y-1
LIDIV C3H 64-bit signed X / 64-bit signed Y ISUBXM E2H Y-X-1
MIDIV 84H 64-bit signed X / 32-bit signed Y LISUBXM A2H L. Y-X-1
‘ IADDC EsH X+Y+CRY
BREM 8BH  8-bit signed X / 8-bit signed Y LIADDC ABH L: X+Y+CRY
HREM 8FH  16-bit signed X / 16-bit signed Y ISUBC E9H X - Y — CRY"
IREM 87H  32-bit signed X / 32-bit signed Y LISUBC AOH L X-Y-CRY*
LIREM C7H 64-bit.signed X /€4-bit signed Y - . - ISUBXC EAH Y - X - CRY*
MIREM 88H 64-bit signed X / 32-bit signed Y - - LISUBXC AAH L Y-X-CRY'
BITR F5H Bit reverse X ISMIN C6H signed MIN[X.Y]
LISMIN 86H L: signed MIN[X,Y]
IMULT F8H unsigned X » unsigned Y signed MAX[X,Y]

IMULTSX  F9H signed X - unsignedY

IMULTSY FAH unsigned X » signed Y

IMULTS FBH signed X « signed Y

BMULT F4H  8-bit signed X « 8-bit signed Y
HMULT FéH  16-bit signed X + 16-bit signed Y
IMULTH FCH unsigned X « unsigned Y — T(3
IMULTHSX FDH signed X « unsigned Y — T(32)
IMULTHSY FEH unsigned X « signed Y — T
IMULTHS FFH signed X « signed Y — T(32
LIMULT F7H 64-bit signed X » 64 {

igned MAX[X,Y]

unsigned MIN[X,Y]
unsigned MIN[X,Y]
unsigned MAX[X,Y]
unsigned MAX[X,Y]

signed Compare(X,Y)
L: signed Compare(X,Y)

unsigned Compare(X,Y)
L: unsigned Compare(X,Y)

IADD EOH EBH -X - CRY*
LIADD AOH ABH L: -X-CRY"
ISUB E5H EFH X
Lisus ASH AFH L: [X|
ISUBX E6H E7H =X
LiIsusx A6H A7H L. =X
INTEGER BOOLEAN

LSS FOH D6H X* and Y*
LLSS BOH LINOR 96H L: X'andY*
LS F1H IANDNX D7H X'andY
LLS B1H L: Logical shift X LIANDNX 97H L. X'andY

IXNOR DEH X xnor Y
AS F2H Arithmetic shift X LIXNOR 9EH L: XuxnorY
LAS B2H L: Arithmetic shift X IXOR DFH X xorY

- LIXOR 9FH L: XxorY

INAND DOH Xory* ISET D8H All Ones
LINAND 90H L: X'orY* LISET 98H L: AllOnes
IORNX D1H XtorY INOTX DoH xX*
LIORNX 91H L: X'orY LINOTX 99H L: X*
IORNY D2H Xory* IPASSY DAH Y
LIORNY 92H L. XorY* LIPASSY 9AH L. Y
IOR D3H XorY IPASSX DBH X
LIOR 98H L: XorY LIPASSX 9BH L. X
IANDNY D4H Xand Y* ICLR DCH 0
LIANDNY 94H L: Xand Y* LICLR 9CH L. 0
IAND DsH Xand Y INOTY DDH y*
LIAND 95H L: XandY LINOTY 9DH L. Y*

18
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DIV 00H XY MPY (DIV/SQRT)
DDIV 01H DP: X/ Lef-InNal * J=F«f = f =« j<f=fj*i*~]<F*]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
Description:  Floating Point Division.
Comments:  In the tables below, the first entry represents the flag that is set, the second represents the returned result. Once a
DIV instruction begins, enabling any input (X, Y or I) will restart the instruction with possibly anomalous results.
{EEE-WRAPPED UNDERFLOW MODE DEC MODE
X OPERAND - _ _ _ X OPERAND -
Y 0 DEN NORM INF Q S Y 0_| NORM R
0 INV, NaN/Q| DIVZANF DIVZANF INF NaN/Q  [INV, NaN/Q 0 INV/R| DIVZ/R | INV/R
O[DEN | ZR0 INV, NaN/Q sz(. DIVZAINE INF NaN/Q  [INV, NaN/Q o OVR
P OV/IWRP, INF, M) P |NORM| ZR/0 | NORM | INV/R
E |NORM ZR0 INX, ZRO NORM INF NaN/Q  |INV, NaN/Q E] __|UF, ZRNO
R _ UF/WRP s R R INVIR] INV/IR | INVRR
Al INF 2ZR/0 ZR/0 ZR/0 INV, NaN/Q
N Q NaN/Q NaN/Q NaN/Q NaN/Q
D[ S [NV, NaNAQ|INV, NaN/Q Nal Na D
IEEE-WRAPPED UNDERFLOW MOD
X OPERAND _
Y 0 DEN NORM S
0 LINV, NaN/Q | INV, NaN/Q DIVZANF NV, NaN/Q
O | DEN |INV, NaN/Q]INV, NaN/Q DIVZ/ANF ANV, NaN/Q
P OVAWRP, INE: M)
E |NORM ZRO ZRO NQHM: INV, NaN/Q
R . UF [ZRI0,
A | INF ZR/0 ZR0 ZRO INV, NaN/Q
N Q __NaN/Q NaN/Q \ : INV, NaN/Q
D S INV, NaN/Q { INV, NaN/Q INV, NaN/Q
SQRTX 02H VX MPY_(DIV/SQRT)
DSQRTX 03H DP: VX Lol {NAT 0 fof*T * T *1*f*lofof *1"]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
Description:  Floating Point Square Ro6t. The square root of operand X is returned.
Comments: Once a SQRTX instruction begins, enabling any input (X, Y or 1) will restart the instruction with possibly anomalous

results. In the tables below, the first entry represents the flag that is set, the second represents the result returned
to Z

IEEE WRAPPED

IEEE WRAPPED UNDERFLOW MODE
UNDERFLOW MODE DISABLED DEC MODE
X OPERAND | Z RESULT X OPERAND | Z RESULT X OPERAND | Z RESULT
3 INV, NaN/Q S INV, NaN/Q R INV/R
Q NaN/Q Q NaN/Q 0 0
—NF INV, NaN/Q —INF INV, NaN/Q +NORM +NORM
—NORM | INV, NaN/Q -NORM [ INV, NaN/Q —NORM INV/R
-DEN iNV, NaN/Q ~DEN ZR/I~0
-0 ZR/~0 -0 2R/—0
+0 ZR/+0 +0 ZR/+0
+DEN INX, ZR/+0 +DEN ZR/+0
+NORM +NORM +NORM +NORM
+INF +INF +INF +INF
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MULTWX
DMULTWX
MULTWY

DMULTWY

Description:
Comments:

{EEE-WRAPPED UNDERFLOW

04H XeY MPY

05H DP:X-Y CIL INAL O "L -1 -1 T -T-To[~"T1+]
06H X« Vi NY NX CRY DIVZ DY DX NaNRND INX INVUF OV ZR N
07H DP: X+ |Y| ,

Floating Point Multiplication. The wrapped operand is multiplied by [X, Y].

The chip must have IEEE Underflow mode set (IU=1), or underflows (wrapped outputs) will be set to zero. The
wrapped muttiply instructions assume that one of their operands is a wrapped underflow. They do not operate on
overflows. The result of WRAPPED X « WRAPPED Y is always too small to make a denormalized number, thus the
result always underflows and no instruction is provided. The denormalized number flag (DEN) will not be set if the
wrapped number looks like a denormalized number. I the resutt is too small to return as a wrapped number, then
the underflow and zero flags are raised and inexact zero is returned. in the tables that follow, the first entry represents
the flag that is set, the second represents the returned result.

IEEE-WRAPPED UNDERFLOW DISABLED

UNWRAPPED UNWRAPPED
OPERAND Z RESULT OPERAND Z RESULT
—
0 ZR/0 5, 0 ZR/O
DEN ZRD ZRO
NORM NORM
NORM ZR {, UFMO0, E] ZR [, UF)N0, E}
ZR, UFN' Note': Double INF__
INF INF_ result is too s __NaN/Q___ |
Q NaN/Q g INV, NaN/Q
S WV NalG | Wrepped re
MULT 08H XeY
DMULT 09H DP:X-Y VAT o f-(*f*~ 1= i1~ 1711 *"]1"}
MULTAY 0AH XelY] X*CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
DMULTAY O0BH DP:X-|Y|
MULTAX OCH Xj-Y
DMULTAX ODH DP:|X|-Y
MULTA OEH IXeY]
DMULTA OFH DP:[|X+Y]|
Description:  Floating Point Multiplication,. ] represents the absolute value of [X, Y]; X« Y] is the absolute value of the result.
Comments:  In the tables that follow, thefirst"éniry represents the flag that is set, the second represents the returned result.
IEEE-WRQP' DERFLOW MODE DEC MODE
X OPERAND _ _ _ X OPERAND
Y 0 DEN INF Q S Y 0 NORM R
0 ZR0. ZRA g NV, NaN/Q | NaN/Q__|INV, NaNAQ | 0 | ZR0 | ZRO [ INV/R]
O[ DEN | ZR0 | INX,ZR0 | INX, ZR0O INF —Na/Q__|INV, NaNQ| © - OVR
P OVAWRP, INF, M] - P |NORM| ZR/0 | NORM | INV/R
E | NORM ZR0 INX, ZRO NORM INF “"NaN/Q |INV, NaN/xQ E|l ZR, UF/0
R UF/WRP _ | R R [INVRT INVR [INVR
A ] INF | INV, NaNQ INF INF INF NaN/Q |INV, NaN/Q A
N Q NaN/Q NaN/Q NaN/Q NaN/Q NaN/Q  |INV, Nal N
D[ § [NV, NaNAQ[INV, Nal , Na TNV, NaN/AQ [ INV, NaN/Q | INV, NaN D
1IEEE-WRAPPED UNDERFLOW MODE DISABLED
X OPERAND _ _ _ _ _
Y 0 DEN NORM INF Q S
0 ZRO ZR/0 ZR0 TNV, NaN/Q NaN/Q |INV, NaN/Q
o[ DEN ZR/0 ZR/0 , [INV, NaN/Q | NaN/Q . NaN
P OVAWRF, INF, M]
E | NORM ZR0O ZR/0 NORM INF NaN/Q |INV, NaN/Q
R UF [.ZR}0, E]
A | INF [ INV, NaN/Q] INV, NaN/Q INF INF NaN/Q  [INV, NaNQ
N[Q NaNQ_ | NaN/Q NaN/Q NaN/G__ | NaN/Q_|INV, Na
D[ S | INV, NaNAQ[INV, NaN&I| INV. NaN/Q  |INV, NaN/Q | INV, NaN/Q]INV, NaN/Q
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ADD 30H X+Y ALU
DADD 31H DP:X+Y I I I Y779 I I I I G O I B L
SuB 32H X=-Y NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
psSuB 33H DP:X-Y
SuBX 34H Y-X
DSUBX 35H DP:Y-X
ADDA 38H IXi + Y]
DADDA 39H DP: X} + 1Y}
SUBA 3AH Xi =Y
DSUBA 3BH DP: |X]|-1Y]
SUBXA 3CH 1Yl = IX|
DSUBXA 3DH DP: Y| - X
Description:  Floating point addition and subtraction. [|X|, |Y|} represents the absolute value of [X,Y].
Comments:  When the sum of two operands with opposite signs (or the difference of two operands with like signs) is exactly zero,
the result is +0 for all rounding modes except round to minus infinity, in which case, the result is 0. Note that (+0)
+ (+0) = (+0) = (-0) = +0 and (—O) + (=0) = (-0) - (+0) = =0ifor all rounding modes. In the tables that follow, the first
entry represents the flag that is set, the second repre Z
IEEE-WRAPPED UNDERFLOW MODE DEC MODE
X OPERAND ' : X OPERAND
Y 0 DEN Y 0 | NORM R
0 ZR0 UF/WRP (] ZR/0 | NORM | INVIR
o o OVR
P| DEN | UFWRP UF/WRP P | NORM |[NORM| NORM |} INV/R
E NORM E | |zZRUFO] |
R OV/IWRP, INFM) R R INVIR] INV/R 1 INV/R
A |NORM| NORM NORM INV, NaN/Q] A
N UF/WRP N
D D
INF INF INF NaN/Q | INV, NaN/Q
Q NaN/Q NaN/Q NaN/Q | INV, NaN/Q
§ |INV, NaN/Q| INV, NaN/Q INV, NaN/Q[INV, NaN/Q
X OPERAND IEEE-WRAPPED UNDE DISABLED NOTE 1:(+INF) + (~INF) — NaN
Y ~ 0 DEN Q S (+INF) + (+INF) - +INF
) R0 ZR0 NaN/Q__ [TV, NaN/Q | (+INF) — (+INF) — NaN
o[ DEN ZR/0 ZR/0 NaN/Q__|INV, NaN/Q (~INF) + (-INF) = -INF
P (~INF) — (~<INF) — NaN
E{NORM| NORM NORM NaN/Q  [INV, NaN/Q (+INF) — (~INF) — +INF
: e (—INF) + (+INF) - NaN
N| INF INF INF INF INV, NaN/Q']  NaNi@  |INV, NaNiQ (-INF) - (+INF) - -INF
D Q __NaN/Q NaN/Q NaN/Q NaN/Q NaN/Q |INV, NaN/Q
S INV, NaN/Q[ INV, NaN/Q INV, NaN/Q INV, NaN/Q | INV, NaN/Q | INV, NaN/Q
MIN 24H MIN[X, Y] ALU
DMIN 25H DP: MIN[X, Y] Lot 1" INNAT (" [*Joloj~-t*fjo7]"*1°"]
MAX 26H - MAX[X, Y] NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
DMAX 27H DP: MAX[X, Y]
Description:  These floating point instructions return the smaller of the two operands X and Y (MIN/DMIN) or larger (MAX, DMAX).
Comments: The carry flag is reset if X is returned, otherwise it is set. X is returned if X = Y, except that MAX/DMAX (-0, +0) =

+0 and MIN/DMIN (+0, -0) = =0. The Invalid Op flag is set if either operand is a signaling NaN. I either operand
is not-a-number, then the result is not-a-number. In IEEE Wrapped Underflow mode, a denormalized result is wrapped
and the underflow and inexact flags are set. If either operand is a NaN, CRY is unspecified.
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ABSX 28H 1X| ALU
DABSX 290H DP: |X] ofl-l-InAfol*f*JoJo]*1*Jol ~*T°*
NEGX 2AH ~X NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
DNEGX 2BH DP:-X
PASSX 2CH X
DPASSX 2DH DP: X
Description:  These single operand floating point instructions use the X operand input. PASSX/DPASSX returns X through the
ALU. If X is denormalized and wrapped underflow mode is reset, zero is returned, otherwise, the result is wrapped
and the underflow flag is set.
Comments: PASSX and DPASSX with an infinity input sets CRY, otherwise CRY is reset.
CLRS " 18H Single precision Clear sign- ALU
DCLRS 18H DP: Double precision Clear sign tojojo jNAJoJoJToToToToJoJorTol"]
INVS 1AH Single precision Invert sign NY NX CRY DIVZ DY DX, NaN RND INX INVUF OV ZR N
DINVS 1BH DP: Double precision Invert sign
Description:  Exponent and Mantissa of X are passed. Sign(X) is:eith
Comments:  Input operand values are not checked and exceptions ar,
CMPR 36H COMPARE(X, Y)
DCMPR 37H DP: COMPARE(X, Y)
CMPRA 3EH COMPARE(|X|, {Yi
DCMPRA  3FH DP: COMPARE(]X
Description:  Floating Point compare |X|,
Comments:  Unordered operands (ej
completely specify the reg
relative magnitude of opé
input Output ZR
X>Y 1 0
X<¥Y -1 ]
X=Y 0 1
X, Y)NaN| NaN | 1
MADD  12H XY, X4Y M A e e —
DMADD 13H DP:X+Y, X+Y Lo 1 INAT O TFT+T] | I DO O U I R
MSUB 14H XV X—V NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
: ) ALU
DMSUB 15H DP: XY, X-Y —r B I e e i I E——
MSUBX 16H X.Y,Y-X L1 10 INNAT" T+ ] I G O I O
DMSUBX 17H DP: XY Y-X NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
Description:  Floating Point Multiply/Add(or subtract) instruction. Multiplication is performed by the MPY, whereas addition or
subtraction is parformed by the ALU.
Comments:  See the ADD and MULT instructions for details regarding the flags and operation result,
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PASSXM  10H MPYZ « X MPY —
DPASSXM 11H DP:MPYZ « X [oloINALl 0 Jolololo olololol ] ]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description: The X input is returned unmodified through the MPY.

Comments: The flags are reset (except for N and ZR).

SOALE 20H X2/ LAtl)-L:'IO1N/AIOI'I'IOI‘L’I‘]'I'I'I
VRPN §
DSCALE 21H DP:X-2 NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  The floating point input X is multiplied by 2 to the power of integer input Y.

Comments: If X is zero, infinity, or NaN then:the output will be zero, infinity, or NaN, respectively. Y is always input as a 32-bit
integer, however, the loast significant 8 bits (single precision), or 11 bits (double precision) are interpreted as a 2's
compliment integer. Other bits of Y are ignored.

IEEE-WRAPPED UNDERFLOW MODE
X OPERAND _
Y ) —__DEN NORM INF
0 ZR/O ZR, UF, INX/0 X INF
o OVAWRP, INF, M] DEC MODE
Pled | ZRO | ZR, UF INXO NORM IN| X OPERAND
UF/WRP o NORM R
0 ZR/0 X INV/IR
. (o] OV/R
IEEE-WRAPPED UNDERFLOW MODE D P| «>0 | ZRr0o | NORM [INV, NaN/R
X OPERAND _ UE, ZR/0
Y 0 DEN
0 ZRO | ZR0O
(o] ) -
P| <>0 ZRO | ZRO - NaN/Q
MERGE 22H SIGN(X) | EX

DMERGE 23H DP: SIGN(X) LE

ANT(X) Llojoflo (NAjoflofolololoj*f*fo]°"]
NY NX CRY DIVZ DY DX NaNRND INX INVUF OV ZR N

Description: concatenated with the sign and mantissa field of X.
Comments: K a NaN or INF results, thie overflow fiag is set. If a denormalized number or zero results, the underflow flag is set.
NOP 58H No operation

Description:  All registers and flags, except PE, remain unchanged if OF T=0 and EC=0. The result is unspecified.

Comments:

Parity is checked during NOP's (and all unimplemented instructions) and the PE flag is updated.

CLRFLAG S9H ALUMPY FLAGS «- 0 ALU and MPY

lofojofo fofolojoloiofojolojo]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  The flag registers are cleared, interrupt enable and mode registers are unaffected.

Comments:

if an interrupt has frozen the flag register (see freeze on interrupt mode), CLRFLAG will clear and unfreeze the
register. While CLRFLAG affects both ALU and MPY flag registers, it executes only in the MPY. CLRFLAG will
override clock enables (AFEN* and MFEN"*).
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ALU
PASSXAR 51H  Pass X, set ALU registers I .77 I S N S I S I M |
PASSXMR 50H  Pass X, set MPY or DIV/SQRT.  NY NX CRY DIVZ DY DX NaN RND INX INV UF OV 2R N
registers MPY (DIV/SQRT)

Lol INnvaf = JT-J]° FT*1*~1=-J<j*T1*71°*]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  This instruction passes the X operand and uses the Y operand to set the ALU, MPY or DIV/SQRT flags (see bit map,
below).

Comments:  Used to set or restore registers and flags. If the Bx130 is interrupted, data can be read from T[0..63] and the flag pins
(FLAG[0..13]).and stored. in system memory. By clocking the Bx130 and writing results and flags to memory, a
complete "snapshot" of the Bx130 can be taken. Data can then be loaded back into the Bx130 using PASSXAR and
PASSXMR as appropriate. If PLFT=0, two PASSXAR instructions are needed to set the ALU input and pipeline
registers, and/or three PASSXMR instructions are needed to set the MPY input and pipeline registers and the DIV/
SQRT input register. if PLFT=1, one PASSXAR instruction is needed to set the ALU input register, and/or two
PASSXMR instructions are needed to set the MPY and”DIV/SQRT input refisters. Note that only those flags
appearing on FLAG[0..13] can be saved using this pr

Z[63.0] = X[63..0]  DIVZ = Y[61] (Mor D) RI
NY = Y[63] DY «Y[60] 1

NX = Y[62] DX = Y[59)
CRY = Y[61] (ALU)  NaN = Y[58]

FREGAR 52H
FREGAW  53H
FREGMR  SAH
FREGMW  SBH

MPYZ « AFLAGS

IREGAR 54H
IREGAW 55H
IREGMR SCH MPYZ « MINTEN:

IREGMW  5DH MINTEN « X
MREGR 56H MPYZ « MODE .
MREGW 57H MODE « X

Description:  Register access instr fREGx accesses the flag registers, IREGx accesses the interrupt enable registers and
MREGx accesses the mode fagisters.

Comments:  The contents of the multiplier X operand register are used to write status registers. The result of status register read
operations appear on the multiplier Z port.

ALU

SDF 76H  SP -»DP N .7l O B Gl N A |
- NY NX CRY DIVZ DY DX NaNRND INX INVUF OV ZR N

Description:  Floating point precision conversion instruction. Conversion is carried out on the X operand.
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ALU

DSDF 77H DP - SP Col-To [NAJol "1 1° 1 -1 1 l"1"J"]
- NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  Floating point precision conversion instruction. Conversion is carried out on the X operand.

Comments: CRY is set if a normalized double precision number is output as a single precision infinity. This will occur i overflows
are not wrapped, or if the result is too large to be represented by a wrapped overflow. if a result underflows to the
extent that it cannot be wrapped, zero is returned and the ZR, UF and INX flags are set. Refer to ANSIVIEEE STD.
754, section 7.3 (overflows) for additional information.

FFI 7CH SP — SP format integer ALU

DFF1 70H DP — DP format integer [ To JNAJoT-T1 = J* 1 *f1"fofjofl 1"}
FFIT 7EH  SP.— SP format.integer (Round.to 0) - NY NX CRY DIVZ DY DX-NaN RND INX INVUF OV ZR N
DFFIT 7FH DP — DP format integer (Round to 0)

Description:  Floating point conversion instruction. The floating point number at the X operand input is rounded to an integral valued
floating point number in the same format.

Comments: FFIT/DFFIT always rounds toward zero, regardless of the, roundlng mode The INX fiag will be set if the result is
greater than the magnitude of the
input.
FCul 60H SP — 32-bit unsigned integer
DFCUI 61H DP — 32-bit unsigned integer NG /i T~ 11 *loJojf *1*1
FCst 62H SP — 32-bit signed integer VZ.DY DX NaN RND INX INVUF OV ZR N
DFCSI 63H DP — 32-bit signed integer ..
UVICF 64H SP « 32-bit unsigned integ,
UICDF 65H DP « 32-bit unsigned intec
SICF 66H SP « 32-bit slgned i
SICDF 67H DP « 32-bit sign
FCLUI 68H
DFCLUI 69H
FCLSI 6AH
DFCLSI 68H
LUICF 6CH
LUICDF 6DH
LSICF €EH
LSICDF 6FH
FCUIT 70H
DFCUIT 71H :
FCSIT 72H SP — 32-bit sighed integer (Round to 0)

DFCSIT 73H DP — 32-bit signed integer (Round to 0)
FCLUIT 78H SP — 64-bit unsigned integer (Round to 0)
DFCLUIT 79H DP — 64-bit unsigned integer (Round to 0)
FCLSIT 7AH  SP — 64-bit signed integer (Round to 0)
DFCLSIT 7BH DP -» 64-bit signed integer (Round to 0)

Description:  Floating point to integer and integer to floating point conversion instructions. Input operand X is converted to the
indicated format. All instructions foliow the programmed rounding mode (see mode register), except the xxxT format
instructions which always round toward zero.

Comments: When afloating point to integer conversion instruction overflows, the invalid operation flag is set and the result is either
the most positive (for positive overflows) or the most negative (for negative overflows) integer. For example:

Input 2% 2%) if a NaN is converted fr i i i

e - - om floating point to an integer,
32-bit signed result: | __7FFFFFEFE 80000000 the result is an overflow with the sign of the NaN.
64-bit signed result: | 7FFFFFFFFFFFFFEF | 8000000000000000

32-bit unsigned result: FFFFEFFE 00000000 . . I .

4.5t unsigned result. | FEFEEEFFFFFFFFFF | 0000000000000000 integer to floating point conversion instructions can

never set NaN flag.
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WDNM 744  WRAPPED — DENORM R R R e R o e ——
DWDNM  75H  DP: WRAPPED —» DENORM NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  This floating point ALU instruction converts the wrapped X input to a denormalized number. Inexact and rounded-
up bits are used as additional inputs.

Comments:  The UF flag is set if the result is inexact. This corresponds to the IEEE specification, which says that an underflow
shall be signaled if a result is denormalized and inexact. The inexact and rounded-up flags are used as inputs to
prevent a double-rounding error. These flags must be set equal 1o the corresponding flags of the operation that
produced the wrapped underflow. The rounding mode must also be the same as when the wrapped underflow was
produced. The rounded-up flag is unspecified after this operation. In normal operation, the inexact and rounded-up
flags are latched externally.and:written-to the ALU just before the WDNM/DWDNM instruction.

'aN

8-bit signed X / 8-bit signed Y

HDIV 8DH 16-bit signed X / 16-bit signed Y ND INX INVUF OV ZR N
DIV 83H  32-bit signed X / 32-bit signed Y

LIDIV. C3H 64-bit signed X / 64-bit signed Y .

MIDIV 84H 64-bit signed X / 32-bit signed .

W< flag. BDIV and HDIV results are returned sign- -
(X, Y or 1) will restart the instruction with possibly
d formats.

Description:  Integer division, return quotient. Divj;
extended. Once a DIV instructi
anomalous results. Refer to

MBY (DIV/SQRT)
0 *

0

o 0 010
BREM 8BH  8-bit signed X NY NX CRY DIVZ DY DX Na

HREM 8FH  16-bit signed X
IREM 87H  32-bit signed X / 32-bj
LIREM C7H  64-bit signed X / 64

MIREM 88H  64-bit signed X /

Description:  Integer division, retu
extended. Once a RE
anomalous results. R

Y is zero, the DIVZ flag is set. BREM and HREM results are returned sign-
uction begins, enabling any input (X, Y or 1) will restart the instruction with possibly
to page 6 for BREM and HREM word formats.

. MPY
IBITR F5H Bit-reverse X 0]0] 0 INATOTOT 0T o T ol oToTo T =T~

NY NX CRY DIVZ DY DX NaNRND INX INVUF OV ZR N

Description:  Bit-reverse X.
Comments:  The 32-bit X operand is bit-reversed, the Y operand is ignored. The result is a 32-bit unsigned integer. IBITR is
executed in the MPY unit.

IMULT F8H unsigned X + unsigned Y MPY

IMULTSX FOH signed X » unsigned Y Lofol o [NAJoJoJoToToloJolol -1 -1
IMULTSY  FAH unsigned X - signed Y NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

IMULTS FBH signed X - signed Y

Description:  Integer multiplication instructions returning a 64-bit result.
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LIMULT F7H  64-bit signed X » 64-bit signed Y MPY (DIV/SQRT)
[0JoJ o [NNAJoJol o lololojol"f"f" ]
NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  Long integer multiply, returmng a 64-bit result and overilow flag.
Comments:  This multiply operation is performed in the DIV/SQRT unit. Once a LIMULT instruction begins, enabling any input
{X, Y or §) will restart the instruction with possibly anomalous results.

BMULT F4H 8-bit signed X « 8-bit signed Y MPY
HMULT FéH 16-bit signed X » 16-bit signed Y [cToJoINAJololofofolofof"f"1{"]j
IMULTH FCH unsigned X eunsigned Y . - . . NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

IMULTHSX FDH signed X « unsigned Y
IMULTHSY FEH unsigned X « signed Y
IMULTHS  FFH signed X « signed Y

Description:  Integer muttiplication instructions returning the least significant 32 bits. BMULT.and HMULT results are returned zero-

IADD EOH

LIADD AOH LX+Y JNA .
isus ESH ¥ D1 Y DX NaN RND INX lNV UF OV ZR N
LisuB ASH LX-Y :

1SUBX E6H

LISUBX A6H LyY-X

{ADDP E4H X+Y+1

LIADDP AdH LX+Y+1

iIsusM E1H X-Y-1

LISUBM A1H LiX-Y

ISUBXM E2H Y- X

LISUBXM  A2H LyYy-X

{1ADDC E8H X+Y+C

LIADDC ASH L: X+Y+CRY

ISUBC E9H X-Y~-CR

LIsuBC ASH L:X-Y-CRY*
ISUBXC EAH Y-X-,
LISUBXC AAH L:Y-X-

Description:  Integer addition and s
Comments:  The function of the carry input used for ISUBC LISUBC, ISUBXC, LISUBXC can be changed with mode register BM
(Borrow Mode, bit-7). See mode register section for additional information.

ISMIN C6H signed MIN[X, Y] ALU

LISMIN 86H L: signed MIN[X, Y] [oJof - [NAJolofo [0 Jojojojol"* |”]
ISMAX C2H signed MAX[X, Y] NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
LISMAX 82H L: signed MAX[X, Y}

IUMIN CEH unsigned MIN[X, Y]

LIUMIN 8EH  L: unsigned MIN[X, Y]
IUMAX CAH unsigned MAX[X, Y]
LIUMAX 8AH L: unsigned MAX{X, Y]

Description:  The larger of the two operands X and Y is returned (ISMAX/LISMAX, IUMAX/LIUMAX) or the smaller of the two
operands is returned (ISMIN/LISMIN, IUMIN/LIUMIN).

Comments:  Sign and zero flags are set based on returned result. The carry flag is reset if X is returned, otherwise it is set. X
is returned if X = Y.
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ISCMPR  CiH signed Compare(X,Y) ALU _
LISCMPR 81H  L:signed Compare(X,Y) 0]0] - [NAJOJ0J o0 0 J0]0l0]0
[UCMPR  COH  unsigned Compare(X,Y) NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

LIUCMPR 80H L: unsigned Compare(X,Y)

Description:  Signed and unsigned integer instructions compare X and Y, and return the following values based on the relative

magnitude of operands X and Y.
| Fiag

Input [Output | ZR | N |CRY
X>Y 1 0 0 1
X<¥Y -1 0 1 0
X=Y 0 1 0 0

INEGC EBH =X - CRY* ALU

LINEGC ABH L: =X - CRY*

IABSX EFH IXi

LIABSX AFH L: |X]

INEGX E7H =X

LINEGX A7H L:-X

Description:  Single operand integer arithmetic instructio
Comments: The function of the carry input used for INE

LSS FOH Logical shift ALU :
LLSS BOH LLoglcalshiﬂ lojol* INAJOJOJO O tololojoli = 1t"]
LS . FiH NY NX CRY DIVZ DY DX NaNRND INX INVUF OV ZR N
LLs B81H L: Logical shift:
Description:  Integer shift instructions,. . bits (sign extended) of the Y-operand ({n}) determines the shift. f {n} > 0, then
shift left by {n}; if {n} = ight by -{n}. i {n} = 0, then no shift is performad. For LSS/LLSS right shiits,

all bits of the result s :”are or'd with the least significant bit position of the result (i.e., sticky bit). Zeros are
shifted in during right and'Jeft"shms

Comments:  Carry bit receives the last bit shifted out of the operand if {n} = 0. Flags are set based on a signed operand. The
overflow flag is reset. Carry is reset if {n} = 0. Y is a 32-bit integer.

AS F2H Arithmetic shift X ALU
LAS B2H. L: Arithmetic shift X tojol* INAJOfOJO JO Jojoiof-1"1°"]
: NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N

Description:  Arithmetic shift instruction. The low 7 bits (sign extended) of the Y-operand ({n}) determines the shift. If {n} > 0, then
shift left by {n}; if {n} < O, then shift right by —{n}. If {n} = 0, no shift is performed. For left shifts, zeros are shifted
in. For right shifts, AS/LAS shifts in copies of the sign bit.

Comments: Carry bit receives the last bit shifted out of the operand if {n} # 0. Carry is reset if {n} = 0. Flags are set based on
‘a signed operand. Left AS/LAS shifts set the OV flag if any bits shifted out differ from the result sign. Y is a 32-bit
integer.
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INAND DOH X' orY* ALU

LINAND 90H L: X*or Y* 0100 INNATOIO] O 0 olojojof 1+
IORNX DiH XorY NY NX CRY DIVZ DY DX NaN RND INX INVUF OV ZR N
LIORNX 91H L:X'orY
fORNY D2H XorY*
LIORNY 92H L: XorY*
IOR D3H XorY
LIOR 93H L:XorY
IANDNY D4H Xand Y*
LIANDNY 94H L: Xand Y*
IAND DsH XandY
LIAND 95H L: Xand Y
INOR Dé6H X* and Y*
LINOR 96H L: X* and Y*
IANDNX D7H Xand Y
LIANDNX O7H L:X*and Y

IXNOR DEH X xnor Y
LIXNOR 9EH L: X xnor Y
IXOR DFH X xorY
LIXOR SFH L: XxorY
ISET DsH Z = all ones
LISET 98H L:Z = all ones
INOTX DgH

LINOTX 99H
IPASSY DAH
LIPASSY 9AH

IPASSX DBH
LIPASSX 9BH
ICLR DCH
LICLR 9CH
INOTY DDH
LINOTY 9DH

Description:  Boolean logic instructions., '
Comments:  Flags are set based on si

Note: The following opcodes should not be used. Flag and data results are undefined.
BIT maintains the right to use these opcodes in future products or upgrades.

1CH — 1FH

2EH, 2FH

40H — 4FH

S§EH, 5FH

85H, 8CH

A3H, ACH - AEH

B3H — BFH

C4H, CsH, C8H, C9H, CBH — CDH, CFH
E3H, ECH — EEH

F3H
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BIT
Floating Point Processor o
B2130/B3130/B4130 i) FLAGO
1 ———Tvﬁ FLAG1
€S I \ 4.1/
CLK FLAG2
sok €2 Clocks (:::) FLAGS
12 ————-5—116 FLAG4
x12 1 W19 pac
1o (un) Instructions (V16) S
7 Flags X14) FLAGS
———-1—4 FLAG?
Axsero 20 | _____(‘ﬁ’hl FLAGS
AXSEL1 - ——%—;} FLAG9
AYSELO Lo EE—— —_—(Xﬁl FLAG10
AYSEL1 ———-——(m—sl FLAGT1
mxsero K18 __—(TE! FLAG12
MXSEL1 e __.....__(—-l FLAG13
mysero {8
MYSEL1 1‘%9——— OFT
MZSEL 5!9’——— PLFT
aseLo &8
w20
(va21
CLTHX
(Y20 oy
019 roen:
X15
Qutput FOEN*
Enables (U13) ooene
:.__'4__(21_12 FSOEN*
g:’ SMODE
n Path SDIN
Scan Pat Wiy oW
r
X5 . (E1)
xes & ° 0
(825 | :
vo {228 Data Inputs - Data Output .
. S _(A25) L.
ves X258 °
xpo V0|
: (F) 1po
xp7 &0 ° Parity Output .
ypo X248 . Parity Inputs y P *_(c19) .
ypy (W22)

Figure 2 — Pin Assignments
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Signal Description

DATA

X[63..0} 64-bit X input port.

XP[7..0} Byte parity bits corresponding to the X input port.
(XP[0] corresponds to byte-0 of the X input port
(X[7..0)), XP[1] to byte-1 (X[15..8]), etc.).

Y[63..0] 64-bit Y input port.

YP[7..0] Byte parity bits corresponding to the Y input port.
{YP[0] comresponds to byte-0 of the Y input port
(Y[7..0]), YP[1] to byte-1 (Y[15..8]), etc.). ..

T163..0] 64-bit T output port. Single precision results are -
output on both the LSW and the MSW of T.

TP[7..0] Byte parity bits corrasponding to the T output
port. (TP[0] corresponds to byte-0 of the T output
port (T[7..0}), TP[1] to byte-1 (T[15..8)), etc.).

CONTROL

1[7..0] 8-bit instruction bus. Determines the instru

executed by the internal computational

FLAG [13..0] Flag output pins. Flags are out
with FLAG QUTPUTS (see

OFT
control and status regi
tnggered registers whe

PLFT
::stage pipelines
when low. Conflgur 2se elements as
flowthrough when high. ’APLEN*, and MPLEN*
are ignored when PLFT is high.

RESET Reset pin to the device. Resets MODE, STATUS,

and INTEN registers to "0" when asserted (high).
AXSEL[1..0] MultiplexerselectforALUinput operand X. Selects
between one of four sources as follows:
00 - X port
01 - A register
10 - ALU feedback
11 - MPY feedback

AYSEL[1..0]
between one of four sources as follows:
00 - Y port
01 - A ragister
10 - ALU feedback
11 - MPY feedback

Muttiplexer selectforALU inbutoperand Y. Selects

MXSEL[1..0] Mutltiplexer select for MPY input operand X.
Selects between one of four sources as follows:
00 - X port
01 - A register
10 - ALU feedback
11 - MPY feedback
MYSEL[1..0] Multiplexer selectfor MPY inputoperand Y. Selects
between one of four sources as follows:
00 - Y port
01 - A register
10 - ALU feedback
11 - MPY feedback

MZSEL

Muttiplexer select for MPY or DIV/SQRT output
operand Z. Selects between the two as follows:
0 - MPY output

1 - DIV/SQRT output

Multiplexer.select for output operand T. Selects
betwes 6:0f two sources as follows:

Z

selected output

tittiploxer select for A register input. Selects
between one of four sources as follows:

" 01-Y port
10 - ALU feedback
11 - MPY feedback

When high, copy the X operand LSW to its MSW.
Internally the MSW is used for single precision
operations. Must be zero for double precision
operations.

CLTHY When high, copy the Y operand LSW to its MSW.
Internally the MSW is used for single precision
operations. Must be zero for double precision
operations.

CLOCK ENABLES

AXEN", AYEN" Active low enables for ALU operand registers.
AXEN"* enables the ALU X operand register and
AYEN"® enables Y.

MXEN®*, MYEN" Active low enables for MPY and DIV/SQRT
operand registers. MXEN* enables the MPY X
operand register and MYEN* enables Y.

AIEN®, MIEN® Active low enables for the instruction registers.
AIEN* enables the ALU instruction register, and
MIEN® enables the MPY and DIV/SQRT
instruction register.
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DIVEN*

When DIVEN" is low, MXEN*, MYEN* and MIEN®
are used to individually enable the DIV/SQRT X
and Y operand and instruction registers, while
the MPY(X, Y and Z) registers are disabled. When
DIVEN® is high, the DIV/SQRT(X,Y and Z)
registers are disabled and MXEN*, MYEN" and
MIEN"* enable the MPY registers.

APLEN*, MPLEN* Active low enables for the ALU and MPY

pipeline registers. APLEN" enables the ALU pipe,
and MPLEN* enables the MPY.

AFEN*, MFEN* Active low enables for the ALU and MPY flag

ZEN*
AEN*

OUTPUT ENABLES

TOEN*
FOEN*
TSOEN*

FSOEN*

32

registers. AFEN* enables the ALU flag register,
and MFEN* enables the MPY. Useful for state
restoration.

Active low enable for the Z output register.

Active low enable for the A register.

Active low output enable for the T outp,
Active low output enable for the flag

Synchronous active low outpd
output port.

Synchronous active lo
flag port.
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CLOCKS

CLK Master clock for the device. All internal registers
are clocked with this input. Rising edge triggered.

SCLK Scan Clock. Used as the clock input, to shift
serial data in the scan path, when SMODE=1.
(CLK is used as the clock input when SMODE=0.)

SCAN PATH

SMODE Configures the on-chip registers in the scan path
as a long, continous serial shift register when
high.

SDIN input port to the scan path.
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Electrical Specifications

NOTE: While interface signals for the B4130 are compatible with 100K ECL standards, it requires a Vee
of -5.0Vdc.
—— lute Maxi in

Note: Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied
and device reliability may be impaired by exposure to higher than recommended conditions.

Parameter Symbol Value Units
B2130 With Heatsink | Without Heatsink
Supply Voltage (V,, = 0) Ve -0.5 to +7.0 -0.5t0 +7.0 Ve
input Voltage (Voo = 0) Via -0.5 to Vcc +0.5 | ~0.5to Vec +0.5 Vdc
Storage Temperature L =55 to +125 -55 to +150 °C
Junction Temperature Tj 135 3 °C
Parameter Units
B3130 / B4130 Without Heatsink
Supply Voltage -7.0to +0.5 Ve
Input Volitage Vee to +0.5 do
Output Source Current
Continuous (50 Q output) 30 mAd c

Storage Temperature —55 to +125 -55 to +150 °C

" Junction Temperature 225 °C
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Table 2 — Recommended Operating and Test Conditions

Note: The following environmental conditions pertain to guaranteed DC and Switching characteristics for chips soldered into circuit boards. These
conditions should not be exceeded during normal operation.

Parameter (B2130) Symbol Min Nom Max Units
Supply Voltage (V,, = 0) Ve 4.75 5.0 5.25 Vi
Operating Junction Temperature jo' 20 _ 125 °C
Theta, junction to ambient la" 2.1 °C/Watt
Parameter (B3130) Symbol Min Nom Max Units
Supply Voltage (V= 0) Voo -5.46 -5.20 -4.75 Vi
Operating Junction Temperature 125 °C
Output Termination to —2.0 V,,, Q
Theta, junction to ambient °C/Watt
Parameter (B4130) Max Units
Supply Voltdge (V.= 0) -4.75 Vi
Operating Junction Temperature 125 °C
Output Termination to 2.0 Vdc 0
Theta, junction to ambient 2.1 °C/Watt
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Table 3 — DC Characteristics
Parameter (B2130) | Symbol Min Max Units
Input Voltage High _ Vi 2.0 Vi
Input Voltage Low Vi 0.8 Vi
Output Voltage High Ven 24 Vi
Output Voltage Low Vo 0.5 Ve
Parameter (B3130) | Symbol Tlo min T,o nom Tlo max Units
‘ Min | Max Min | Max Min | Max
Input Voltage High Vin -1.17 -1.13 -1.07 Ve
input Voltage Low v, -1.45 Ve
Output Voltage High Von -0.92 Ve
Output Voltage Low Vg -1.60 Ve
Parameter (B4130) | Symbol i | i Max Units
Input Voltage High Vi ~0.880 Vi
Input Voltage Low A -1.475 Vi
Output Voltage High Von —0.880 Vi
Output Voltage Low Vi -1.620 Vi
Parameter -12 Units
Max Supply Current, B2130 46 Ay
Max Supply Current, B3130 / B4130 55 49 A,
Max Input Current High, B2130 Iih 0.1 0.1 mA,,
Max Input Current High, B3130 / by 0.3 0.3 mA
Max Output Current High, B213 Ioh -2.0 ~-2.0 mA,.
Max Output Current Low, B2130 by 8.0 8.0 mA,,
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Table 4 — Switching Characteristics
Min Max

Parameter Symbol | TTL | TTL [ ECL [ ECL | TTL{ ECL | Units
-10 | =12 | =10 | —12

Setup-hold Time

Input Register Setup t, 3.0 3.0 25 25 ns
Input Register Hold t 25 25 1.5 2.0 ns
XSEL/YSEL to CLK Setup L 3.0 3.0 25 25 ns
XSEL/YSEL to CLK Hold L 25 25 1.5 2.0 ns
TSEL to CLK Setup L 45 4.5 4.0 4.0 ns
TSEL to CLK Hold ten 25 25 1.0 1.0 ns
MZSEL to CLK Setup tnzss 45 45 4.0 4.0 ns
MZSEL to CLK Hold tzsh 25 1.0 ns
XEN*/YEN* to CLK Setup tves 3.0 ns
XEN*/YEN* to CLK Hold tiven ns

Output Delays
‘ Register to Register Mode

Z Register to Data (T) 1.0 12.0 7.0 ns

Z Register to Parity (TP) 1.0 12.0 7.0 ns
Flag Register to FLAG[0..12] 1.0 12.0 7.0 ns
Flag Register to INT (FLAG[1 1.0 1.0 13.0 8.0 ns
XSEL/YSEL )t
teys;
TSEL )t T
tSS ——— P tsh
MZSEL )t T
tmzss P tmzsh
XEN*/YEN* T j(
txyes — ¢ txyoh
CLK yd AN /

Figure 3 — Timing Diagrams: Setup and Hold Times
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Table 5 — Register to Register Mode Operate Times

Parameter

Symbol

Max

(=10)

(-12)

Units

XREG/YREG to PREG (OPp)
Pipeline Mode

SP/DP FALU
1ALU

SP/DP FMPY
IMPY (32)

XREG/YREG to ZREG (OP)
Non-Pipeline Mode
(Latency, or t )
DP FALU Operate
IALU Operate

DP FMPY Operate
IMPY (32/32) Operate

PASSXMR (in DIV/SQRT Unit)

SP FDIV Operate
DP FDIV Operate

SP SQRT Operate
DP SQRT Operate

IDIV (32/32) Operate
IDIV (64/64) Operate.
IDIV (64/32) Opera

IMPY (64/64) Qp

10.0
10.0

10.0
10.0

12.5
12,5

12.5
12.5

ns
ns

ns
ns

ns
ns

ns
ns

ns

ns
ns

ns
ns

ns
ns
ns

ns

Parameter .;

Max

Units

Pipeline Mode
PREG Register to Data (T)
PREG Register to Parity (TP)
PREG Register to FLAG[0..12]
PREG Register to INT (FLAG[13])

Non-Pipeline Mode
X/Y Register to Data (T)
X/Y Register to Parity (TP)
X/Y Register to FLAG[0..12]
X/Y Register to INT (FLAG[13])

OPp +
OPp +
OPp +
OPp +

OP +
OP +
OP +
OP +

i o

. Y

rod
prod
frod
irod

rod
prod
frod
irod

ns
ns
ns
ns

ns
ns
ns
ns

37




BIPOLAR INTEGRATED 4?E D WA 1451454 0000L?0 - WM BIT

SN S
N
Bipolar
Eﬂl II Integrated T-49-12-05
Technology, Inc.

Registered Output (OFT = 0)

XY, 1 )E Valid In j(
Ys tth '
CLK NS

: Tow X
— tprod

TP Parity >
— 1

INT Interrupt )

FLAGS : Flags X

Flowthrough Output (OFT = 1)

A
CLK { N\ /
T Tout X

*= tprpd

TP Parity »
*= tipd '

INT Interrupt X
<— tirpd

FLAGS . Flags X

Figure 4 — Timing Diagrams: Pipelined Operation (PLFT =0)
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Register to Register (OFT = 0)

XY1 )E Valid In j(
' trs — Pt

ctk '\ A N

P

INT Interrupt

AN

FLAGS

Register to Flowthrough (OFT

XY 1 Valid }

CLK

T Out

T Parity

INT Interrupt

trd

XN R oK)

FLAGS Flags

Figure 5 — Timing Diagrams: Non-Pipelined Operation (PLFT = 1)

39




BIPOLAR INTEGRATED 4?E D EE 145145y 0000L?2 T M BIT

Y
I J
Bipolar
lI Integrated T-49-12-05
Technology, inc.

A B CDETFGHUJIKLMNPRTUVWX
1 we |76 | T3] 1o | x2 | xs | x8 | x12| x15 | x19 | x23 | x27 | x31 | xa5 | x30 | X43 | xa6 | x47 | xa8 | 1
2 | ne ]| vs| 12 |scx| xa | x6 | xo | x13] x18 | x20 | x24 | x28 | x32 | x36 | x40 | x44 | x40 | x50 | x51 | 2
3| ve| vo|ve] v x| xe|x7|xr0fx14]x17|x21]|xe5]|xe0 | xa3 | xa7 | xa1|x45|x52]xs3|x54} 3
4 | m0]| T | M2 |vee] x1 | TPo | vee | x11 {vec] x18 | x2z | x26 | x30 | x34 | x38 | xa2 | xss | xs6 | x57 | x58 | 4
5 | T13| T14 | 115 | vee | vee | vee| vee | vec | vee | vee | vee | vec| vee | vec | vee | xse | xeo | xe1 | xe2 | xe3 | 5
6 | 16 | 117 | 118 fvee]| vee | vee | vee | vee | vee | vee | vec | vee | vec| vee | vee | vec | xpo | xp1 | xp2 | xP3 | 6
7 | 119 | 120 | 121 { veo| vee | vee vee | vee | xpa | xps | xps | xP7| 7
8 | 122 | 123 | TP1 | vEE | vEE SDIN |swooe] OFT [PLFT| 8
9 | T24 | 125 726 | vee | vee vee freser| MELI DIV | 9
10| 127 | 128 | TP2 | VEE | VCC g Mz | My L MX110
11 | 129 | T30 | TP3 | vec | veE 7 e | |u]|1
12| 131 | 132 | Ta3 | vee vee Bleflnfo|12
13| 734 | T35 | TP4 | vEE | VEE B e | S 1TH8 13
14 | 136 | T37 | Tas |zEN'| VEE FLAGIFLAGIFLAGIFLAG) 14
15| 739 | 740 | ve5 | veo | ok L ol el Bl BT
16 | 741 | Ta2 | Tee | 1O, | vEE FLAGIFLAGIFLAGIFLAG] 16
17 | 143 | Ta4 | T45 | vec | VEE FLAGIFLAGIFLAGIFLAG) 49
18 | 746 | 147 | TP7 | veC | VEE. FLAGI Y| Yol e [ 18
19 | 148 | T4 | 150 | vEE | VEE o |7seL|aen|g B 0| 19
20 | 751 | 52 | Tsa | veE [ vee | vee | vee | vee | vee | vee | vee [ vec | vee [ vee vec [ vee | A oL sBT ol set el sirol 20
21| 754 | 785 | 156 | 757 | vee | vee | vee | vee | vee | vee fvee | vee | vee [vee | vee [ B ST | ST | ARE L & | 21
22| 158 | 159 | Te0 | Yo | v13 | v17 | v21 | v25 | 20 | vaa | vaz | va1 | vas | vas | vs3 | vs7 EAJ X fver | vre | 22
23| 161 ] ve2 | Te3 | Y8 | v12 | vi6 | y20 | v24 | v28 | va2 | vas | vao | vas | vas | vs2 | vse | veo [ ves | vra | Y3 | 23
24| vi | va|vs| vz |vii|vis]|vio|vas]|ver| vat|vas|vao|vas|var| vs1|vss|vso|vr2|vri|vro|24
25| vo|v2 | ve | ve |v10|via| via]|v22 | v26| v30 | vaa | vas | vaz | vas | vs50 | vs4 | v5e | ve1 | ve2 | vea | 25

A B CDEVFGHJ KULMNZPRTUUVWX

Figure 6 — B2130 Pin Out
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A BCDETFGHUJIKLMNPRTUVWX
1 |ne|7e|va] 1o xe | xs] xa [xi2]xss]xeoxes | xer | xor | xas [ xoo | xea | xae | xa7 | xas 1
2 |ne |17 | 15| T2 {sax| X3 | x6 | xo | x13 | x16 | x20 | x24 | x28 | x32 | x36 | x40 | X44 | x40 | x50 | x51| 2
3 Te|To|Te| Tt | x| xe|x7 |x10]x14]|x17 | x21 | x25 | x20 | X33 | xa7 | xa1 | xa5 | xs2 | xs3 | x54 | 3
4 | mo| i1 |12 |vec| x1 | Tro|vee| x11 |vec| x18 | x22 | x26 | x30 | x34 | x38 | x42 | xs5 | xs6 | x57 | xs6 | 4
5 | 113 114 | 115 | vec | vee | vee | vee | vee | vee [ vee [ vee | vee | vee | vee | vee | xse | xeo | xe1 | xe2 | xea | &
6 | T | 117 | T18 | vec| vee | vee | vec | vee | vee | vec | vee | vee | vee | vee | vee fvec | xpo | xp1 | xp2 | xP3 | 6
7 | 9| 120 | 721 { vee | vee | vee vee|vee| xpa | xps | xpe | xp7| 7
8 | 22 | Te3 | TP1 | vee | vee | vee vee | vee | spin Jswooe| oFT |PLFT] 8
9 | 124 125} 126 | VCC . veE [reser) MFLI OV |
10| 727 | 128 | TP2 | vEE MMz | My | MX g
11 | 720 { T30 | TP3 | vee v lw|is|u |1
12 731 | 132 | 133 | vee Ble|n|w |12
13| 134 | 135 | TPa | vCC Be| e | SBIFLAGI 43
14 | 136 | 137 | 138 {2ZEN i e FL:GWF‘-.}G 14
15 | T30 | 140 | TP5 [ vec e | ae | BN | Ex- | 15
16 | 41 | Ta2 | TPe | 1O, FLAGIFLAG|FLAGIFLAG| 16
17 | 143 | T44 | 145 | vee FLAG|FLAGIFLAGIFLAG| 47
18 | T46 | T47 | TP7 jVCC P2 |stLo] sels[seto] 18
19 | 148 | 140 | 150 | veE str|TsELAEN| £ o1 19
20| 751 | Ts2 | Ts3 j voe | vee | vee | VEE fvec | vec | vee | vee | vee | vee [vee |vee | vee g4 T AY LAY | AX |20
21| 7s4 [ 185 | 186 | T57 | voc| voc | vee | vee | vee | vee | veo | vee | vee fvee [ vee [ 1 GET | GAT [ ARL | AL | 21
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Figure 7 — B3130/ B4130 Pin Out
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Figure 8 — Package Dimensions with Flat Round Heatsink
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Figure 9 — Package Dimensions with PinFin Heatsink
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