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Description

The L64133 is a high-speed processor which
contains a full 32-bit floating-point multiplier
and a full 32-bit floating-point ALU on a single
chip. This three-bus device has a clean archi-
tecture with no internal pipelines. It is ideally
suited for high-speed graphics and digital sig-
nal processing applications.

The L64133 supports the ANSI/IEEE Standard
P754-1985 (commonly called |IEEE) format. The
device has been implemented in a 0.7-micron
HCMOS process for high-speed with low pow-
er dissipation, and is packaged in an industry
standard 144-pin ceramic pin grid array.

164133 Chip

Features

Provides separate 32-bit floating-point multi-
plier and floating-point ALU on a single chip
Fully supports all boundary conditions of the
IEEE format except operations with denormal-
ized numbers, which are treated as zero
Three-bus architecture for high throughput

Separate register enable signals
Fast cycle times
Commercial Military
50 ns 60 ns
60 ns 80 ns
80 ns 100 ns

No internal pipelines for high throughput with
low latency

Architecture optimized for sum of products
and product of sums calculations

©1988, 1989, 1990 LS| Logic Corporation. All rights reserved.

i

All input registers can be selected as edge-
triggered flip-flops or level-triggered latches
All output registers can be selected as edge-
triggered flip-flops or transparent buffers
Single master clock

Four separate input registers

Provides conversion from integer to floating-
point and from floating-point to integer for-
mats

Performs (2 minus X) for Newton-Raphson
division

Special graphics operation such as Min and
Max

Full serial scan test mode for all input and out-
put registers eases board and system level
testing
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Architecture The L64133 has two separate processing sec- pletely transparent buffers. These register
tions-the Floating-Point Multiplier (FMPY), modes are controlled by FTO.
and the Floating-Point ALU (FALU). Each of
these sections has separate instruction inputs The L64133 is designed so that either proces-
and can operate fully independently of each sor can be fed data from any input data bus.
other. Neither the FMPY nor the FALU are This flexibility and the lack of internal pipe-
internally pipelined, thus providing high lines is the key to fast solutions to complicat-
throughput with low latency. ed problems such as multiplication of complex
numbers or matrices.
The device contains a total of six data regis-
ters {four input and two output). There are The output of the chip is controlled by ZSEL.
also two instruction registers, and two status This selects the results residing in either the
registers (one of each for the FMPY and M and SM or A and SA registers. Both the Z
FALU). Input data and instruction registers can data output and ST status output are 3-stated.
operate as either edge-triggered master-slave
flip-flops, or as level-triggered latches. These The L64133 supports IEEE single precision for-
register modes are controlled by FTI. Qutput mat. IEEE denormalized numbers are treated
data and status registers can operate as as zero.
either edge-triggered flip-flops, or as com-
164133 Test Mode MSB__LSB
Scan Path Diagram x310 P ] 8 |
(TEST = HIGH) X Inputs
[ a ]
Y Inputs
M Regs
| LSB
»[ sA | [ A }——=17 ARegs
20
Note: In each register the path is from MSB to LSB.
164133 Operations NOP No Operation MIN  Comparison yields Minimum
Supported MUL  Floating-Point Multiplication MAX Comparison yields Maximum
PASS Pass input data 12F  Integer to Floating-Point format
NRS (2 - X) for Newton-Raphson division conversion
ADD Floating-Point Addition F21 Floating-Point to Integer format
NEG Negation conversion

SUB  Floating-Point Subtraction
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Pin Listing and X0:31 register is transparent. Previous data is held in
Description X operand input bus. the register when an input enable is HIGH.

Y0:31
Y operand input bus.

20:31
Z result 3-state output bus.

CLK

Clock input. Operates the registers as edge-
triggered flip-flops when FT| and/or FTO are
HIGH.

FTI

Flowthrough control for all input registers.
When FT}is HIGH all input registers (P, Q, B, C
IM and IA) act as edge-triggered flip-flops
under control of the CLK and the input register
enables. Data is loaded into the registers at
the rising edge of CLK when the enable for a
given register is LOW.

When FTl is LOW, all input registers act as lev-
el-triggered latches under control of the indi-
vidual active-LOW input enables for each reg-
ister. When an enable is LOW, the latches
become transparent and data flows through.
When an enable is HIGH, the register is not
transparent and previous data is held.

FTO

Flowthrough control for all output registers.
When FTO is HIGH, all output registers (M, A,
SM and SA) act as edge-triggered flip-flops
under control of the CLK, ENM (for M and SM
registers) and ENA (for A and SA registers).
Data is loaded into the registers at the rising
edge of CLK when the enable for a given reg-
ister is LOW.

When FTO is LOW, all output registers (M, SM,
A, and SA} become completely transparent.
They act as simple buffers regardless of ENM
and ENA.

ENP, ENQ, ENB, ENC, ENIM, ENIA

Input Register Enables (for the P, Q, B, C, IM
and IA registers). When FT| is HIGH (registers
act as edge-triggered flip-flops) and an input
enable is LOW, data will be clocked into the
register at the rising edge CLK. When an input
enable is HIGH, the new data input is disabled
and previous data is maintained in the register.

When FTi is LOW {registers act as level-trig-
gered latches) and an input enable is LOW, the

ENM, ENA

Output Register Enables for the M and SM, A
and SA registers. When FT0 is HIGH (registers
act as edge-triggered flip-flops} and ENM or
ENA is LOW, data and status bits will be
clocked into the data and status registers at
the rising edge of CLK. When ENM or ENA is
HIGH, the new data input is disabled and pre-
vious data is maintained in the data and status
registers.

When FTO0 is LOW, all output registers (M, SM,
A, and SA) become competely transparent.

They act as simple buffers regardless of ENM

and ENA.

ST0:5

Multiplexed status port for the FMPY and
FALU. When ZSEL is LOW, status information
contained in the SM register is available at the
ST output. When ZSEL is HIGH, status informa-
tion contained in the SA register is available at
the ST output. The status bits ST0:5 are for
zero (ZER), not-a-number (NaN), inexact (INE),
underflow (UNF), overflow (OVF), and invalid
{INV) from STO to STS, respectively.

IM0:5

Bidirectional Instruction input for the FMPY.
The instruction stored in the IM register can
be read out of IMO:5 by holding OEIM LOW (for
context switching). Source for the FMPY S bus
is indicated by IM0:1. Source for the R bus is
indicated by IM2:3 and the FMPY operation
mode is indicated by IM4:5.

1A0:6

Bidirectional Instruction input for the FALU.
The instruction stored in the_IA register can be
read out of |A0:6 by holding OEIA LOW (for
context switching). Source for the FALU V bus
is indicated by IAQ. Source for the U bus is
indicated by IA1. FALU operation mode is indi-
cated by IA2:6 with IA6 indicating an absolute
value operation.

RNDO:1

RNDO and RND1 inputs are applied to an RND
register which sets the rounding mode for the
device. This register is permanently enabled.
See section on Rounding Mode Select for def-
inition of rounding modes.
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Pin Listing and OEIM output while the status information contained
Description Bidirectional output control for the M port. in SM is placed at the ST output. If ZSEL is
{Continued) When OEIM is HIGH, input data at the IM port HIGH, data in register A is placed at the Z out-
is available to the IM register. When OEIM is put bus while status in SA is made available at
LOW, contents of the IM register are available the ST output.
at the IM port. R
- OEZ
OEIA Active-LOW 3-state control for the Z output.
Bidirectional output control for the |A port. -
When OEIA is HIGH, input data at the |A port OEST
is available to the IA port is available to the |1A Active-LOW 3-state control for the ST output.
register. When OEIA is LOW, contents of the
|A registers are available at the |A port. TEST
When TEST is HIGH, all input and output data
ZSEL reqisters are placed into a single long serial
Output Register Select. If ZSEL is LOW, the scan chain. This mode is useful for board and
data contained in register M is placed at the Z system level testing.
Input Register Operation —
(P,Q,B,C,IM,IA) N Rng? ster
FTI Enable CLK Input Register Mode
0 0 X Latch transparent,
data feeds through Level-Triggered
0 1 X Latch retains {Latch)
previous state
1 0 T New data loaded
into register
1 0 0,1 Register retains Edge-Triggered
previous state {Flip-Flop)
1 1 X Register retains
previous state
Output Register Operation Suwt
(M, SM, A, SA) Register
FT0 Enable CLK Output Register Mode
0 X X Data feeds through Transparent
Data Buffer
1 0 T New data loaded
into register
1 0 0,1 Register retains Edge-Triggered
previous state {Flip-Flop)
1 1 X Register retains
previous state

18
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Multiplier Instructions
(IM)

The IMO:5 input is divided into three separate
instruction fields, Source R, Source S and
operation. Each of these fields is two bits in
length.

Source: The FMPY can receive input data from
any of the four input registers as well as the
M-register (FMPY result) or A-register {FALU
result). The P-register, B-register and M-regis-
ter can be placed onto the R-bus. The Q-regis-
ter, C-register and A-register can be placed
onto the S-bus.

Operation: The FMPY performs one arithmetic
operation (to multiply R x S). Also included is
the ability to pass R, pass S and a NOP
instruction.

When FTO is HIGH and the FMPY operation is
a NOP, the M and SM registers will retain pre-
vious data regardless of ENM.

The IM register is read-writable. That is, the
instruction stored in the IM register can be
read out of the IM port by holding the OEIM
input LOW. This is useful during context
switching and other operations.

The PASS operation in the FMPY is completely
transparent, ie input exceptions will not be
flagged.

Muitiplier Instruction
Format

OP Code Source R Source S l
M s |« [ 3] 2] v TJTo]
Op Code
M5 ™4 Operation
] 1] NOP No Operation
0 1 MUL Muttiply Rx S
1 0 PASS (R) Pass R
1 1 PASS (S) Pass S
Source R
1M3 | IM2 Source R
0 0 P-Register
0 1 B-Register
1 X M-Register
Source $
1M1 { IMO Source S
0 0 Q-Register
0 1 C-Register
1 X A-Register
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ALU Instructions (1A)

The 7-bit 1A0:6 FALU instruction input is divid-
ed into three fields. Source U (IA1), Source V
{IA0) and Op Code (IA2:6).

Source: The FALU can receive input data from
the B or C-registers as well as the M-register
(FMPY result) or A-register (FALU resuit). The
B and M-registers can be placed onto the U-
bus while the C and A-registers can be placed
onto the V-bus.

Operation: The FALU provides 16 basic opera-
tions including addition, subtraction, negation,
pass, min, max, conversion to and from inte-
ger and 2 - X {for Newton-Raphson division)
as well as signed or absolute value. A single
instruction bit (|A6} controls the absolute val-
ue operation.

When FTO is HIGH and the FALU operationis a
NGP, the A and SA registers will retain previ-
ous data regardless of ENA.

The |A register is read-writable. That is, the
instruction stored in the |A register can be
read out of the |A port by holding the OEIA
input LOW. This is useful during context
switching and other operations.

For the PASS and NEG operations in the FALU,
the input is examined as an ordinary floating-

point number. Therefore input exceptions will

be flagged and denormalized numbers will be

flushed to zero.

ALU Instruction
Format

0P Code
Abs. SourceSource
Value u v
mw [e s JaJal2T1]0o]

Normal Operation (IA6 = 0) Op Codes

Absolute Value Operation (IA = 1) Op Codes

1A6 1A5 1A4 1A3 1A2 Operation 1A6 | IA5 | IA4 | JA3 | 1A2 Operation
0 0 0 0 0 NOP 1 0 0 0 0 NOP
0 0 0 0 1 NRS(U) 1 0 0 0 1 | NRS(U) |
0 0 0 1 0 NRS(V) 1 0 0 1 0 | NRS{V) |
0 0 0 1 1 ADD 1 0 0 1 1 {ADD |
0 0 1 0 0 PASS(U) 1 0 1 0 0 | PASS(U) |
0 0 1 0 1 NEG{U) 1 0 1 0 1 { NEG(U) |
0 0 1 1 0 PASS(V) 1 0 1 1 0 | PASS(V) 1
0 0 1 1 1 NEG{V) | 0 1 1 1 | NEG(V) !
0 1 0 0 0 SUB(U - V) 1 1 0 0 0 1SUB(U-V) |
0 1 0 0 1 SUB(V-U) 1 1 0 0 1 I SUB(V - U} |
0 1 0 1 0 MIN(U,V} 1 1 0 1 0 IMIN(UW) I
0 1 0 1 1 MAX{U,V} 1 1 0 1 1 | MAX{U.V) |
0 1 1 0 0 12F(U) 1 1 1 0 0 | 12F(U) |
0 1 1 0 1 12F(V) 1 1 1 0 1 112F(V) |
0 1 1 1 0 F21{U) 1 1 1 1 0 |[Reserved Operation
0 1 1 1 1 F21(V} 1 1 1 1 1 [Reserved Operation

Source U

1A1 Source U
0 B-Register
1 M-Register

Source V

1A0 Source V
0 C-Register
1 A-Register

20
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IEEE Single Precision
Floating-Point Format

31 30 29 28 27 2 25 24 23 2221 20 19 18 17 16 15 14 1312 11 1098 76 543 21 0

LS l Exponent |

Fraction ]

Features

Bit <31> is the sign bit

Bits <30:23> are an excess 127 (biased) binary
exponent

Bits <22:0> are a normalized 24-bit fraction
with the redundant most significant integer bit
(1.0...) not represented (hidden bit)

A zero value is indicated by a zero fraction
with zero exponent. The zero value can be
positive or negative

s Infinity is indicated by a zero fraction with a

one's filled exponent (255,). Can be positive
or negative

A reserved operand known as not-a-number
(NaN) is represented by one's filled exponent
{255¢p) and a non-zero fraction. The two types
of NaNs called signaling NaN and quiet NaN
are discussed below

Not-a-Number

A signaling NaN (sNaN) is indicated by a frac-
tion with a t in the MSB and X everywhere
else. Signaling NaNs are generally useful for
indicating uninitialized variables, or for imple-
menting user-designed extensions to the oper-
ations provided. A signaling NaN is never pro-
duced as the final result of an operation.

A quiet NaN (gNaN) is indicated by a fraction
with a 0 in the MSB and at least one 1 else-
where in the fraction. Quiet NaNs are generat-
ed for invalid operations. When they appear
as an input operand, they are generally
passed through (without setting the INV flag).
Thus, quiet NaNs are useful as flags or to pass
a ‘marker” through a series of operations.

IEEE Format
Boundries and
Special Cases(?

Fracti Exp Exp Hidden
Operand Sign | Exponent | (f22...f0) Bias Bit Magnitude
Normalized
Numbers: 20127 (1 f)
I NORM.MAX || x 254 1.1 +127 1.0 2121(2-2-83)
| NORM.MIN| X 1 000...00 +127 1.0 218
Denormalized2)
Numbers: x 0 Non-Zero +126 0 271%8(0.1)
| DNRM.MAX |  x 0 m..1n +126 0 2:126(1-2-3)
IDNRM.MIN || x 0 000...01 +126 0 2:1%6(2-3)
Special:
Zero X 0 0 _ 0 +0
Signaling NaN} x 255 1xX,..XX _ _ _
Quiet NaN X 255 Oxx..xx{3) _ - _
Infinity X 255 000...00 - _ +oo
Notes:

1. Exponent, Exponent Bias and Magnitude values all represented in base 10 (d

2. The L64133 treats denormalized numbers as zero.

1) format, x indi adon't care.

3. Atleast one of the 22 LSBs of a gqNaN must be a 1 (see Not-a-Number above).

IEEE Numerical
Representations

Denormalized numbers are represented by a

IEEE convention is as follows:

zero exponent and a non-zero fraction. These s = sign bit
numbers are treated as zero by the L64133. e = exponent
f = fraction

s [] f Value Equation Value

x 0 0 (-1)s%(0) +0,-0

X 0 #0 Denormalized number

X 0<e<255 X (-1)sw{28-127)a{1.£) Normalized number

x 255 0 {-1)sw(oo) o0, - 00

X 255 20 NaN (Not-a-Number)}
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Integer Data Type
Longword (32-Bits)

3

[ S l Two's Complement Integer

Features

Two's complement format

Bit < 31 > is the sign bit

Order from least to most significant is from bit
< 0> through bit < 30 >

Rounding Mode Select RND1 RNDO Mode
[\ 0 Round to nearest {unbiased}
0 1 Round toward - o
1 0 Round toward + =
1 1 Round toward zero
Rounding There are four rounding modes supported by L64133 Multiplier and ALU Internal
the L64133 controlied by RNDO:1. These are: Architecture
round to nearest, round toward + oo, round
toward - o and round toward zero. In the case Exception
where the infinitely precise result is exactly Detect [ 2";::: Denorms
halfway between two representable values, l
round to nearest mode will round to the value
whose LSB is 0 (unbiased round). Operation le— Performs Operatio
Stage
l <— Infinately Precise Result
Rounding
l <— Rounding Result
Status Flag Generation
Format Adjust
!
Status Flags Final Result
Status (ST) Output The status (STO:5) output displays the status
Low | ove | uwe | we ] wow | zen | of the FMPY (contained in register SM) when
ST5  ST4 sT3 sT2 ST sT0 ZSEL is LOW or of the FALU (contained in reg-
ister SA) when ZSEL is HIGH.
FALU Operations There are three status flags for FALU opera- Ordinarily, the output result, Z, is (+0,0) for
(10.0) £+ (20.0) tions of {{10.0) + (+0.0)}, that should be noted. these operations. However for {(+0.0) + (0.0)}
In all rounding modes, the ST.0 (ZER) flag is 0, when the rounding mode is +oo, the result will
the ST.2 (INE) flag is 1, and the ST.3 (UNF) flag be + NORM.MIN (the minimum normalized
is 1 for these particular operations. number). For {{-0.0} + (-0.0)} and {(-0.0) - (+0.0)}
when the rounding mode is -, the result will
be -NORM.MiIN.
FMU Underflow When the infinitely precise result of a multiply infinitely precise result is in the range
Operations operation falls within the range H1.0 x 2-127, +0.0,1.0 x 2127} and the rounding mode is

1.0 x 2-126) and the rounding mode is nearest,
the L64133 returns INORM.MIN and clears the
UNF and ZER flags. However, when the

22
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nearest, the L64133 returns 10.0 and sets the
UNF and ZER flags. In both cases the INE fiag
will be set.
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Definition of Status
Flags

Invalid (INV)

If an Invalid operation is performed, the INV
flag will be set HIGH. These operations are
listed in the Invalid Operations table.

Overflow (OVF)

If an operation performed on finite operands
produces a rounded result which is too large
to fit in the destination format, an overflow is
said to have occurred. The result will be indi-
cated as * o or +{ NORM.MAX | (depending
on sign and rounding mode), and both the OVF
and INE flags will be set HIGH.

An overflow may also occur when an integer
conversion is attempted on a number larger
than 231 -1 or smaller thean -231. The INV flag
will be HIGH while the OVF and INE flags will
be LOW.

Underflow (UNF)

If an operation produces a result which is too
small to be expressed as a normalized float-
ing-point number but larger than zero, an
underflow is said to have occurred. The result
will be indicated as zero (+0) or | NORM.MIN |

{(depending on sign and rounding mode), and
the UNF and INE flags will be set HIGH.

Inexact (INE)

If an operation produces a result which, after
rounding, is not equal to the "infinitely precise
result” an inexact operation is said to have
occurred and the INE flag is set HIGH. The INE
flag will also be set HIGH on an underfiow or
overflow.

Not-a-Number (NaN)

A NaN is defined as either a quiet NaN (qNaN)
or a signaling NaN (sNaN). When an operation
is performed where a NaN is used as an input
or appears as an output, the NaN flag will be
set HIGH.

Zero (ZER)

if an operation is perform, which produces a
rounded result of zero (+0), the ZER flag will
usually be set HIGH. For SUB operations
where U,V have the same valve, the ZER flag
will not be set.

Invalid Operations Single or
FMPY or Dual Input
FALU Op Operands Result
FMPY MUL sNaN qNaN
MUL Denorm, gNaN
MUL 0, o0 qNaN
FALU NRS, ADD, SUB sNaN gNaN
ADD 400, - 00 qNaN
sus + 00, + 00 gNaN
SUB - 00, - 00 qNaN
FALU F21 >89 TFFFFFFFg
F21 <-23 80000000,
Flag Summary Operation Condition(s) INV | OVF | UNF | INE | NaN | ZER
Any operation 1 0 0 0 1 0
listed in Invalid
Operations table, that
produces a NaN
Any operation One or both operand/s is gNaN 0 ] 0 0 1 0
ADD, SUB, NRS, MUL Input operands are finite and 0 1 0 1 0 0
| rounded result | > 2128
ADD, SUB, NRS, MUL 0 < | rounded result | >2-126 0 0 1 1 0 X
ADD, SUB, NRS, F21, MUL Input operands are normal and 0 X 1 0 X
finat result does not equal
infinitely precise result
ADD, SUB, MUL Final result is zero 0 0 X X 0 1

Note: "X" indicates that the status flag is determined by the definitions given in the text.

23
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L64133 AC Switching Characteristics - Commercial Conditions: TA = 0°C to 70°C, VDD =475V t0 525 V

L64133-50 L64133-60 164133-80 Raf
Symbol Description Min Max Min Max Min Max  |Timing Diagram

tFLOP Floating-point operation time 50 60 80 4,5
tSD Input data setup time 6 8 10 2,4
tHD Input data hold time 3 3 4 2,4
tSDL Input data setup time relative to latch 10 12 14 1,3
tHDL Input data hold time relative to latch 5 6 7 1,3
S| Input register enable setup time 6 8 10 2,4
tHI Input register enable hold time 3 3 4 2,4
tS0 Output register enable setup time 6 7 9 3,4
tHO Qutput register enable hold time 1 1 1 3,4
tSEL Setup time input register enable LOW 58 70 95 3
tHEH Hold time input register enable HIGH 0 0 0 3
tDELAY Output delay time from input register 75 20 80 20 105 1,2
t0D Output delay time from clock 9 21 9 25 9 33 3,4,5
tZSEL Output delay time from ZSEL 7 17 7 20 7 25 5
tPWLE Min pulse width LOW, input reg enable 13 15 20 1.3
tPWH Min pulse width HIGH, clock 9 10 14 5
tPWL Min pulse width LOW, clock 9 10 14 5
102 Output disabl 13 15 20 5
tOE Output enable time 13 15 20 5
tBI Bidirect input mode enable time 13 15 20 5
tBO Bidirect output mode enable time 13 15 20 5

All units are in ns, output loading = 50 pF

164133 AC Switching Characteristics - Military Conditions: TA = -55°C to 125°C, VDD =45V to 55V

L64133-60 L64133-80 164133-10 Dt
Symbol Description Min Max Min Max Min Max Timing Diagram
tFLOP Floating-point operation time 60 80 100 4,5
tSD Input data setup time 8 10 12 2,4
tHD input data hold time 3 4 5 2,4
tSDL Input data setup time relative to latch 12 14 16 1,3
tHDL Input data hold time relative to latch 6 7 8 1,3
S| Input register enable setup time 8 10 12 2,4
tHI Input register enable hold time 3 4 5 2,4
tS0 Output register enable setup time 7 9 12 3,4
tHO Output register enable hold time 1 1 1 3,4
tSEL Setup time input register enable LOW 70 95 115 3
tHEH Hold time input register enable HIGH 0 0 0 3
tDELAY Output delay time from input register 20 80 20 90 20 105 1,2
t0D Output delay time from clock 7 25 7 33 7 42 3,4,5
tZSEL Output delay time from ZSEL 4 20 4 25 4 30 5
tPWLE Min pulse width LOW, input reg enable 15 20 25 1,3
tPWH Min pulse width HIGH, clock 10 14 17 5
tPWL Min pulse width LOW, clock 10 14 17 5
t0Z Cutput disable 15 20 25 5
tOE Output enable time 15 20 25 5
tB! Bidirect input mode enable time 15 20 25 5
tBO Bidirect output mode enable time 15 20 25 5

Alt units are in ns, output loading = 50 pF
24
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L64133 Timing Diagram #1
(FTI = FTO = 0) Input registers are level-triggered (latches), output registers are transparent buffers

| tSDL: j tHOL—
LA LSAISEA AL AT T
ovmin TN R

+—— tPWLE —

Input Register Enables XQ 4
tDELAY {
L64133 Timing Diagram #2

(FTI =1, FTO = 0) Input registers are edge-triggered (flip-flops), output registers are transparent buffers

Clock 7Z /

[+—1tSD—>|«——tHD—
+— tS| —>+— tHI ——>I1
Input Register Enables 7‘(

tDELAY !
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164133 Timing Diagram #3
(FTI =0, FTO = 1) Input registers are level-triggered (latches), output registers are edge-triggered (flip-flops)

<+—tHEH tSEL

- s N I
KL

|
e—— tPWLE——
Input Register Enables X( 7“
1SDL- ! tHDL—
[130*4—&10——
Output Register Enables 7(
«—— t0D
Output Data m
L64133 Timing Diagram #4

(FTI = FTO = 1) Both input and output registers are edge-triggered (flip-flops)

Ciock 7[ \ A[_

1SD——>|«—— tHD—

cvmin TN RTTTTTRL)
[¢— tS| —te— tHi —|
Input Register Enables Y 71[

LRLALLRLLALLRER
[e— tSQ0——>{e—— tH0 —|
Output Register Enables 3

Output Data
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L64133 Timing Diagram #5
General timing for all I/0 modes (Clock applies when appropriate)

tFLOP |
Clock 7Z *; +
tPWL: —>

tPWH }

OEZ,0EST % ST&
«—t0D— l—t0z—| — tOE —] l— tZEL
- -
257 5 VOH-05V V.
‘ VOL+05V =

OEiM,DEIA 1\‘ jiL
<— {BI <+—1tB0
IM,IA Output Input ﬂ{ Output
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Operating Absolute Maximum Ratings (Referenced to GND) Recommended Operating Conditions
Characteristics
Parameter Symbot Limits Unit Parameter Symbol Limits Unit
DC supply voltage VDD -03to+7 \ DC supply voltage vDD +3t0+6 \
Input voltage VIN {-03toVDD+03]| V Operating ambient
DC input current 1IN 10 mA Temperature range
Storage temperature | TSTG -65to + 150 °C Military - TA 5510 +125 °C
range Commercial range | TA Oto +70 °C
DC Characteristics: Specified at VDD =5 V over the specified temperature and voltage ranges m
Symbol P Condition Min Typ Max Units
VIL LOW level input voltage 0.8 v
VIH HIGH level input voltage
Commercial temperature range 20 v
Military temperature range 2.25 v
IIN Input current VIN =VDD -100 -30 -8 pA
VOH HIGH level output voltage Comm Mil
10H = -4 mA -3.2mA 24 45 \
VoL LOW level output voitage Comm Mil
10L= 4 mA 32mA 0.2 04 \
10Z 3-State output leakage current VOH = VSS or VOD -10 +1 10 pA
108 Output short circuit current?! VDD = Max, VO = VDD 15 130 mA
VDD = Max, V0 = OV -5 -100 mA
DDA Quiescent supply current VIN = VDD or VSS 1 mA
IDD Operating supply current tCYCLE =80 ns 200 mA
CIN Input cap Any input 5 pF
couTt Qutput capacitance Any output 10 pF
Notes:

1. Military temperature range is -55°C to + 125°C, +10% power supply; commercial temperature range is 0°C to 70°C, 5% power supply.
2. Not more than one output should be shorted at a time. Curation of short circuit test must not exceed one second.
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Applications Examples

Multiply-Accumulate (a x b) + (c x d) + (e x f)
Fully Clocked Operation FT1 = FTO = 1

Clock Instruction inputs Data Inputs Register Contents Outputs
Cycle 1M 1A X Y IM 1A P|Q 8 c M A 287

0 MULP,Q a b - - - | - - - -

1 MULP,Q PASS M c d MULP.Q - alb - - -

2 MULP,Q | ADDAM e f MULP.Q | PASSM c|d - - |axb

3 - ADDA M MULP.Q | ADDAM | e | f - - {cxd {axb) {axb)

4 - - ADDAM | - | - - - exf {axb)+{cxd) {axb)+(cxd)

5 _ _ - — - - - {axb)+{cxd)+{exf) [{axb)+lcxd) +(exf)

4 x 4 Transformation

all al2 al3 al4 x| =] x'

a2l a22 a23 a24 y y'

a3l a32 a33 a3 z 7'

a4l ad2 a43 aMq W] w'
Clock instruction Inputs Data Inputs Register C: Outputs
Cycle M 1A X Y M 1A PlG}| B cl ™ A 75T

0 MULB,C al X

1 MULB,Q PASS M at2 Y | MULB,C ) alt | X

2 MULB,C ADDM, A al3 4 MULB,Q | PASSM y | al2 alixX

3 MULB,C| ADDM,A al4 | W | MULB,C | ADDM, A al3 | Z | a12xy all xX

4 MULB,C ADDM, A a2t X MULB,C { ADDM, A ald | W| al3xZ {al1x X} +{a12xY)

5 MULB,Q PASS M a22 MULB,C | ADDM, A a2l | X |ald4xw (a11x X} +(at2x Y} +{a13x 2)

6 MULB,C{ ADDM, A az23 z MULB,Q | PASSM a22 a2t xX | (altxX)+{a12xY) +(a13x2Z) + (aldxW)| X'

7 MULB,C| ADDM,A 324 | W | MULB,C | ADDM, A a23| Z | a22xY a21xX

8 MULB,C ADDM, A a3l X MULB,C | ADDM, A a4 | W| a23xZ (a21 x X) +(a22x Y}

9 MULB,Q PASS M a32 MULB,C | ADDM, A a31| X |a24xW (a21xX) +(a22x Y} + (a23x 2}

10 MULB,C| ADDM, A a33 4 MULB,Q PASS M a32 a31x X | (821 x X} +(a22xY) +(a23x2) +{a28xW){ Y

1 MULB,C| ADDM,A a34 | W | MULB,C } ADDM, A a33| Z | a32xY a3 xX

12 MULB,C ADDM, A adl X MULB,C | ADDM, A a34 | W| a32x2 (a31 x X) + {a32x Y)

13 MULB,Q PASS M a42 MULB,C | ADDM,A adl | X |a384xW {a31 xX) +{a32xY) +{a33x Z)

14 MULB,C ADDM, A a43 4 MULB,Q | PASSM ad2 a41x X | (a31xX)+(a32xY)+(a33x2)+(a34xW)| Z

15 MULB,C| ADDM,A ad3 [ W | MULB,C | ADDM,A ad43 | Z | ad2xY ad1 x X

16 MULB,C | ADDM, A ad4 | W{ ad3x2 {341 x X} + (a42 x Y)

17 MULB,C | ADDM, A asl adax W (a41 x X) + (a42 x Y) + (a43x 2)

18 (ad1 xX) + (a42 x Y) + (a43 x Z} + (ad4 x W)}| W'
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Applications Examples
{Continued)

Complex Muitiply (a + jb) (c + jd)

Clock Instruction Inputs Data Inputs Register Contents Outputs
Cycle M 1A X Y M 1A P Q B C M A 28T
0 MULP.Q a c - - -1 - - - - -
1 MULB,C PASS M b d MULP,Q - a| ¢ - - - -
2 MULP.C | SUBAM MULB,C | PASSM | a | ¢ b d |axc -
3 MULQ,B | PASS,M MULPC | SUBAM]| a | ¢ b d | bxd axc
4 ADDA M MULQ,B | PASSM | - | ¢ b - axd {axc)-(bxd) (axc)-{bxd)
(real part)
5 ADDA M bxc axd
6 - - bxc {axd)+({bxc) faxd)+{bxc)
(imaginary part)
Compiex Multiply-Accumutate
(a +jb) (c +jd) (e + jf) (g + jh) (k + j1) (m + jn)
Clock instruction Inputs Data inputs R Outputs
Cycle M 1A X Y M 1A Pl a B C M A .57
0 MULP.Q a c
1 MULB,C PASS M b d MULP Q al|c
2 MULP,Q | SUBAM e g MULB,C| PASSM | a | ¢ b d |axc
3 MULB,C ADDA M f h MULPC | SUBAM | e g b d bxd axc
4 MULPQ | SUBAM k m | MULB,C | ADDAM | e | g f h |exg {axc)-{bxd)
5 MULB,C | ADDA M 1 n MULPC | SUBAM ]| k | m f h | fxh [{axc)-(bxd)+{exg)
6 MULPQ | SUBAM a d |{ MULB,C | ADDAM| k | m I n |kxm j{axc)-(bxd)+{exg)
-{fxh)
7 MULB,C PASS M b c MULPQ | SUBAM| a | d | n Ixn f[{axc)-{bxd)+{exg)
-{fxh)+{kxm)
8 MULP,Q | ADDA M e h MULB,C | PASSM | a | d b ¢ {axd Jlaxci-(bxdl+{exg)}|taxc)-{bxd)+({exg)
-{fxh)+(kxm)-{xn)j-tfxh)+{kxm)-({Ixn
{real part)
9 MULB,C | ADDA M f g MULP.Q | ADDAM| e | h b c | bxec axd
10 MULPRQ | ADDA M k n MULB,C | ADDAM| e | h f g |exh {axd)+(bxc)
n MULB,C | ADDAM ] m | MULPQ | ADDAM ]| k | n f g | fxg jlaxd)+(bxc)+(exh)
12 ADDAM MULB,C | ADDAM| k| n | m | kxn f[laxd)+{bxc)+{exh)
+{fxg)
13 ADDA,M t m | ixm j(axd)+{bxc)+(exh)
+(fxg)+(kxn)+{txm)
(axd)+(bxc)+(exh)
+{fxgl+(kxn)+
{l x m) (imaginary part)
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164133 Floating-Point Top View
Processor Bonding
Diagram-144-Pin CPGA 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
Alviz fyizva | v8 [ Y6 | v2 | vt |x31| x| x| x5 |x2]x0]|x7]| x5
B Y9 |vie|viz|vie| vz | va | va |x0]|xe | x| xa|xi8]|xie]| xa]xn
clYz|vis|vis|{via|vyn|vs | vo|[vop]xe [x23 ] xie [6ND] 13| x10| x7
D | v | v20 | GND |e—— Orientation Pin X12| x8 | X6
E|vzr | vz ]| v X9 | x5 | x4
F{v3 | vs| Y5 X3 | x2 | xo
G| v3t | v | v29 ENB| x1 | ENP
H | ENC | ENG | CLK TEST| NC | FTi
J | M5 | IM3 [ENIM 1A5 | 1A4 | ENIA
K| ™M | M2 [ 1M 11 | 182 | 146
L | o |DEM| sT5 RND1| OFIA | 1A3
M | ZSEL | OEST| ST2 GND | ENA | 1a0
N{OEZ | STa | ST1 {VvDD | 228 | Z24 | z20 (vDD |{GND [ 211 | 25 | z2 | 21 | F70 {RNDO
P|ST3 |sSTo}z31 |z29 | 226 |23 |z | z17 | 213 | 212 | 20 | z6 | z4 | 20 |EN
Q|GND | 230 | z27 | Z5 ] z2 |19 | z18 | z16 | zi5 | 214 | z0 | 28 | z7 | z3 | vDD
164133 Ordering 164133 G M -XX
Information A .

A

Temperature Range/Flow Option

Package Code

10=100 ns

C = Commercial (0°C to 70°C})

M = Military (-55°C to + 125°C)

Full MIL-STD-883C Level B

G = 144-Pin Ceramic Pin Grid Array

Device Type
32-Bit Fioating-Point Processor
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Packaging

144-Pin Ceramic Pin Grid Array

L4 index
™~ Mark

Square

K
Square

I

~—{l—B

Ty
e1—|

Dimensions Inches

(mm)

A Max 0.115
(2.921)

At Ref 0.080
(2.032)

B Min 0.016
(0.406)

Max 0.020

(0.508)

E Min 1.555
(39.50)

Max 1.595

(40.51)

£t Min 0.095
(2.413)

Max 0.105

(2.667)

L Min 0.170
(4.318)

Max 0.190

(4.826)

Q Ref 0.050
(1.270}

S Ref 0.088
(2.235)

K Ref 0.850
{21.59)
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Note:

PGA pin numbering is with respect to the pins
facing the viewer.
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