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Description

The L64260/61 compute inner products in many dif-
ferent forms. FIR filters to perform decimation,
interpolation, adaptive filtering and 2D filtering can
be implemented. In addition, matrix-matrix and
matrix-vector multiplication can both be per-
formed. Each processor contains four high-speed
MACs each with four data and four coefficient
registers. An on-chip sequencer is used to control
the chip when repetitive operations are per-
formed.

There are two versions of the processor. The
L64260 comes in a 223-pin Ceramic Pin Grid
Array with eight 16-bit data inputs bonded out.

The L64261 comes in a 144-pin Ceramic Pin Grid
Array that does not provide the use of all I/0 pins.
The 064261 has two 16-bit data inputs, three 12-bit
data inputs and three 12-bit data inputs that are
shared with the buses needed to cascade parts.
In applications not requiring both the additional
data input buses and the ability to cascade parts,
the L64261 can be used. The L64260 is useful in
applications in which either very high 1/0 band-
width is required (e.g., general inner products) or
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the extra data precision is needed. The L64261 is
aimed primarily at filtering and matrix muttiplica-
tion applications. Inthese applications, not all of
the data input buses are necessary.

Features = Four 16-bit MACs Variable input and output data rates for deci-
= On-chip control functions reduce system size mation and interpolation
= Multiple chips can be used to increase performance Can perform one-chip 4 x 4 convolution
= Flexible architecture with 16 coefficient and High data rates
data registers Commercial Military
s High I/0 bandwidth for: 40 MHz 30 MHz
Adaptive filtering 30 MHz 25 MHz
Matrix-matrix or matrix-vector Available in 223-pin CPGA (Ceramic Pin Grid
multiplication Array) (L64260) and 144-pin CPGA (Ceramic Pin
General inner products Grid Array) (L64261) packages
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164260 Pin Listing DIo PR

and Description

16-bit TAP 0 data input.

Dn
16-bit TAP 1 data input.

DI2
16-bit TAP 2 data input.

DI3
16-bit TAP 3 data input.

cio

16-bit TAP 0 coefficient/data input. Also used
during processor initialization to load any fixed
coefficients.

ch
16-bit TAP 1 coefficient/data input.

ci2
16-bit TAP 2 coefficient/data input.

C13/cT

16-bit TAP 3 coefficient/data input. Data to be
loaded into the internal control registers is also
placed on the Ci3 bus during initialization. For
systems utilizing all of the eight counter control
bits, the CI3 bus is not used for data or coeffi-
cients but for the two most significant bits of
the count instead.

SRO

16-bit shift register output. Used in multipro-
cessor systems operating on 1 D data to pass
the delayed input data to the next processor in
the system.

22-bit partial resultinput. Used in multipro-
cessor systems to accept the output of another
processor to sum with the output of the current
processor.

DO

22-bit filter data output. The sum of the resuit
from the current processor and the data on the
partial result bus.

CLK

System ciock. Controls the positive edge trig-

gered data latches and pipeline registers. The
filter state registers only latch data when CLK

goes from LOW to HIGH and the internal signal
DVALID is HIGH.

WE

Write enable for internal control and coeffi-
cient latches. When LOW, the data on the

CI3 bus will be latched into the control regis-
ter specified by the address on the REGADR.0—
REGADR.4 pins when REGADR.5 is LOW. If
REGADR.5 is HIGH, the coefficient data on the
Cl0 bus is loaded into the coefficient latch
specified by the REGADR.0— REGADR.4 pins.

REGADR/CT

Register address of internal coefficients and
control signals during processor initialization.
REGADR.5 HIGH indicates that a coefficient on
the Cl0 is to be loaded. When REGADR.5 is
LOW, a control word on the CI3 bus will be
loaded. After initialization this bus is used for
the controller count input.

164260 Pin Description
Summary

Pin No. of Pins 10 Description
D10.0-DI0.15 16 | TAP 0 data input
D11.0-DI1.15 16 | TAP 1 data input
DI2.0-DI2.15 16 i TAP 2 data input
DI13.0-DI3.15 16 1 TAP 3 data input
C10.0-Cl0.15 16 i TAP 0 coefficient input
CI1.0-CI.15 16 { TAP 1 coefficient input
CI2.0-CI2.15 16 | TAP 2 coefficient input
CI3.0-CI3.15 16 i TAP 3 coefficient input shared with data to
l be loaded into configuration registers and
CT6-CT7 | program count input
SR.0-SR0.15 16 0 Shift register output
PR.0-PR.21 22 | Partial resuit input
D0.0-D0.21 22 0 Filter output
CLK 1 | System clock
Clock registers at LOW to HIGH transition
WE 1 | Write enable for internal configuration
registers active LOW
REGADR.0-REGADR.5 6 1 Internal configuration/coefficient register
CT.0-CT5 address program count input

Note: X.0 is always the LSB of bus X
159
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L64261 Pin Listing
Description

DIo
16-bit TAP 0 data input.

DI1/PR

12-bit TAP 1 data input shared with 10 partial
result input pins. For single processor systems
(MP LOW), the partial result inputs are not
used and this bus can be used as an additional
12-bit data bus for TAP 1. in a multiprocessor
system {MP HIGH), this bus is used to accept
the output of another processor in the system
to be summed with the result from the current
processor.

DI2/PR (8), SRO (4)

12-bit TAP 2 data input shared with 4-bits of the
SRO (shift register output) and 8-bits of the PR
bus. For single processor systems (MP LOW),
this bus can be used as an additional 12-bit
data bus for TAP 2. In muitiprocessor systems
{MP HIGH), 8-bits of this bus are used to form
the rest of the 20-bit PR bus and 4-bits of the
SRO bus. The SRO bus is used to pass the
delayed data input to another processor in a
1D processing system.

DI3/SRO (12)

12-bit TAP 3 data input shared with the other
12-bits of the SRO bus. This bus is used as an
additional 12-bit data input bus for TAP 3 when
MP is LOW and as 12-bits of the delayed input
bus when MP is HIGH.

clo

16-bit TAP 0 coefficient/data input. Also used
during initialization to load any fixed coeffi-
cients.

chn
12-bit TAP 1 coefficient/data input.

Ci2
12-bit TAP 2 coefficient/data input.

C13/CT(2)

12-bit TAP 3 coefficient/data input. Data to be
loaded into the internal control registers is also
placed on the CI3 bus during initialization. For
systems utilizing all of the eight counter control
bits, the CI3 bus is not used for data or coeffi-
cients but for the two most significant bits of
the count instead.
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Do

20-bit filter data output. The sum of the result
from the current processor and the data on the
partial result bus.

CLK

System clock. Controls the positive edge trig-

gered data latches and pipeline registers. The
filter state registers only latch data when CLK

goes from LOW to HIGH and the internal signal
DVALID is HIGH.

WE

Write enable for internal control and coeffi-
cient latches. When LOW, the data on the CI3
bus will be latched into the control register
specified by the address on the REGADR.0-
REGADR.4 pins when REGADR.5 is LOW. If
REGADR.S is HIGH, the coefficient data on the
Cl0 bus is loaded into the coefficient latch
specified by the REGADR.0—REGADR.4 pins.

REGADR/CT

Register address of internal coefficients and
control signals for use during processor initial-
ization. REGADR.5 HIGH indicates that a coef-
ficient on the CI0 bus.is to be loaded. When
REGADR.5 is LOW, a control word on the Ci3
bus will be loaded. After initialization this bus
is used for the controller count input.

MP

Multiprocessor maode pin. When HIGH, the
device will operate in the multiprocessor
mode. In this mode, the Di1, D12 and DI3
buses are unavailable. The SRO and PR buses
can be used instead. When MP is LOW, SRO
and PR are unavailable, but D11, DI2 and DI3
are available.
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L64261 Pin Pin No. of Pins /0 Description
gesc"l"w“ DI0.0-DI0.15 16 | TAP 0 data input
ummary DI1.4-DIT.15 12 I TAP 1 data input shared with:
PR.12-PR.21 | 10 partial result bits
Di2.4-DI2.15 12 { TAP 2 data input shared with:
PR.4-PR.11 | 8 bits of partial resuft
SR0.0-SR0.3 0 4 bits of shift register output
DI3.4-DI3.15 12 ] TAP 3 data input shared with:
SR0.4-SR0.15 0 12 bits of shift register output
CI-Cl.15 16 | TAP 0 coefficient input
Ci1.4-Ch.15 12 | TAP 1 coefficient input
Ci2.4-Ci2.15 12 | TAP 2 coefficient input
CI3.4-CI3.15 12 | TAP 3 coefficient input shared with data to
CT6.-CT.7 be loaded into configuration registers and
program count input
D0.0-00.21 20 0 Filter output
CLK 1 | System clock
Clock registers at LOW to HIGH transition
WE 1 [ Write enable for internal configuration
registers active LOW
REGADR.0-REGADR.5 6 I Internat configuration/coefficient register
CT.0-CT5 address program count input
MP 1 | When HIGH sets L64261 in multiprocessor
mode
When LOW sets L64261 in single processor
mode
Note: X.0 is always the LSB of bus X
Architecture There are three basic architectures that the ment, without external data or coefficient stor-

user can choose from. The L64260 has one
configuration, with eight input buses of 16-bits
each and the input and output buses required
for multiprocessor operation. The L64261 can
be electrically reconfigured between a cas-
cadable architecture with only five input buses
(two 16-bits wide, three 12-bits wide) and a
non-cascadable architecture with eight input
buses (two 16-bits wide, six 12-bits wide). The
MSB of all 12-bit buses have the same signifi-
cance as the MSB of 16-bit buses; i.e., the four
LSBs have been replaced by zero. A single pin
{MP) selects the desired architecture.

The only difference between these three archi-
tectures is the availability of 1/0 pins; the core
of the circuit is the same for all three. Each
contains four TAP cells, the adders to sum the
results of the TAPs and a variable delay ele-
ment.

The TAP Cell

To ease the requirements for off chip storage
of coefficients and data values, 16 data regis-
ters and 16 coefficient latches are included on-
chip. There are four of each type of register in
each TAP cell. This makes it possible to imple-

161

age, fixed coefficient filters with up to 16 taps
(with input or output rates of 10 MHz) and a

4 x 4 matrix-vector or matrix-matrix multiplica-
tion in which one of the matrices is fixed.

The inputs to the multipliers can come from
several sources. The X input data is chosen
from the internal state registers, the Cl data
pins or the DI data pins by the DMUX, XMUX
and SMUX multiplexers. The Y input data can
be derived from either the Cl data pins or the
coefficient latches by the CMUX and YMUX
multiplexers. These options make it possible to
perform a wide range of operations with the
same basic hardware and to use the I/0 pins
effectively for each application. Application
examples are given later to illustrate these
points.

The reset signal {RES) for each TAP latches the
last accumulated result in a register and resets
the accumulator to zero. If the enable signal
(EN) in any TAP is brought LOW, the output for
that TAP is forced to zero. These two signals
give the user the flexibility of summing the out-
puts of two or more TAPs or multiplexing the
outputs.
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Architecture The state register shift control (DVALID), RES, the other matrix are fed into the Y inputs. For
(Continued) EN, state register select (SS) and coefficient large inner products, the partial result input is

latch select (CS) signals are generated at the
system clock rate by the sequencer. The RES
and EN signals are unique for each TAP whiie
the DVALID, CS and SS signals are the same
for all four TAPs. The shift value (SHIFT) and
the control signals (DS, XS, YS) for the DMUX,
XMUX and YMUX are controlled statically via
mode latches. DS is unique for each TAP
(DS0.0, DS0.1, control the DMUX for TAP 0, and
so on), but XS, YS and SHIFT are the same for
all four TAPs.

The value of each multiplexer control signal
that is required to select a particular input sig-
nal is shown at that input to the multiplexer in
the TAP Block Diagram. For example, to select
IN2 as the MAC X input, DS is setto 0 and XS is
setto 1 (see TAP Block Diagram).

MAC Flexibility

The data path has been designed to give the
user as much flexibility as possible in using the
processor. Each MAC can compute an inde-
pendent inner product or the MACs can be
used as multipliers with all products being
summed to produce a single inner product.
The outputs of each MAC can be accessed
independently by enabling them one at a time
onto the common output bus. In addition,
results accumulated in different MACs can be
summed together. Each approach has some
advantages and disadvantages. Because
each MAC has a 40-bit accumulator, per-
forming a complete inner product in a single
MAC will result in minimum truncation error.
For fixed coefficient filters, this is a viable
approach. However, if all of the elements of
the two vectors are valid during the same
cycle, it may be preferable to have all of the
MACs computing one part of a single result.
One example of this would be a matrix-matrix
multiplication in which the columns of one

used to sum the outputs from processors com-
puting other parts of the result.

Data Formats

Throughout this data sheet, the highest num-
bered bit of a bus (i.e., BUS.max} has the great-
est significance and the lowest numbered bit
{i.e., BUS.0) has the least significance.

The MACs can operate with any combination
of two’s-complement and unsigned data (X
input) and coefficients (Y input). The internal
control bit TCD sets the MACs to operate on
two's-complement data when HIGH and
unsigned data when LOW. The internal control
bit TCC sets the MACs to operate on two's-
complement coefficients when LOW and
unsigned coefficients when HIGH. The partial
result input (PR) and data output (DO) are
always two's-complement format.

The barrel shifter can be used to scale the
results. The internal control signals
(SHIFT.0-SHIFT.1) set the relative significance
of the multiplier output with respect to the par-
tial result input and the data output. PR.21 and
D0.21 always have the same significance.
However, the relative significance of the MSB
of the 32-bit multiplier product can be adjusted
with respect to the significance of the MSBs of
the PR and DO (see Table 1). Note that the
164260 and L64261 are slightly different in this
respect.

The primary function of the shifter is to prevent
overflow when the sum of a large number of
products is computed while maintaining suffi-
cient precision when few products are
summed. If each MAC is operated as a multi-
plier, then SHIFT.0 and SHIFT.1 can be held
HIGH (L64260). With SHIFT.0 and SHIFT.1 LOW,
the sum of 256 products can be computed

matrix are fed into the X inputs and the rows of without overflow (L64260).
Table 1. Effect of SHIFT Controls
L64260 164261
Position of MSB Max Number Position of MSB Max Number
SHIFT.0 SHIFTA of Multiplier Product of Products of Multiplier Product of Products
0 4 D0.12,PR.12 256 D0.14,PR.14 64
1 [ D0.14,PR.14 64 D0.16,PR.16 16
0 1 D0.16,PR.16 16 DO0.18,PR.18 4
1 1 D0.18,PR.18 4 00.20,00.20 1
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{Continued)

if an integer format (binary point to the right of
the LSB) is used for data and coefficients, then
the binary point of the multiplier is always to
the right of the LSB. However, when working
with fractional formats, the binary point of the
multiplier product is to the left of the MSB for
unsigned data and coefficients, to the right of
the second most significant bit for two's-com-
plement data and coefficients and to the right
of the MSB if one of the inputs is two’s-com-
plement and the other is unsigned.

Table 2. Summary of Multiplier Output
Formats for Fractional Data Inputs

Coefficient Data
Format format

Position of Multiplier
Output Binary Point

unsigned | unsigned left of MSB

signed unsigned right of MSB
unsigned signed right of MSB

signed signed right of 2nd most significant bit

Example Data Formats

Consider an example utilizing the L64260 in
which the data and coefficients are both
two's-complement fractional numbers. If
SHIFT.0 and SHIFT.1 are HIGH, PR=0 and
1.000000000000000 (-1) is multiplied by
1.000000000000000 (-1), then the result on the
L64260 D0.21-D0.0 pins will be
00001.00000000000000000 (+1). The MSB of the
multiplier product is at D0.18 and the binary
point is to the right of D0.17. For the same
multiplication with SHIFT.0 and SHIFT.1 LOW,
the result on the L64260 D0.21-D0.0 pins will
be: 000600000001.00000000000 (+1). All numbers
in this example are with the MSB to the left.
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The L64261 produces somewhat different
results. Suppose SHIFT.0 and SHIFT.1 are
HIGH, PR=0 and both data and coefficients are
unsigned. If .1000000000000000 {0.5) is multi-
plied by .1000000000000000 (0.5}, then the result
on the L64261 D0.21-D0.2 pins will be
0.0100000000000000000 {0.25). The MSB of the
multiplier product is at D0.20 and the binary
point is to the left of D0.20. For the same multi-
plication with SHIFT.0 and SHIFT.1 LOW, the
result on the L64261 D0.21-D0.2 pins will be:
0000000.0100000000000 (0.25). These examples
were for 16-bit input buses (D10 or CI0). When
12-bit fractional data values are used, the
results are the same {i.e., .100000000000 times
.100000000000 is 0.010000000000000000, as
expected).

Data Precision

The 32-bit multiplier products must be trun-
cated in order to generate an output of only 22
bits {or 20 bits for the L64261). The bit widths of
the signals in the L64260/L64261 are shown in
the block diagrams. Whenever a bus width is
reduced, the LSBs are simply truncated.

Latency

The latency (delay from input to output in
cycles) depends on the actual configuration of
the chip and the setting of the variable delay
element. If the state registers are used and
the variable delay is set to two, then the total
latency is seven cycles: the first state reg, the
MAC X input reg, the MAC ACC, the shifter out-
put reg, two in the variable delay element and
the output reg. The minimum latency is six
cycles when the state registers are bypassed.
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Cascading Multiple Chips

The SRO output and the PR input are provided
for cascading multiple chips to create filters
with larger windows. The SRO output can be
connected to the Bl input of another chipin a
1D system to effectively increase the shift reg-
ister and hence the filter window length. The
PR bus is used to sum the output from another
chip in the system. The PR input path is
pipelined if the internal control signal ENREG is
HIGH and is unpipelined when ENREG is LOW.
For systems with high data rates it is neces-
sary to pipeline the PR input path.

The variable delay element before the partial
result adder is used to cancel the pipeline
delays in the partial result path. For 1D filters,
the two delays at the SRO output cancel both
the PR input pipeline register and the output
register delays. Hence, filters of arbitrary win-
dow length can be constructed without exter-
nal components. For 2D filters, the SRO output
is not used and the variable output delay must
be used instead. It can cancel the delays
accumulated in a five chip system (if PR

pipeline register is bypassed) or a three chip
system {(if the PR pipeline register is enabled).

The two registers at the SRO pins effectively
delay the inputs to the next processor in a cas-
caded 1D filter system by two cycles. Care
should be taken to ensure that CT is similarly
delayed.

The number of delays provided by the variable
delay element is determined by the internal
control signal, DEL.0-DEL.2 as shown in

Table 3.

Table 3. Effect DEL.O-DEL.2 Controls

DELO DEL.1 DEL2 Number Delays
0 0 ] 2
1 0 0 3
0 1 0 4
1 1 0 5
0 ] 1 6
1 ] 1 UNDEF
1] 1 1 UNDEF
1 1 1 UNDEF
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Architecture Loading the Control Parameters and CI3 bus. The way in which the coefficient,
(Continued) Coefficients control and mode latches are addressed is
Before normal filter operation can commence, shown in Tables 4, 5 and 6.
all of the filter coefficients (if they are to be
stored in the internal coefficient storage) and When coefficients or control parameters are
operating parameters must be loaded into the being loaded into the processor, the output
processor. The pins, REGADR.0-REGADR.5 (DO} will be undefined for a number of cycles
specify which coefficient or control register is not greater than the sequencer period +40
being loaded. When WE is pulled LOW data is cycles. The SRO output will be undefined for a
latched. Coefficient data is loaded on the CI0 period of less than 20 cycies in which DVALID
bus and control parameters are loaded on the is true.

Table 4. Addressing for Control Latches

REGADR ci3

0 DVALIDM - DVALID MASK
DVALIDI - DVALID INVERT

ENOM - TAP 0, EN MASK
ENOI - TAP 0, EN INVERT

ENTM — TAP 1, EN MASK
EN1I - TAP 1, INVERT

ENZM - TAP 2, EN MASK
EN2! — TAP 2, EN INVERT

EN3M — TAP 3, EN MASK

wlow|wijm|un|afw[N |-

EN3I - TAP 3, EN INVERT

=
=

ESOM —TAP 0, RES MASK
ESOI - TAP 0, RES INVERT

|

X
[%]

|

ESTM - TAP 1, RES MASK

S11 - TAP 1, RES INVERT

]
]

|

@
2
m

| 14 RESZM — TAP 2, RES MASK
| 15 RES21  TAP 2, RES INVERT
16 RES3M — TAP 3, RES MASK
17 RES3! — TAP 3, RES INVERT

For 0 < REGADR < 17, the seventh bit {MSB) of each control word is loaded on the CI3.15 pin and the LSB is ioaded on the
Ci3.8 pin.

\
\
|
|
1
| Table 5. Addressing for Mode Latches
|
|
|
|

REGADR CI3.15 ci3.14 ci3.13 c13.12 ci.1 cI3.10 CI3.9 cI38
18 DS3.1 DS3.0 DS2.1 DS2.0 DS1. DS1.0 DS0.1 DS0.0

i 19 CSM.1 CSM.0 SSM.1 SSM.0 SSI.1 SSLO XS YS

| 20 TCD TCC SHIFT.1 SHIFT.0 DEL.2 DEL1 DEL.0 ENREG
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(Continued)

Table 6. Addressing for Coefficient Latches

REGADR C10.0-C10.15
32 TAP0CO
33 TAPOC1
34 TAPO0C2
35 TAPOC3
36 TAP 1 CO
37 TAP1C1
38 TAP 1C2
39 TAP1C3
40 TAP 2C0
41 TAP2C1
42 TAP 2C2
43 TAP 2C3
44 TAP3CO
45 TAP 3 C1
46 TAP 3 C2
47 TAP3C3

The Sequencer

Some decoding hardware is included to make
it possible to program the processor to per-
form many repetitive operations including all of
those listed in the Applications section. The
only off chip hardware required is a single
counter (applied via the CT pins). The counter

MASK.0 INVERT.0

MASK.1 INVERT.1

MASK.7 INVERT.7

>

C17

Figure 1. The Sequencer
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was left external to the processor to give the
user more flexibility in the sequencing of oper-
ations and the synchronization of several pro-
cessor chips. The repetition rate of the pro-
gram can be adjusted by adjusting the modulus
of the counter. In addition, the RES, EN, CS
and SS signals for each multiplier can be pro-
grammed as a function of the control counter
(the type of function supported is a single
minterm). The RES and EN signals can be sep-
arately programmed for each multiplier. The
CS and SS signals are the same for all four
multipliers. The clocking of the data registers
is controlled by the sequencer which makes
operation with different system and data clock
rates straightforward.

There are three different types of circuits in
the sequencer. There is one which generates
SS, one which generates CS and one which
generates the four RES, four EN signals and
DVALID. Note that the mask and invert signals
are different for each control signal and are
loaded by the user and stored in latches in the
processor. Also note thatthe SS and CS cir-
cuits are less general than the others and only
consider the low two bits of the count value.

CSM.0
CSM.1
CT1
DVALID
RES —_ —
EN SSM.0 SSI.0
CT.0
SSM.1 SSI.1
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Programming the Sequencer

The sequencer has been designed to be easily
programmed. There are no real instructions;
the user simply specifies which minterm of CT
will cause each internal control signal to be
valid. This is done by latching the MASK and
INVERT signals for each control output. The
user then supplies the appropriate CT values
(normally from a counter) to manipulate the
control signals.

To cancel the internal data path pipeline
stages as effectively as possible, the control
signals are similarly pipelined. DVALID has
one delay from the CT pins, CS and SS are
delayed two cycles, RES is delayed three
cycles and EN is delayed four cycles. For fil-

tering operations, this delay is inconsequential.

However, for matrix operations in which the

data has a definite beginning and end, the
delay must be accounted for. When using the
internal state or coefficient registers when
computing matrix operations, the count value
input on the CT bus shouid be advanced by one
cycle. If the internal state registers are
bypassed during matrix operations, the count
value should be advanced by two cycles rela-
tive to the data inputs.

The values of the control signals needed to
perform many common applications are given
in the next section. Programming the proces-
sor for these cases is really quite simple; all
four TAPs have identical RES and EN (EN is
always true) signals and, at most, a two-bit
counter is required. For filters with large dif-
ferences in system and data clock rates, the
control of the processor is more complex.

Application Examples

To illustrate the versatility and power of the
processor, several applications are shown in
the following sections. Table 7 is a list of some
possible operations which can be performed
with one or more processors. All of the data

Table 7. Partial List of Possible Operations (N=Number of Chips)

rates listed in the table are for an L64260A or
L64261A operating at a 40 MHz clock rate. For
processors operating at lower clock rates, the
data rates should be scaled accordingly.

On Chip

, Window Coeff/Data DVALID RES SS cs
| Operation fINPUT fOUTPUT Length Storage M MmN MA ]
1 1D Filter 40 40 4N Y 0/0 0/0 0/0 0

Fixed 40 20 8N YN 0/0 1/0 N 1
‘ Coeff 40 10 16N YN 0/0 3/0 03 3
| 20 20 8N YN 1/0 1/0 1/0 1
| 10 10 16N YN 3/0 3/0 3/0 3

20 40 8N Y 1/0 0/0 0/0 1

‘ 10 40 16N YN 3/0 0/0 0/0 3
| 40 f<10 160N N/NA
| f
|
l 2D Filter ) ) ANx1..1x4N 7 0/0 0/0 /0 0
‘ Fixed 40 20 4Nx2..1x8N Y 0/0 1/0 N 1

Coeff 40 10 4Nx4..1x16N Yy 0/0 3/0 0/3 3
: 20 20 4Nx2..1x8N Y 10 1/0 1/0 1
| 10 10 4N x4..1x16N YN 3/0 3/0 3/0 3
| | <10 4Nx%Q ..1xJ§QMf N/N
| 1D Filter 40 40 4N N/Y 0/0 0/0 0/0 NA

Adaptive 40 20 8N N/Y 0/0 1/0 0/1 NA

Coeff 40 10 16N N/Y 0/0 3/0 0/3 NA
; 20 20 8N N7Y 10 1/0 1/0 NA
| 10 10 16N N/Y 3/0 3/0 3/0 NA
| 40 f<10 N/NA

Operation Matrix Size Cycles
Matrix-Vector Mult KxL %h
Matrix-Matrix Mult KxL K ﬁn
Operation Vector Size Cycles
Inner Product K X
4N
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(Continued)

CLK

Clo

RESQ —1

ENO

Decimation Filter
For filtering requirements with large decima-
tion rates

(D=fIN g,
fouT

Figure 2 is used. In this configuration, there
are four coefficient inputs connected to
CI0-CI3 and a single data input connected to
DI0. The decimation ratio,

D=L

4N

where L is the length of the filter impulse
response and N is the number of chips used.
The maximum data output rate is

40 MHz
D

The coefficients are supplied from an offchip
RAM or ROM. The offchip counter counts from
0to L-1 and the sequencer is programmed to
reset each of the MACs every L cycles with an
offset of D cycles from each other. Itis also
possible to configure the processor as 4N

cn Cl2

independent filters {different input data but the
same impulse response) each with an impulse
response length and decimation ratio of L.

For this application, the L64260 can support 16-
bit data and coefficients with cascaded pro-
cessors. The L64261 can support 16-bit data
but only 12-bit coefficients with cascaded
processors.

All control values for this application are given
in Table 8 in which L =64 and D = 16. A 6-bit
counter output is connected to CT. Itcan be
seen that DVALID is always true (latching data
at a 40 MHz rate). Each MAC is reset 17 cycles
from the adjacent MAC. Normally, for a deci-
mation ratio of 16, each MAC would be reset 16
cycles after the adjacent MAC. However, to
maintain a 40 MHz input data rate, the input
data is passed through the data shift register,
causing an extra delay of one cycle in the data
of each TAP with respect to the data of the
preceding TAP. Each TAP output is enabled for
non-overlapping periods of 16 of the 64 cycles
so that they are effectively multiplexed over
the output bus, DO.

ci3

CLK

Y

CLK CLK

4

'

MAC RES2 —

MAC RES3 — MAC

B
QA _Q

oK —p R

(+ )=—rR
ok —p R

DO

Figure 2. Decimination Filter
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Table 8. Configuration Data for Decimation
Filter with a Decimation Ratio of 16

Address Function Bit 7-Bit 0 DEC
0 DVALIDM 00000000 0
1 DVALIDI 00000000 0
2 ENOM 00110000 48
3 ENODI 00010000 16
4 ENTM 00110000 48
5 EN1Y 00100000 32
6 EN2M 00110000 48
7 EN2I 00110000 48
8 EN3M 00110000 48
9 EN3! 00000000 0
10 RESOM 00111111 63
1 RESO! 00000000 0
12 RES1IM 00111111 63
13 RES11 00010001 17
14 RES2M 00111111 63
15 RES2| 00100010 k3
16 RES3M 00111111 63
17 RES3} 00110011 51
18 DMUX 01010100 84
19 MUX 00000001 1
20 MISC 00000000 0

TAP 0: DI bus is selected as data input.

TAP 1: Cascade bus (TAP A bus) is selected as
data input.

TAP 2: Cascade bus (TAP A bus) is selected as
data input.

TAP 3: Cascade bus (TAP A bus) is selected as
data input.

State registers are selected in each TAP as
data input (X) of the MAC.

Cl bus is selected in each TAP as coefficient
input (Y) of the MAC.

SHIFT is set to set the significance of the MSB
of each multiplication to be the same as D0.12.
Data (MAC X input) is unsigned and coeffi-
cients (MAC Y input) are signed.

The variable delay is set to be two.

The partial result bypasses the input register.

169

16-TAP 10 MHz Fixed Coefficient Filter

Figure 3 is used to implement 16-TAP 10 MHz
{(input and output sample rates) fixed-coeffi-
cient filter. In this case, there is a single data
input connected to D10 and a single coefficient
input connected to CIO that is used to load the
coefficient into on chip storage latches. Each
MAC performs four multiplications per sample.
The leftmost MAC computes the first four TAPs
of the filter and so on. To increase the filter
impulse response length, multiple processors
can be connected in a cascade configuration.
The cascade and data outputs are connected
to the data and partial result inputs of adjacent
processors in a cascaded system. If the par-
tial-result input pipeline-register is enabled, fil-
ters of unlimited length can be implemented
without use of the variable delay element.

To implement a 20 MHz or 40 MHz filter (input
and output rates), the number of data registers
accessed by each MAC can be reduced to 2 or
1, respectively. Of course, the impulse
response length drops to 8 TAPs with 20 MHz
sample rates and 4 TAPs with 40 MHz sample
rates. This is simply a matter of reconfiguring
the chip and reprogramming the sequencer.

Itis also possible to configure the processor to
perform decimation filtering with a 40 MHz
input sample rate and 20 MHz (8-TAP filter) or
10 MHz (16-TAP filter) output sample rates
without using off-chip storage (as shown in the
previous example). For these cases, the
sequencer is simply reprogrammed.

For this application, both the L64260 and L64261
support 16-bit data and coefficients with cas-
cadability. Both are fully cascadable.
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Dio

Clo

COEFF
REG (4)

CLK

E

RESQ —

ENO

COEFF
REG {4)

y

CLK  CLK —%:]

N

j
olad]n|eefale

y
==
N

COEFF
REG {4}

A\

'

[#d ;
Y Y
R COEFF R
N
Y Y

CLK  CLK R |_|£_§- CLK

RES1 —#-|

MA

RES2 —~

I?»CLK ck—p R
c

MAC

RES3 — MAC

R

Figure 3. 16-Tap 10 MHz Fixed Coefficient Filter
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Application Examples 4 x 4 10 MHz Fixed Coefficient Filter As with the decimation example shown, the
(Continued) If the shift register chain shown in the previous L64260 supports full 16-bit data and coeffi-
example is broken and data from different lines cients while the L64261 can only support 12-bit
of the input signal are inserted at the breaks, data and 16-bit coefficients.
2-dimensional filtering can be accomplished.
One case is shown in Figure 4. Here the 16 The control words required to implement this
TAPs are organized into a 4 x 4 configuration to function are shown in Table 9. A 2-bit counter
perform a 10 MHz input/output rate filter. is connected to CT. In this case, DVALID is true
Similar to the previous example, it is possible only every fourth cycle when CT =0. The RES
to reduce the number of TAPs as the sample signal for ail MACs is also true every fourth
rates increase. cycle. All MACs are always enabled and all
four MAC outputs are summed to produce a
single output.
DI0 cn ci2 ci3
cio | l 1
R R g R g R
Y / Y
[+ d (x4 [ [rd
y y
[+d [+ 4 (=4 (4
Y ' y ' y
COEFF R g COEFF R g COEFF [ R g COEFF R g
REG (4) REG (4) REG (4) REG {4)
N N N N
y 4 Y
CLK —ES:—_‘ R 4ok o AEP @- oK CLK~EP cK CLK‘ESZ‘ @» oK
RESQ —| MAC RES1 —+| MAC RES2 — MAC RES3 —»| MAC
ENO EN1 EN2 EN3
®- o

(D
CLK ‘Ejﬁé]
(+)=—rr
CLK
DO
Figure 4. 4 x 4 10 MHz Fixed Coefficient Filter
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Table 9. Configuration Data for 10 MHz Fixed
Coefficient 2-D Filter

Address F Bit 7-Bit 0 DEC
0 DVALIDM 00000011 3
1 DVALIDI 00000000 0
2 ENOM 00000000 0
3 ENOI 00000000 0
4 ENIM 00000000 0
5 ENil 00000000 0
6 EN2M 00000000 0
7 EN2| 00000000 0
8 EN3M 00000000 0
9 EN3I 00000000 0
10 RESOM 00000011 3
n RESOI 00000000 0
12 RES1M 00000011 3
13 RES1# 00000000 0
14 RES2M 00000011 3
15 RES2I 00000000 0
16 RES3M 00000011 3
17 RES3! 00000000 0
18 DMUX 10101000 168
19 MUX 11110000 240
20 MISC 11110110 246

172

Tap 0: Dl bus is selected as data input.

Tap 1: Cl bus is selected as data input.

Tap 2: Cl bus is selected as data input.

Tap 3: Cl bus is selected as data input.

State registers are selected in each TAP as
data input of the MAC.

Coefficient registers are selected in each TAP
as Y input of the MAC.

Data (MAC X input) is signed and coefficients
(MAC Y input) are unsigned.

SHIFT is set to set the significance of the MSB
of each multiplication to be the same as D0.18.
The variable delay is set to be five.

The partial result bypasses the input register.
The 1/0 signal waveforms for this application
are shown in Figure 5. Note that the only 40
MHz signals required are the CLK and CT sig-
nals and that the input data is latched at the
vertical dashed lines. Some internal signals
are shown at the bottom of the diagram to
illustrate the detailed internal operation.
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ek [o] 71 121 3 [e1 [51 Te] [71 Je] [el o] [nl [rz] [w3] [rs]_Jws] _[we] [r7] [18] [re
| | | ! |
pio X X0,0 X X0,1 X X0.2 X X03 X04 X
| I | 1 |
on X xo X xu D X1.2 X X1.3 X X14 X
| | | ! I
oz X X2.0 X X2,1 X X2.2 X X2.3 X X2.4 X
| | | l |
X X3.0 X X3,1 X X32 X X33 X X34 X
er XXX 2 XX o XX 2 X3 X o XX X X o X O X XX X X2 X3 X
PR X X X PR-1 X PRO X PRI
Do* X X
30 30
PR-1+Y Y Xij-1Cij PRO+ Y, 3 XijCij
i=0j=-3 i=0j=-3
DVALID /~1\ /\ /\ /\ / N\
ss XX XXX X B X XX XX X2 X X o X X X E X e X X
es XXX XX 2 XXX T X2 XX e XX XXX O XX X X
REs \ /\ /\ /\ /\ /\
xTAP0  XX0,-2XX0,-3)x0,-4 )X %0.0 Xx0, 1XX0,-2X(X0,-3Xx0.1 X{X0.0 XX0,-XX0,-2){X0,2 X X0, X X0,0 XX0,-1X X0,3 X X0.2 X X0.1 XX0.1 XX0.4
v1apo X0 Xco,2 Xco3XcooXco,1 X o2 X co3XcooXco, Xcoz Xco3Xco.0Xco1 Xc02)Xco3Xc0.0)XCo,1 XC0.2 XC0,3XCo.0

*The variable delay is set to five.

Figure 5. /0 and Selected Internal Signal Waveforms for the 4 X 4 10 MHz Filter
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16-TAP 10 MHz Adaptive Coefficient Filter

For applications requiring the coefficients to
change at the same rate as the input data,
Figure 6 is used. Instead of fetching the coeffi-
cients from the on-chip register files, the coef-
ficients are brought in on the four coefficient
buses connected to CI0-CI3. Otherwise the
operation in this configuration is very similar to
that for fixed coefficient 1D filters.

Clo

ci ciz

The L64260 supports full 16-bit data and coeffi-
cients while the L64261 can only support 16-bit
data and 12-bit coefficients. Both versions are
fully cascadable.

Ci3

\ES

Y ; A

RESO —{ MAC

MAC RES3 —#~|

ok —p R
(+)=—rn
ok —p R ]

DO

Figure 6. 16-TAP 10 MHz Adaptive Coefficient Filter
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Inner Product Processor

uct can be expanded by connecting the out-
puts of each chip to the partial result of the
next chip in the chain.

Cio Dio cn bn

To compute arbitrary inner products in which
both multiplier inputs must change every cycle,
Figure 7 is used. The length of the inner prod-

In this case, the L64260 supports 16-bit data
and is fully cascadable. The L64261 is not cas-
cadable and only 12-bit is supported.

DI2

@7 CLK CIK

CLK [?— CLK  CLK l?—- CLK CLK
RESO — MAC

MAC RES3 —»

DI3

¢

MAC

Figure 7. Inner Product Processor
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Data

Coeff

Multiplier Qutput

Accumulator

Tap Output

Adder Tree Output

PR Input

164260 DO Output

PR Input

164261 DO Output

Any combination of fractional signed and
unsigned data and coefficients can be handled
by the L64260/61. A fractional number is one in
which the magnitude is always strictly less
than one. The following diagrams show the
flow of the data within the VFIR for different
combinations of signed and unsigned data and
coefficients. The binary point, indicated by the
dark circle, is shown for shift values of 0 and 3.

The results are shown for both the L64260 and
L64261 each operating with either 12- or 16-bit
data and coefficients. 12-bit {or any other
number of bits less than 16) operation is the

Data Flow for Unsigned Data and Coefficients

12-Bit Format

gslmhshzln[ml s[8]7]s]s]4]
£5|14|13]12I11|10[ s/8[7]6]s]4]

same as 16-bit operation with the LSBs set to
zero. For fractional data formats, the position
of the binary point at each stage of the compu-
tation is unaffected by the number of signifi-
cant bits.

When the number of bits is reduced, simple
truncation is performed. Because the accu-
mulator is 40 bits wide, the dynamic range of
the computations will be greatest if each result
is computed within a single multiplier-accumu-
lator. In this case, the result will be truncated
at the end of the computation rather than at an
intermediate stage.

16-Bit Format

Disfidisfiz]nfio] s8] 7]s[s]e[3]2]1]o]
SslsfizfuifofsTs][s]s[«[a]2[1]o]

00000000 }1[30]29]28[27]25]zs]zn[zs]zz]n]zo]19|1s|n|16]15|14[13[1z[11|1o[9[s[7]5[5[4[3[2]1]o]

lg[aa]ylsshslsalsa]sz";l|3o]29|za|z7]25]25]24]23]22]21lzolwfsslnhs]:5|14|13[12]1 Jio]s[8[7]s]s[a[3]2]1]o]
N

|2sfedlesfoalorogslsglivefis afssfief1 1o s s []6] 5[ a 5] 2] ]o]

—— shift=3
—= shift=0

i 1
o [jz1{zo]a]s8]7]sefysrafianzf 1ol o [s [ s[a] 3] 1 To]

[zt]zo]més]17]16]15[14|13\32]11[10] s/8]7]s]s[4]3]2]1]o]

IE‘@I”]""”|'5|‘54.,“‘|‘3|‘zl"|‘°I s/8]7]s[s]4]]2]
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Data
Coeff

Multiplier Output

Accumulator

Tap Output

Adder Tree Output

PR input

1642
80 DO Output

PR Input

Leaz61 DO Output

Data

Coeff

Multiplier Output

Accumulator

Tap Output

Adder Tree Qutput

PR Input

164260 DO Output

PR Input

L8528 50 gutput

Data Flow for Unsigned Data and Signed Coefficients (Data and Coefficients can be swapped)
12-Bit Format

425|14I13I12|11l1019IBI7ISI 54|
[1s[sa]1aizifro] o] 8] 7]6 5] 4]

16-Bit Format

£15114l13|12|11|10|918|7|6|5|4|BIZM
||ti14[r3[12|n]10]9|8|7|6|5|4]3|2[1]£|

s s fatfaafatfsfarfaofeslesferfoeles]aalesfeaoifad]ssfie] 17 i6] s[1e]13]s2]1]10[ s | 7] 6 [ | & [3]2]1]o]

[os[aea7[asfasfaafalae]at|sofesoeferfoefes]oafasfaa] o acssfte] r]s6]rs 4] 13r2] 11 [n0] o 8[7[6]s]4[3[2]1]o]

Izs]za!z:gzzlmIzo]19[1e|11}sl15]14]13|12|11]10] s[s[7]6[s]4]3]2]1]o]

——» shift=3

— shift=0

Y '
afasfeaai[aors] e[ 17[r6]15]1a[s3]12]11]10] s[s]7]6]5]4]3]2]1]o]

|Er20[19|1sc17|1s]15|14[13[12<11|10| s[s]7]6]s[4]3]2]1]o]

[facsse]17ss]s[1afi]r2]11]10] o] 8| 7[6]5]4]s]2]

Data Flow for Signed Data and Coefficients

12-Bit Format

|15i\4]13|12]11]10] o[8[ 7]s]s]4]
[131}14[13]12]11|10| s[s]7]s[5]4]

16-Bit Farmat

@4]13]12[n[m|9]s|7[5[5|4|3|z|1]n]
@4{13[12[1\]10[9[3[7[6[5[4[3[2[1 [o]

[a[si]aifaifsifafai]ssjaifzof 29]28[27]25[25[24]23]22[21]20]19|18||7]16]15[14]13[\2|11]10[9|al7[e|5|4|3|2 1o

sofagarfaefaslaafaalselsfaolzfeelaroelosfedfasfealar e8] 17]16]ts] 4[] 12[1 1]n0[ s | 8 7] s]s[4]3]2]1]o]

[asfaalaalea]ifad] 151617161 1a]13]s12{11]10] s[s[]6]s]a]s]2]1]o]

— shift=3

— shift=0

Y
kafedlea]arfacrsfef17]r6]ss[1ara]12[111o] o[ 8] 7] 6| 5] a[3[2]1]o]

[21]20)19]18[17 18]15]14[\3]12111JOIBIB]7I615I 4[3]2]1]o]

©

|21]20|19J\v18—[17]16115]14]13:‘];1411]10] s]s|7]6]s|4]3]2]
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Fractional Data Formats  The number of products which can be summed appropriate constraints on the data or coeffi-
and the L64260/1.64261 without the possibility of overflow (in a single cients, a sum of a greater number of products
(Continued) device) is a function of the data formats and can be formed without overflow.

the shift value and is tabulated below. With

Data Coeff Shift No. of Products
Format Format Value 164260 164261
0 512 256
1 128 64
Signed Signed 2 32 16
3 8 4
Unsigned Signed 0 256 128
1 64 32
Signed Unsigned 2 16 8
3 4 2
0 256 64
1 64 16
Unsigned Unsigned 2 16 4
3 4 1
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Operating Absolute Maximum Ratings (Reference to GND) Recommended Operating Conditions
Characteristics
Parameter Symbol Limits Unit Parameter Symbol Limits Unit
DC supply voltage vDD -0.3to +7 \ DC supply voltage vDD +3 10 +6 \
Input voltage VIN |-03t0VDD+03 | V Operating ambient
DC input current IN £10 mA temperature range
Storage temperature | TSTG -85t +150 °C Military TA 550 4125 c
range Commercial TA 010 +70 °C

DC Characteristics: Specified at VDD =5 over the specified temperature and voltage ranges ™.

Symbol P Condition Min Typ Max Units
VIL Low level input voltage 0.8 \
VIH High level input voltage

Commercial temperature range 20 Vv
Military temperature range 2.25 V'
1IN Input current VIN=VDD -150 200 pA
VOH High level output voltage Comm Mil
I0H = -4 mA -32mA 24 45 \)
VoL Low level output voltage Comm Mit
0L = 4mA 32mA 0.2 04 \Y
108 Output short circuit current VDD = Max, VO = VDD 15 130 mA
VDD = Max, VO = OV -5 -100 mA
IDDa Quiescent supply current VIN = VDD or VSS 10 mA
IDD Operating supply current tCYCLE =25ns 300 mA
CIN Input capacitance Any input 5 pF
couT Output 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. Duration of short circuit test must not exceed one second.

AC Characteristics: Commercial (TA=0°C to 70°C, VDD =4.75V t0 5.25 V).

L64260/L64261A L64260/1L64261
Symbol Parameter Min Typ Min Max
tCYCLE Minimum clock (CLK) cycle time 25 33
tPWH Minimum clock (CLK) pulse width, HIGH 8 "
tPWL Minimum clock {CLK) pulse width, LOW 8 1
tPIS PR setup time ? 6 8
tPIS PR setup time ® 20 24
tPIH PR hold time 4 6
tDIS DI0-DI3, CI0-CI3, CT setup time 6 8
tDIH D10--D13, CI0-CI3, CT hold time 4 6
t0D QOutput delay (D0,SRO) from CLK * 18 22
tRS REGADR setup time with respect to WE | 5 7
tRH REGADR hold time with respect to WE T 5 7
tCS CI0, CI3 setup time with respect to WE | 8 1
tCH CI0, CI3 hold time with respect to WE T 10 14
tWW Minimum WE pulse width, LOW 8 11
tWC Minimum WE cycle time 25 33

Notes:

1. Alltimes are in ns.

2. When ENREG is HIGH
3. When ENREG is LOW
4. CLOAD =55pF
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L64260/L64261
High-Speed
Versatile FIR Filter
(VFIR)

L.OGIC

AC Characteristics: Military (TA = -55°C to 125°C, VDD =45V t0 5.5 V).

L64260/1L64261A L64260/1.64261
Symbol Parameter Min Typ Min Max
tCYCLE Minimum clock (CLK) cycie time 33 40
tPWH Minimum clock {CLK) pulse width, HIGH 1 15
tPWL Minimum clock {CLK) pulse width, LOW n 15
tPIS PR setup time 8 10
tPIS PR setup time * 27 32
tPIH PR hold time 6 8
tDIS DI10-D13, CI0-CI3, CT setup time 6 8
tDIH Di0-DI3, C10-CI3, CT hold time 4 [
t0D Output delay (D0,SR0) from CLK 24 28
RS REGADR setup time with respect to WE @ 7 9
tRH REGADR hold time with respect to WE # 7 9
€S CIg, Ci3 setup time with respect to WE @ n 15
tCH C10, Ci3 hold time with respect to WE = 13 19
tWw Minimum WE pulse width, LOW 1 15
tWC Minimum WE cycle time 33 40
Notes:
1. Alltimes are in ns.
2. When ENREG is HIGH
3. When ENREG is LOW
4. CLOAD =55 pF
AC Timing Waveforms Timing for Normal Filter Operation
- tCYCLE
CLK 7£ * 7£
~—{DIS ——|4— tPWH >~ tPWL

o %

CT

—> 1DIH
- tPIS —]
PR X X X
— tPIH
Do
SRO

Timing for Normal Filter Operation

‘—toDﬁ

REGADR X

tCH

o3 X
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L64260/L64261 1.OGIC
High-Speed
Versatile FIR Filter
(VFIR)

L64260 Package Pin information (223-Pin PGA, by Pin Name)

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal
A2 VDD C4 D0.20 E16 Ci3.10 K4 Clo.6 R2 ch.n U4 PR.20
A3 Di0.8 C5 D10.12 E17 Cl3.n K15 D0.3 R3 DI1.10 Us PR.18
A4 DI0.11 C6 DI0.14 E18 Cl2.0 K16 00.5 R4 Cnse U6 DI1.13
AS DI3.14 C? D0.10 F1 Clo.1 K17 DI2.0 RS cna4 u? DI1.15
AB DI3.12 C8 D0.12 F2 ch.o K18 VSS R6 PR.16 us PR.O
A7 D0.13 C9 DI3.9 F3 cha L1 WE R7 PR.14 Us DI2.15
A8 VSS C10 DI3.8 F4 D10.0 L2 D5 R8 SR0.0 U10 SR0.3
A9 VoD c1n DI3.6 F15 CI3.9 L3 D6 R9 SR0.2 Ut DI12.14
A10 VSS c12 SR0.13 F16 Ci3.2 14 Cl0.3 R10 DI12.12 Ut2 PR.9
All D0.17 C13 SR0.11 F17 Ci2.3 Li5 D0.1 R11 D12.10 Ui3 PR.7
A12 D0.19 C14 DI3.2 Fi8 Ci3.14 L16 D0.2 R12 DI2.8 U14 PRS
A13 DI35 C15 SR0.6 G1 Cl0.9 L7 D21 R13 PR.3 U15 CT5
Al4 DI3.3 C16 Cl3.4 G2 Cl0.10 L18 VDD R14 CT3 U16 CT1
A5 DI31 Cc17 Ci3.5 G3 Cl0.12 M1 Ci0.5 R15 Cl2.4 U17 VDD
A16 SR0.5 C18 CI3.6/CT6 G4 Ci0.13 M2 Clo4 R16 Cl2.6 U18 VSS
A7 VoD D1 DI0.1 G15 Ci3.3 M3 C10.1 R17 Ci2.8 Vi VSS
A18 VSS D2 DI0.2 G16 C13.12 M4 Ci0.0 R18 DI2.5 V2 VDD
B1 vDD D3 Cit.3 G17 00.9 M15 Cl2.14 T cnsg V3 Ci.s
B2 VSS D4 D10.6 G18 D0.7 M16 Di2.2 T2 cns V4 DI.12
B3 D0.21 b5 D10.9 Hi VSS M17 Cl2.15 T3 cnz V5 PR.17
B4 DI0.10 D6 DI3.15 H2 Ci0.8 M18 D0.0 T4 PR.21 V6 Di1.14
B5 D10.13 D7 DI0.15 H3 D11 N1 Cl0.2 T5 PR.18 \ PR.1
B6 DI3.13 D8 DO.11 H4 D0 N2 Dn.7 T6 PR.15 V8 VSS
87 DI3.At D9 DI3.10 H15 C13.13 N3 Clt.15 T7 PR.13 V9 VoD
B8 DO0.14 D10 DI3.7 H16 CI3.15 N4 Cl1.13 T8 SR0.1 Vi0 VSS
B9 DO0.15 DN SR0.14 H17 D0.6 N15 crn T9 PR.12 AL PR.11
B10 D0.16 D12 SR0.12 H18 Ci2.1 N16 DI2.3 T10 DI2.13 V13 PR.10
B11 D0.18 D13 SR0.9 J1 VDD N17 Cl2.12 ™m DIz V13 PR.8
B12 SR0.15 D14 SR0.7 J2 DI1.4 N18 Cl2.13 T12 DI2.8 V14 PR.6
B13 DI34 D15 DI3.0 J3 D3 P1 Dn.g T13 DI2.7 V15 PR.2
B14 SR0.10 D16 Ci3.0 J4 Dh.2 P2 Ci.14 T4 PR.4 V16 CT2
B15 SR0.8 D17 CI3.8 J15 Cl2.2 P3 €N.12 T15 CT4 V17 VSS
B16 SR0.4 D18 CI3 J16 DO0.8 P4 cl.e T16 CT0 V18 VDD
B17 VSS E1 Cl0.14 J17 D0.4 P15 Ci27 7 DI2.6

B18 vDD E2 Cl0.15 J18 vDD P16 Cl28 T18 Cl2.5

C1 DI04 E3 cn.2 K1 VSS P17 CI2.10 ()] vDD

C2 DI0.5 E4 DI0.3 K2 Cl.7 P18 Di2.4 U2 VSS

C3 DI0.7 E15 Ci3.7/CT7 K3 CLK R1 DI.g u3 DIt
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L64260/L64261 IIL 1 .OGIC
High-Speed
Versatile FIR Filter
{VFIR)

L64260 Package Pin Information (223-Pin PGA, by Signal Name)

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal
M4 Cl0.0 R16 Cl2.6 c2 DI0.5 Tt Di2.1 All D0.17 C13 SRO.11
M3 Clo.1 P15 Cl2.2 D4 DI0.6 R10 Di2.12 B11 D0.18 D12 SR0.12
N1 Clo.2 R17 Cl2.8 C3 DI0.7 T10 DI2.13 A12 D0.19 C12 SR0.13
L4 Clo.3 P16 Cl2.9 A3 DI0.8 un DI2.14 C4 D0.20 D11 SR0.14
M2 Clo.a P17 Cl2.10 D5 DI0.9 U9 DI2.15 B3 D0.21 B12 SR0.15
M1 Cl0.5 N15 Ciz.1 B4 DI0.10 D15 DI3.0 us PR.O A17 V0D
K4 Cl0.6 N17 Ci2.12 A4 DI0.N A15 DI3.A \ PR.1 A2 VDD
K2 Clo.7 N18 Cl2.13 C5 DI0.12 Ci4 DI3.2 V15 PR.2 A9 VDD
H2 Cl0.8 M15 Cl2.14 BS DI0.13 Al4 DI3.3 R13 PR3 B1 VDD
G1 Cl0.9 M17 Cl2.15 C6 DI0.14 B13 DI34 T4 PR4 B18 VDD
G2 CI0.10 D16 CI3.0 07 DIC.15 A13 DI3.5 ut4 PR.S 41 vOD
F Clo.1 D18 CI3.1 H4 DI1.0 c1n DI3.6 V14 PR.6 J18 VDD
G3 Cl0.12 F16 Cl3.2 H3 DIl D10 DI3.7 U13 PR.7 L18 VDD
G4 C10.13 G15 Ci33 Ja Di.2 Ci0 Di3.8 V13 PR.8 U1 VDD
E1 C10.14 C16 Cl3.4 J3 DNn.3 o] Di3.9 U12 PR.9 u17 V0D
E2 Cl0.15 c17 Cl35 J2 0.4 D9 DI3.10 Vi2 PR.10 V18 VDD
F2 Ci.o C18 CI3.6/CT.8 L2 DI1.5 B? DI3.1 Vi1 PR.11 V2 VDD
F3 Cl1 E15 CI3.7/C17 L3 DI1.6 Ab DI3.12 T9 PR.12 V9 VDD
E3 Clh.2 D17 Ci3.8 N2 DI1.7 B6 DI3.13 T PR.13 A10 VS$S
D3 ch.3 F15 Ci39 P1 DI.8 A5 DI3.14 R7 PR.14 A18 VSS
RS Ch.a E16 C13.10 R1 DI1.9 D6 DI3.15 16 PR.15 A8 VSS
V3 Ci.5 E17 CI3.1n R3 DI1.10 M18 D0.0 R6 PR.16 B17 VSS
R4 Ch.6 G16 Cl3.12 u3 DI1.11 L15 DO.1 V5 PR.17 B2 VSS
T3 Ci1.7 H15 CI3.13 va DI1.12 L16 D0.2 U5 PR.18 H1 VSS
T2 Ci.8 F18 CI3.14 us D13 K15 D0.3 15 PR.19 K1 VSS
T1 ci.9 H16 CI3.15 V6 DI.14 J17 D0.4 U4 PR.20 K18 VSS
P4 Ci.10 K3 CLK u7 Di1.15 K16 D0.5 T4 PR.21 u18 VSS
R2 cii.n T16 CT0 K17 Di2.0 H17 D0.6 R8 SR0.0 U2 VSS
P3 Ch.12 u16 CT1 L17 Di2.1 G18 D0.7 T8 SR0.1 V1 VSS
N4 Ci1.13 V16 CT2 M16 DI2.2 J16 00.8 R9 SR0.2 V10 VSS
P2 Cl1.14 R14 CT3 N16 DI2.3 G17 00.9 u10 SR0.3 V17 VSS
N3 Ch.15 T5 CT4 P18 DI24 C7 00.10 816 SR0.4 V8 VSS
E18 Cl2.0 U15 CT5 R18 0125 D8 D0.11 A16 SR0.5 Lt WE
H18 Cl2.1 F4 DI0.0 7 DI2.6 c8 D0.12 C15 SR0.6

J15 Cl2.2 D1 DI0.1 T13 DI2.7 A7 D0.13 D14 SR0.7

F17 Cl2.3 D2 D10.2 R12 DI2.8 B8 D0.14 B15 SR0.8

R15 Cl2.4 E4 010.3 T12 DI2.9 B9 D0.15 D13 SR0.9

T18 Cl2.5 C1 DI0.4 R11 DI2.10 810 D0.16 B14 SR0.10
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L64260/1.64261

High-Speed

Versatile FIR Filter

(VFIR)

LLOGIC

L64261 Package Pin Information {144-Pin PGA, by Pin Name)

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal
Al DI0.5 810 | CN.15 D13 | DIt.14 H13 {VSS M13 | CI24 P7 CI3.15
A2 DI0.1 811 | Ch.a2 D14 | PR.18/DI1.10 H14 | PR.12/DI14 M4 | CT2 P8 D0.9
A3 C10.13 B12 | CI.9 D15 | PR.16/DI1.8 H15 |MP M15 | PR4/DI12.8 P9 D0.5
A4 Cl0.12 B13 | Ch.7 E1 B10.15 J1 | D048 N1 | SR0.11/Di13. P10 D0.4
A5 C10.10 B14 | Cl4 E2 BI0.11 J2 | D0.20 N2 | SR0.18/Di3.18 P11 Cl2.15
AB VSS B15 | PR.21/DI1.13 E3 DI0.9 J3 [VSS N3 | SR0.5/DI3.5 P12 Ci2.12
A7 vDD C1 DI0.10 E13 | PR19/DIL.N J13 | PR.9/DI2.13 N4 | CI34 P13 Cl2.10
A8 Clo.6 €2 | DI0G E14 | PRAS/DILY J14 | PR8/DI2.12 N5 | VSS P14 Cl2.6
A9 Clo.a C3 | Dl0.3 E15 | SR0.0/DI2.4 J15 | PR.11/DI2.15 N6 | CI3.11 P15 CT1
A0 Cl0.3 C4 | DI0.2 F1 DO.14 K1 | D0.19 N7 | CI3.14 R1 vOD
All Cl0.0 C5 Ci0.15 F2 DIC.14 K2 D0.21 N8 {VSS R2 CI3.6/CT6
A12 Clt.13 C6 Cl0.9 F3 DI0.13 K3 | SR0.15/DI3.15 N9 | VDD A3 Ci3.8
A13 Ch.1 Cc7 WE F13 SR0.1/0t2.5 Ki3 | PR.5/DI2.9 N10 | D03 R4 Ci3.10
Al4 Ci1.8 c8 CLK F14 | SR0.2/DI12.6 K14 | PR.6/DI2.10 N1t | Clzn R5 C13.13
A15 Ci.5 C9 Cl0.2 F15 | PR.14/DI1.6 K15 [ PR.10/DI2.14 N12 | CI2.8 R6 Do.1
B1 DI0.7 C10 | Cih.14 G1 D0.15 L1 | SR0.14/D13.13 N13 | Cl2.7 R?7 D0.10
B2 DI0.4 C1n | ch.1o G2 | D0.12 L2 | SR0.13/Di3.13 N14 | CTO R8 D0.8
B3 DI0.0 C12 | Ch.6 G3 | D0.13 L3 | SR0.9/DI13.9 N15 {CT4 R9 D0.7
B4 Cl0.14 C13 | DIL.15 G13 | VDD L13 |CT3 P1 | SR0.7/DI3.7 R10 D0.6
BS Clo.11 C14 | PR.20/DI1.12 G14 | SR0.3/DI2.7 L14 | CT5 P2 | SR0.4/DI3.4 R11 D0.2
B6 Cl0.8 C15 | PR.17/D1.9 G15 | PR.13/D1S L15 | PR7/DI2.11 P3 | CI35 R12 Cl2.14
B7 Cig.7 D1 DI0.12 H1 00.17 M1 | SR0.12/DI3.12 P4 | CI3.7/CT.7 R13 Cl2.13
B8 Clo.5 D2 | DI08 H2 | D0.16 M2 | SR0.10/Di3.10 P5 | CI39 R14 Cl2.9
B9 Cio.1 D3 | VDD H3 | VDD M3 | SR0.6/DI3.6 P6 | CI3.12 R15 Ci2.5
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L64260/L64261

High-Speed
Versatile FIR Filter

(VFIR)

LSIpe ¢ (¢

L64261 Package Pin Information (144-Pin PGA, by Signal Name)

Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin Signal
Al Ci0.0 B11 Ch.12 P6 Ci3.12 F3 010.13 K2 00.21 P2 SR0.4/DI3.4
B9 Ci0.1 A12 ch.13 RS CI3.13 F2 DI0.14 H15 MP N3 SR0.5/DI13.5
C9 Cl0.2 C10 Ch.14 N7 CI3.14 El DI0.15 M15 PR.4/DI2.8 M3 SR0.6/D!13.6
A10 Cl0.3 B10 C.15 P7 CI3.15 D13 DI1.14 K13 PR.5/Di2.9 P1 SR0.7/Di3.7
A9 Clo.4 M13 Cl2.4 c8 CLK C13 DI.15 K14 PR.6/D12.10 N2 SR0.8/DI3.8
B8 CI0.5 R15 Cl2.5 N14 CT0 R11 D0.2 L15 PR.7/D12.11 L3 SR0.9/D13.9
A8 Cl0.6 P14 C12.6 P15 CT1 N10 D0.3 J14 PR.8/DI12.12 M2 SR0.10/DI3.10
B7 Clo.7 N13 Cl2.7 M4 CT.2 P10 Do.4 J13 PR.9/D12.13 N1 SR0.11/DI3.11
B6 Cl0.8 N12 Cl2.8 L13 CT3 P9 D0.5 K15 PR.10/D12.14| Mt SR0.12/DI13.12
C6 Clo.9 R14 Cl2.9 N15 CT4 R10 00.6 J15 PR.11/DI12.15 12 SR0.13/D13.13
AS Ci0.10 P13 Ci2.10 L4 CT5 R9 00.7 H14 PR.12/D11.4 L1 SR0.14/DI3.14
BS Clo.11 N11 cizn B3 DI0.0 R8 00.8 G15 PR.13/DI1.5 K3 SR0.15/DI13.15
A4 Ci0.12 P12 Cl2.12 A2 DIO.t P8 D0.9 F15 PR.14/DI1.6 A7 VDD

A3 Cl0.13 R13 Cl2.13 ca Di0.2 R7 D0.10 E14 PR.15/D11.7 D3 VDD

B4 Cl0.14 Ri2 Cl2.14 C3 Di0.3 R6 D0.11 D15 PR.16/D11.8 G13 VDD

C5 C10.15 P11 Cl2.15 B2 DI0.4 G2 D0.12 C15 PR.17/D11.9 H3 VvOD

B14 Cit4 N4 Cl3.4 Al DI0.5 G3 00.13 D14 PR.18/D11.10] N9 vOD

A15 Ci.5 P3 CI3.5 C2 010.6 F1 D0.14 E13 PR.19/D11.11 R1 vDD

C12 Cl.6 R2 CI3.6/CT6 B1 DI0.7 Gt 00.15 C14 PR.20/D11.12| A6 VSS

B13 cn.? P4 C13.7/CT7 02 DI0.8 H2 D0.16 B15 PR.21/DI1.13| H13 VSS

Al4 [M]IK:] R3 CI13.8 E3 DI0.9 H1 00.17 E15 SR0.0/DI2.4 J3 VSS

B12 cn.s P5 CI39 C1 DI0.10 J1 D0.18 F13 SR0.1/DI2.5 N5 VSS

cn Ci.10 R4 Ci3.10 E2 DIO.11 K1 D0.19 F14 SR0.2/DI2.6 N8 VSS

A13 chn N6 ci3n D1 DIg.12 J2 D0.20 G1a SR0.3/DI2.7 7 | WE
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L64260/L64261 LSIIESIN[®
High-Speed
Versatile FIR Filter
(VFIR)

Packaging 223-Pin Ceramic Pin Grid Array (Cavity Down): See FS Package in Package Selector Guide
144-Pin Ceramic Pin Grid Array: See FE Package in Package Selector Guide

L64260 Ordering L64260 G c -xXx

Information - T T ‘
—[_— Speed in MHz

Temperature Range/Fiow Option
C = Commericial (0°C to 70°C)
M = Military (-55°C to + 125°C),
Processed to MIL-STD-883C Level B

Package Code
G = 223-Pin Ceramic Pin Grid Array

Device Type
Versatile FIR Filter

L64261 Ordering 164261 G M XX
Information T
—L Speed in MHz

Temperature Range/Flow Option
C = Commericial {0°C to 70°C)
M = Military (-55°C to + 125°C),
Processed to MIL-STD-883C Level B

Package Code
G = 144-Pin Ceramic Pin Grid Array

Device Type
Versatile FIR Filter

185

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003



