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(54) A programmable logic device having complex logic blocks with improved logic cell 
functionality

(57) A CLB-based PLD with logic cells having im-
proved logic, register, arithmetic, logic packing and timing
functions and capabilities is disclosed. The CLBs of the
PLD are arranged in rows and columns of an array and
are interconnect by a plurality of interconnect lines. Each
of the plurality of CLBs has a first slice of logic cells and
a second slice of logic cells arranged in a first column
and a second column. First and second carry chains are
provided between each of the logic cells of each column.
At least one (56) of the logic cells includes one or more
Look Up Tables (30A,30B) for implanting logic functions
on a set of inputs provided to the one logic cell (56) and
an arithmetic logic circuit (24) configured to receive a

carry-in signal and to generate a carry-out signal forming
part of the first carry chain. The logic cell further includes
a first output register (28). An output of the register (28)
is provided as an input to one (30A) of the Look Up Tables
of the cell through a register feedback connection
(60,58). In an embodiment, the set of inputs provided to
a first and a second of the Look Up Tables are different,
enabling a higher degree of logic efficiency or "packing"
by enabling each cell to perform logic functions on two
different sets of inputs as opposed to only the same set
of inputs. Finally, in another embodiment, the arithmetic
logic circuit is capable of generating two SUM output sig-
nals.
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Description

BACKGROUND

1. Field of the Invention.

[0001] The present invention generally relates to Com-
plex Logic Block (CLB) based Programmable Logic De-
vices (PLDs), and more particularly, CLBs including a
plurality of slices, each having one or more logic cells
with improved logic, register, arithmetic, logic packing
and timing functions and capabilities.

2. Description of Related Art

[0002] A Programmable Logic Device (PLD) is a sem-
iconductor integrated circuit that contains fixed logic cir-
cuitry that can be programmed to perform a host of logic
functions. In the semiconductor industry, PLDs are be-
coming increasingly popular for a number of reasons.
Due to the advances of chip manufacturing technology,
application specific integrated circuits (ASICs) designs
have become incredibly complex. This complexity not
only adds to design costs, but also the duration of time
needed to develop an application specific design. To
compound this problem, product life cycles are shrinking
rapidly. As a result, it is often not feasible for original
equipment manufacturers (OEMs) to design and use
ASICs. OEMs are therefore relying more and more on
PLDs. The same advances in fabrication technology
have also resulted in PLDs with improved density and
speed performance. Sophisticated programming soft-
ware enables complex logic functions to be rapidly de-
veloped for PLDs. Furthermore, logic designs generally
can also be easily migrated from one generation of PLDs
to the next, further reducing product development times.
The closing of the price-performance gap with ASICs and
reduced product development times makes the use of
PLDs compelling for many OEMs.
[0003] The architecture of most PLDs defines a two-
dimensional array of logic blocks. Row and column inter-
logic block lines, typically of varying length and speed,
provide signal and clock interconnects between the
blocks of logic in the array. In one type of commercially
available PLD, the blocks of logic are referred to as Com-
plex Logic Blocks or CLBs. Each CLB includes a pair of
slices. The two slices in each CLB do not have direct
connections with one another and are organized in dif-
ferent columns. The slices in each column, however, are
connected to the slices of the above and below CLBs,
creating independent carry chains. For example, the slic-
es in the first and second columns each receive a carry
in (Cin) signal from the previous CLB and generate a
carry out signal provided to the next CLB respectively.
[0004] Each slice typically includes four logic cells
(hereafter simply referred to as "cells"). Each cell includes
a 6-input logic function generator, typically referred to as
a Look Up Table (LUT), arithmetic circuitry for receiving

and generating Cin and Cout carry signals, an output
register for generating a registered output, a non-regis-
tered output, and storage elements for performing ROM
functions. The LUT can be configured as either a single
6-input LUT, or two five input LUTs, both receiving the
same set of inputs (e.g., A1-A5).
[0005] For more details on CLB based PLDs having
slices, see for example the "Virtex-5 User Guide", UG190
(v3.0), February 2, 2007, published by Xilinx Corporation,
San Jose, CA, pages 155-181, incorporated by reference
herein for all purposes.
[0006] The problem with the aforementioned cells is
its lack of flexibility and imitations in performing logic,
various register, arithmetic functions and a lack of flexi-
bility for efficiently packing logic functions into the cell.
[0007] A PLD with CLBs defining slices having one or
more logic cells with improved logic, register, arithmetic,
logic packing and timing functions and capabilities is
therefore needed.

SUMMARY OF THE INVENTION

[0008] A CLB-based PLD with logic cells having im-
proved logic, register, arithmetic, logic packing and timing
functions and capabilities is disclosed. The CLBs of the
PLD are arranged in rows and columns of an array and
are interconnect by a plurality of interconnect lines. Each
of the plurality of CLBs has a first slice of logic cells and
a second slice of logic cells arranged in a first column
and a second column respectively. First and second carry
chains are provided between each of the logic cells of
each column of slices. At least one of the logic cells in-
cludes one or more Look Up Tables for implanting logic
functions on a set of inputs provided to the one logic cell
and an arithmetic logic circuit configured to receive a car-
ry-in signal and to generate a carry-out signal forming
part of the first carry chain. In one embodiment, the logic
cell further includes a first output register a second output
register and the set of outputs generated by the logic cell
are partitioned among the first output register and the
second output register. In another embodiment, an out-
put of one of the registers is provided as an input to one
of the Look Up Tables of the cell through a register feed-
back connection. In yet another embodiment, the set of
inputs provided to a first and a second of the Look Up
Tables are different, enabling a higher degree of logic
efficiency or "packing" by enabling each cell to perform
logic functions on two different sets of inputs as opposed
to only the same set of inputs. Finally, in another embod-
iment, the arithmetic logic circuit is capable of generating
two SUM output signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention may best be understood by ref-
erence to the following description taken in conjunction
with the accompanying drawings, which illustrate specific
embodiments of the present invention.
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[0010] Figure 1 is a block diagram illustrating a pro-
grammable logic device according to the present inven-
tion.
[0011] Figure 2 is a block diagram of a logic cell used
in a CLB based PLD architecture according to the prior
art.
[0012] Figure 3 is a logic cell with enhanced register
functionality according to one embodiment of the present
invention.
[0013] Figure 4 is a logic cell with register feedback
according to another embodiment of the present inven-
tion.
[0014] Figures 5A and 5B are a block diagrams illus-
trating how register feedback aids in balancing delays
between stages of a logic circuit design to reduce the
overall propagation delays of the circuit according to the
present invention.
[0015] Figures 6A-6E are various embodiments of the
logic cell of the present invention having improved logic
functionality capabilities.
[0016] Figure 7 is another embodiment of a logic cell
of the present invention having register feedback and an
input swap multiplexer.
[0017] Figures 8A-8B is a logic cell capable of perform-
ing arithmetic on two bits in accordance with the present
invention.
[0018] It should be noted that like reference numbers
refer to like elements in the figures.

DETAILED DESCRIPTION OF SPECIFIC EMBODI-
MENTS

[0019] The present invention will now be described in
detail with reference to a various embodiments thereof
as illustrated in the accompanying drawings. In the fol-
lowing description, specific details are set forth in order
to provide a thorough understanding of the present in-
vention. It will be apparent, however, to one skilled in the
art, that the present invention may be practiced without
using some of the implementation details set forth herein.
It should also be understood that well known operations
have not been described in detail in order to not unnec-
essarily obscure the present invention. Further, it should
be noted that the techniques of the present invention
could be applied to a variety of systems or electronic
devices such as programmable devices and application-
specific integrated circuit (ASIC) devices.
[0020] Referring to Figure 1, a block diagram of a pro-
grammable logic device (PLD) 10 of the present invention
is shown. The PLD includes a plurality of Complex Logic
Blocks (CLBs) 12 arranged in an array of rows and col-
umns. Each CLB 12 includes a first slice 14A and a sec-
ond slice 14B. The slices 14A of the CLBs 12 in a given
column are interconnected by a first carry chain 16A, as
designated by the carry-in (Cin) and carry-out (Cout) lines
received and outputted by the slices 14A. Similarly, the
slices 14B are interconnected by a second carry chain
16B, as designated by the carry-in (Cin) and carry-out

(Cout) lines received and outputted by the slices 14B.
Although not illustrated, the individual CLBs 12 are inter-
connected by a plurality of inter-CLB lines, as is well
known in the art. For more details on CLB based PLDs
having slices, see for example the "Virtex-5 User Guide",
UG190 (v3.0), February 2, 2007, published by Xilinx Cor-
poration, San Jose, CA, pages 155-181, incorporated by
reference herein for all purposes.
[0021] Each slice 14 includes one or more logic cells.
In one specific embodiment, each slice 14 includes four
logic cells. In other embodiments, either more or fewer
logic cells may be used per slice 14. In alternative em-
bodiments for example, one to three, or five through six-
teen or more logic cells may be included per CLB 14. In
general, the number of specific logic cells in a CLB is
arbitrary, and should not be construed as limiting the
present invention.
[0022] Referring to Figure 2, a block diagram of a logic
cell 20 according to the prior art is shown. The logic cell
20 includes a six-input Look Up Table 22, an arithmetic
logic circuit 24, two output multiplexers 26A and 26B, and
an output register 28.
[0023] The six input Look Up Table 22 includes two
five-input Look Up Tables 30A and 30B, each configured
to receive the same set of inputs D1 through D5, and a
Look Up Table output multiplexer 32, which is configured
to receive a sixth input D6. With this configuration, the
Look Up Table 22 can be configured as either a single
six-input Look Up Table capable of generating a single
logic function "O6", or two five-input logic functions des-
ignated F1(D1, D2, D3, D4, D5) and F2(D1, D2, D3, D4,
D5) respectively.
[0024] The arithmetic circuit 24 is configured to imple-
ment arithmetic logic functions, such as counters and
shifter registers. The arithmetic circuit 24 is configured
to receive a seventh input (DX) and a carry-in (Cin) from
the logic cell below. In response, the arithmetic circuit
generates a SUM signal and a carry out signal (Cout),
which is provided to the cell above.
[0025] The output multiplexer 26A generates a non-
registered output (DMUX) selected from inputs (06, O5,
SUM and Cout). The output multiplexer 26B selects from
inputs (O6, O5, SUM, Cout, and DX). The register 28
generates a registered output (DQ) from the input select-
ed by multiplexer 26B. A third output (D) is derived from
the Look Up Table output multiplexer 34 (06).
[0026] Figure 3 is a logic cell with enhanced register
functionality according to one embodiment of the present
invention. The logic cell 36 is similar to the cell 20, except
it additionally includes a second output register 38, output
multiplexer 40, and a scan-chain 42. In the embodiment
shown, the output multiplexer 26B is configured to re-
ceive (scan-in, 06 and Cout), while the multiplexer 40 is
configured to receive (DQ, O5, SUM, and DX). The sec-
ond output register is configured to generate output
(DQ1), the value of which is determined by the selection
of multiplexer 40.
[0027] The scan-chain 42 in Figure 3 allows the output
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of one register (i.e., 28) to be provided as an input to the
next register (i.e., 38). For example in Figure 3, the reg-
ister 28 receives the "scan-in" signal from the above cell,
whereas the register 38 provides the "scan-out" signal
to the next cell.
[0028] The enhanced register functionality of logic
cells 36 provides a number of advantages over conven-
tional cells, such as that illustrated in Figure 2. The scan-
chain 42 through the registers 28 and 38 allows greater
functionality, such as pipelining and/or the creation of
shift registers, between cells. This feature was not pos-
sible in the prior cell. The partitioning of the outputs
among the two registers 28 and 38 also provides greater
flexibility in register packing, which is the ability to effi-
ciently place or "pack" more logic into a given cell.
[0029] It should be noted that this specific partitioning
of the output signals generated by the logic cell 36 in
Figures 3 are merely exemplary. The output signals may
be partitioned in any arbitrary way among the output reg-
isters. Furthermore, the output signals do not have to be
limited to those specifically identified above. Rather, the
output signals can be selected from generic signals, such
as outputs of the Look Up Tables of the cell, a sum, carry-
out signal, or any other signal generated by the arithmetic
circuit 24, or any of the inputs to the logic cell.
[0030] Referring to Figure 4, a logic cell 56 with register
feedback according to another embodiment of the
present invention is shown. The logic cell 56 is similar to
that of Figure 2, except it includes a multiplexer 58 and
a feedback path 60 between the (DQ) output of the reg-
ister 28 and the multiplexer 58. In the embodiment shown,
the multiplexer 58 receives two inputs, D1 and DQ. Ac-
cordingly, the registered output of the cell 56 can be se-
lectively provided as an input to both five-input Look Up
Tables 30A and 30B. Although the multiplexer 58 is
shown coupled to the input D1, it should be noted that
the multiplexer 58 can be used to "swap" the registered
output (DQ) for any of the logic cell inputs D1 through D6.
[0031] Pipelining is common in circuit design tech-
nique. With pipelining, a complex circuit is broken down
or partitioned into a plurality of clocked pipelined stages.
At each stage, the circuit performs a specific operation.
With each clock cycle, the results of each stage are tran-
sitioned to the next stage. The speed (i.e., frequency) or
clock cycle of the pipelined circuit is dictated by the long-
est propagation path between any two stages in the pipe-
line. For example, if a number of stages have a propa-
gation delay of 5 nanoseconds, but one stage has a delay
of 10 nanoseconds, then the entire circuit must operate
at the 10 nanosecond rate. Higher speed performance
can therefore be achieved if a better balance of the delays
at the various stages of the circuit can be achieved.
[0032] Referring to Figure 5A, a block diagram 65 il-
lustrating how register feedback aids in balancing delays
between pipelined stages of a logic circuit according to
the present invention is shown. In the diagram, three
stages A, B and C are provided. The first stage A has a
circuit 68 with a 5 nanosecond delay followed by register

28a. The second stage B has a long wire 69 with a 5
nanosecond delay, a first circuit 68b with a 5 nanosecond
delay and a second circuit 68b with another 5 nanosec-
ond delay, followed by a register 28b. The third stage C
has two circuits 68c with a combined 10 nanosecond
delay and a register 28c. By using the register feedback
60 as illustrated in Figure 4, the delay of the long wire 69
can be made to occur before (i.e., to the left of) the register
28a, rather than after (i.e., or to the right of the register).
This shifting of the delay associated with wire 69 is log-
ically illustrated in Figure 5B. As a result, the delay at
each of the three stages has been balanced with each
being 10 nanoseconds. Consequently, as illustrated in
this example, the register feedback 60 can be used to
improve the clock speed or frequency at which the logic
circuit operates, thereby improving performance.
[0033] Figures 6A-6E show various embodiments of
the logic cell of the present invention having improved
logic functionality capabilities. As noted above, the two
Look Up Tables in the cell 20 of Figure 2 have limited
flexibility, as each is limited in receiving the same inputs
(D1, D2, D3, D4, D5). Figures 6A - 6E in contrast show
various embodiments where different combinations of in-
puts can be provided to the two five-input Look Up Tables
30A and 30B respectively. This flexibility aid in improving
the density or "packing" as more logic can be squeezed
into two Look Up Tables 30A and 30B capable of oper-
ating on different inputs, as opposed to operating only
on the same set of inputs.
[0034] In Figure 6A, the Look Up Table 30A receives
inputs (D1A, D2, D3, D4, D5) and generates function F1
(D1A, D2, D3, D4, D5). Look Up Table 30B receives
(D1B, D2, D3, D4, D5) and generates function F2 (D1B,
D2, D3, D4, D5). The D1 input to the two Look Up Tables
30A and 30B is therefore different This arrangement im-
proves flexibility when the two Look Up Tables 30A and
30B are used in a fractured mode. For example, since
30A and 30B are sharing only four inputs, they can be
configured as two independent three-input Look Up Ta-
bles, or two four-input Look Up Tables, with only two com-
mon inputs. It should be noted that the use of different
inputs for D1 is only exemplary. Any of the inputs D1
through D5 can be different in accordance with this em-
bodiment
[0035] In Figure 6B, the Look Up Table 30A receives
inputs (D1A, D2A, D3, D4, D5) and generates function
F1 (D1A, D2A, D3, D4, D5). Look Up Table 30B receives
(D1B, D2B, D3, D4, D5) and generates function F2 (D1B,
D2B, D3, D4, D5). The D1 and D2 inputs to the two Look
Up Tables 30A and 30B is therefore different. This ar-
rangement also improves flexibility when the two Look
Up Tables 30A and 30B are used in a fractured mode.
For example, since 30A and 30B can each implement
four-input Look Up Tables with two common inputs. It
should be noted that the use of different inputs for D1
and D2 is only exemplary. Any two of the inputs D1
through D5 can be different in accordance with this em-
bodiment.
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[0036] Figure 6C is similar to Figure 6B with the Look
Up Table 30A receiving inputs (D1A, D2A, D3, D4, D5)
and Look Up Table 30B receiving inputs (D1B, D2B, D3,
D4, D5). In addition, a swap multiplexer 62, AND gate 64
and a programming bit "R" are provided to control the
multiplexer 62 and gate 64. The swap multiplexer 62 al-
lows either the input D5 or D6 to be provided to the fifth
input of Look Up Table 30A. When the value of the pro-
gramming bit R is set so that the input D6 is selected by
the multiplexer 62, the output of the AND gate 64 will
force the multiplexer 32 to select the function F1 from the
Look Up Table 30A. Thus, if D6 is used as an input, the
Look Up Table 30A will always be selected by multiplexer
32. With the R bit set, Look Up Table 30A generates the
function F1 (D6, D3, D2A, D1A) and 30B generates the
function F2 (D5, D4, D2B, D1B). When the R bit is reset,
then the 30A and 30B implement two five-input Look Up
Tables with two common inputs respectively.
[0037] Figure 6D is similar to Figure 6B, except it in-
cludes a swap multiplexer 68 coupled to receive the DX
or D1A inputs. With this arrangement, the Look Up Table
30B receives either DX or D1A, instead of D1B as illus-
trated in Figure 6B. By providing the swap multiplexer
68, it allows the DX input to be substituted for the other-
wise shared input D1, allowing the 30A and 30B to be
fractured into two four-input Look Up Tables. F1 is there-
fore (D5, D3, D2A, D1A) and F2 is (D5, D4, D2B, DX).
[0038] Figure 6E is the combination of Figures 6C and
6D. With this arrangement, 30A and 30B can be config-
ured as two five-input Look Up Tables with common in-
puts, or two fractured Look Up Tables generating F1(D6,
D4, D3, D2A, D1A) and F2(D5, D3, D4, D2B, DX) re-
spectively.
[0039] Figure 7 is another embodiment of a logic cell
of the present invention having register feedback and an
input swap multiplexer. This embodiment is essentially
the combination Figures 5A including register feedback
60 and the swap multiplexer 68 of Figure 6D. In this case,
the swap multiplexer receives three inputs, including
D2A, DX and the register feedback 60. With this arrange-
ment, 30A and 30B are capable of generating two 5-LUT
functions, the lower of which is able to use the feedback
register driven by DX as one of it’s inputs.
[0040] Figure 8A is a cell having an arithmetic logic
circuit 24 capable of generating two sum outputs, SUM1
and SUM2. The first SUM1 signal is derived by the ad-
dition from two signals from the first Look Up Table 30A,
whereas the second SUM2 is generated from two signals
from the second Look Up Table 30B. As is well under-
stood in the art, a five-input Look Up Table is essentially
two four-input multiplexers and a select multiplexer that
is controlled by the fifth input. For this reason, the diagram
of Figure 8 shows two four-input Look Up Tables and a
multiplexer for elements 30A and 30B respectively. For
the sake of simplicity, the non-registered output and out-
put multiplexer of the cell are not shown.
[0041] Figure 8B is a logic diagram illustrating the arith-
metic logic circuit 24 of Figure 8A. As illustrated, the

SUM1 signal is generated by a first adder 82A from the
sum of two four-input Look Up Tables, and the signal
SUM2 is generated by a second adder 82b from the sum
of a second two four-input Look Up Tables. A carry signal
84 is provided between the two adders 84B and 84A.
[0042] According to one aspect (first aspect), the in-
vention provides an apparatus comprising a programma-
ble logic device. The programmable logic device includes
a plurality of CLBs arranged in rows and columns of an
array and a plurality of inter-CLB lines interconnecting
the CLBs of the array. Each of the plurality of CLBs has
a first slice of logic cells and a second slice of logic cells,
wherein the first slice of logic cells and the second slice
of logic cells of the CLBs in a given column of the array
are interconnected by a first carry chain and a second
carry chain respectively. One of the logic cells includes
one or more Look Up Tables for implanting logic functions
on a set of inputs provided to the one logic cell; an arith-
metic logic circuit configured to receive a carry-in signal
and to generate a carry-out signal forming part of the first
carry chain; a first output register; and a second output
register. The set of outputs generated by the logic cell
are partitioned among the first output register and the
second output register.
[0043] According to a first sub-aspect, the set of out-
puts consists of one or more of the following: outputs of
the one or more Look Up Tables of the one logic cell; a
sum output of the arithmetic logic circuit of the one logic
cell; the carry-out signal generated by the arithmetic sig-
nal of the one logic cell; and one of the set of inputs
provided to the one or more Look Up Tables of the one
logic cell.
[0044] According to a second sub-aspect, the appara-
tus further comprising a scan-chain coupled between the
first output register and the second output register.
[0045] According to this second sub-aspect, the scan-
chain may be further interconnected to above logic cells
and below logic cells in the given column in the array.
[0046] According to a third sub-aspect, the apparatus
further comprises a first multiplexer for selecting a first
input to the first register and a second multiplexer for
selecting a second input to the second register.
[0047] In one exemplary variant of this third sub-as-
pect, the apparatus may further comprise a scan chain
coupled between an output of the first register and an
input to the second register through the second multi-
plexer.
[0048] In another exemplary variant, the first slice of
logic cells of the CLBs may be interconnected by a first
scan chain and the second slice of logic cells of the CLBs
may be interconnected by a second scan chain.
[0049] According to: a fourth sub-aspect, the first slice
and the second slice of each of the plurality of CLBs in-
cludes four logic cells respectively.
[0050] According to a fourth sub-aspect, the four logic
cells of the first slice and the second slice of the plurality
of CLBs each include: one or more of the Look Up Tables;
one of the arithmetic logic circuits; the first output register
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and the second output register.
[0051] According to another aspect (second aspect),
the invention provides an apparatus comprising a pro-
grammable logic device. The programmable logic device
includes a plurality of CLBs arranged in rows and col-
umns of an array and a plurality of inter-CLB lines inter-
connecting the CLBs of the array. Each of the plurality
of CLBs has a first slice of logic cells and a second-slice
of logic cells, wherein the first slice of logic cells and the
second slice of logic cells of the CLBs in a given column
of the array are interconnected by a first carry chain and
a second carry chain respectively. One of the logic cells
includes one or more Look Up Tables for implanting logic
functions on a set of inputs provided to the one logic cell;
an arithmetic logic circuit configured to receive a carry-
in signal and to generate a carry-out signal forming part
of the first carry chain; a first output register configured
to generate a registered output; and an input multiplexer
configured to select either one of the set of inputs pro-
vided to the logic cell or the registered output to the one
or more Look Up Tables in the one logic cell.
[0052] According to an exemplary sub-aspect, this ap-
paratus further comprises a register feedback path cou-
pled between the registered output of the first register
and the input multiplexer.
[0053] Optionally, the apparatus of this sub-aspect fur-
ther comprises a second of the logic cells having one or
more Look Up Tables, the one or more Look Up Tables
of the second of the logic cells being configured to pro-
grammably receive the registered output of the first reg-
ister of the one logic cell through the register feedback
path.
[0054] According to a further aspect (third aspect), the
invention provides an apparatus a programmable logic
device. The programmable logic device includes a plu-
rality of CLBs arranged in rows and columns of an array
and a plurality of inter-CLB lines interconnecting the
CLBs of the array. Each of the plurality of CLBs has a
first slice of logic cells and a second slice of logic cells,
wherein the first slice of logic cells and the second slice
of logic cells of the CLBs in a given column of the array
are interconnected by a first carry chain and a second
carry chain respectively. One of the logic cells includes
a first Look Up Table for implanting logic functions on a
first set of inputs provided to the one logic cell; and a
second Look Up Table for implementing logic functions
on a second set of inputs provided to the one logic cell,
wherein the first set of inputs and the second set of inputs
contain similar inputs, but at least one of the inputs in the
first set and the second set are different
[0055] In one exemplary first sub-aspect, the first set
of inputs comprises (D1A, D2, D3, D4 and D5) and the
first Look Up Table may generate a logic function F1
(D1A, D2, D3, D4 and D5) and the second set of inputs
may comprise (D1B, D2, D3, D4 and D5) and the second
Look Up Table may generate a logic function F2 (D1B,
D2, D3, D4 and D5) respectively.
[0056] In another exemplary second sub-aspect, the

first set of inputs comprises (D1A, D2A, D3, D4 and D5)
and the first Look Up Table generates a logic function F1
(D1A, D2A, D3, D4 and D5) and the second set of inputs
comprises (D1B, D2B, D3, D4 and D5) and the second
Look Up Table generates a logic function F2 (D1B, D2B,
D3, D4 and D5) respectively.
[0057] In another exemplary third sub-aspect, the first
Look Up Table is a five-input Look Up Table and the
second Look Up Table is also a five-input Look Up Table,
the one logic cell further comprising a Look Up Table
output multiplexer configured to receive the outputs of
the first and the second Look Up Tables and a sixth input
for controlling the output of the Look Up Table output
multiplexer.
[0058] In an exemplary implementation of the third
sub-aspect, the apparatus further comprises a program-
mable select multiplexer coupled to a selected one of the
first set of inputs and the sixth input, the select multiplexer
being configured to programmably select either the select
one of the first set of inputs or the sixth input as an input
to the first Look Up Table.
[0059] Moreover, in an even more detailed implemen-
tation of the third sub-aspect, the apparatus further may
comprise a configurable bit used to control the program-
mable select multiplexer and the Look Up Table multi-
plexer so that when the sixth input is selected as an input
to the first Look Up Table, the Look Up Table output mul-
tiplexer is configured to select the second Look Up Table.
[0060] In another exemplary implementation of the
third sub-aspect, the apparatus further comprises a sev-
enth input to the one logic cell and a select multiplexer
configured to selectively provide either the seventh input
or one of the second set of inputs to the second Look Up
Table.
[0061] In a further exemplary implementation of the
third sub-aspect, the apparatus further comprises a reg-
ister feedback signal from a register of the one logic cell
and a select multiplexer configured to selectively provide
either the register feedback signal or one of the second
set of inputs to the second Look Up Table.
[0062] According to one aspect (fourth aspect), the in-
vention provides an apparatus comprising. The program-
mable logic device includes a plurality of CLBs arranged
in rows and columns of an array and a plurality of inter-
CLB lines interconnecting the CLBs of the array. Each
of the plurality of CLBs has a first slice of logic cells and
a second slice of logic cells, wherein the first slice of logic
cells and the second slice of logic cells of the CLBs in a
given column of the array are interconnected by a first
carry chain and a second carry chain respectively. One
of the logic cells includes one or more Look Up Tables
for implanting logic functions on a set of inputs provided
to the one logic cell; and an arithmetic logic circuit con-
figured to receive a carry-in signal and to generate a car-
ry-out signal forming part of the first carry chain; and gen-
erate a first SUM signal and a second SUM signal.
[0063] According to an exemplary sub-aspect, the one
logic cell further comprises a first output register to re-
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ceive the first SUM signal and a second output register
to receive the second SUM signal.
[0064] In an exemplary more detailed implementation
of this sub-aspect, the arithmetic logic circuit generates
the first SUM signal by adding a first two signals from a
first Look Up Table and the second SUM signal by adding
a second two signals from a second Look Up Table re-
spectively.

Claims

1. An apparatus comprising:

a programmable logic device (10) including:

a plurality of Complex Logic Blocks, CLBs
(12), arranged in rows and columns of an
array;
a plurality of inter-CLB lines interconnecting
the plurality of CLBs of the array; and
each of the plurality of CLBs having a first
slice (14A) of logic cells and a second slice
(14B) of logic cells, wherein the first slice of
logic cells and the second slice of logic cells
of the plurality of CLBs in a given column of
the array are interconnected by a first carry
chain (16A) and a second carry chain (16B)
respectively; and
one of the logic cells including:

one or more Look Up Tables (30A, 30B) for im-
planting logic functions on a set of inputs pro-
vided to the one of the logic cells;
an arithmetic logic circuit (24) configured to re-
ceive a carry-in signal and to generate a carry-
out signal forming part of the first carry chain;
a first output register (28) configured to generate
a registered output (DQ); and
an input multiplexer (58) configured to select ei-
ther one of the set of inputs provided to the one
of the logic cells or the registered output to the
one or more Look Up Tables in the one of the
logic cells.

2. The apparatus of claim 1 further comprising a regis-
ter feedback path (60) coupled between the regis-
tered output of the first output register and the input
multiplexer.

3. The apparatus of claim 2 further comprising a second
of the logic cells having one or more Look Up Tables,
the one or more Look Up Tables of the second of
the logic cells being configured to programmably re-
ceive the registered output of the first output register
through the register feedback path.

4. The apparatus of claim 2, wherein the register feed-

back path shifts a delay from occurring after the first
output register to occurring before the first output
register.

5. The apparatus of claim 1, wherein the one or more
Look Up Tables comprise a first Look Up Table (30A)
and a second Look Up Table (30B), wherein the first
Look Up Table is a five-input Look Up Table, wherein
the second Look Up Table is a five-input Look Up
Table, wherein the set of inputs includes a first set
of inputs and a second set of inputs, wherein the first
Look Up Table is configured to implant logic func-
tions on the first set of inputs, wherein the second
Look Up Table is configured to implant logic func-
tions on the second set of inputs, wherein at least
one input (D2A) of the first set is different than at
least one input (D2B) of the second set and the re-
maining inputs of the first set are same as the re-
maining inputs of the second set.

6. The apparatus of claim 5, wherein the one of the
logic cells comprises a Look Up Table output multi-
plexer (32) configured to receive outputs of the first
and second Look Up Tables, wherein the Look Up
Table output multiplexer is configured to be control-
led by a sixth input (D6), wherein the arithmetic logic
circuit is configured to receive a seventh input (DX)
and the carry-in signal to generate a SUM signal and
the carry-out signal, wherein the one of the logic cells
further comprises a swap multiplexer (68), wherein
the swap multiplexer is configured to select from the
at least one input (D2A) of the first set, the registered
output, and the seventh input.

7. The apparatus of claim 5, wherein the one of the
logic cells comprises a Look Up Table multiplexer
(32) configured to receive outputs of the first and
second Look Up Tables, wherein output of the Look
Up Table multiplexer is configured to be controlled
by a sixth input (D6), wherein the one of the logic
cells includes:

a swap multiplexer (62) coupled to the sixth input
and one of the remaining inputs of the first set;
and
an AND gate (64) coupled to the output of the
Look Up Table multiplexer, wherein the AND
gate and the swap multiplexer are configured to
be controlled by a programmable bit (R).

8. The apparatus of claim 7, wherein the Look Up Table
output multiplexer is configured to select a function
(F1) output from the first Look Up Table responsive
to a selection of the sixth input as an input to the first
Look Up Table.

9. The apparatus of claim 1, wherein the arithmetic log-
ic circuit is configured to generate a first SUM signal
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and a second SUM signal.

10. The apparatus of claim 9, wherein the one of the
logic cells comprises a second output register (38),
wherein the first output register is configured to re-
ceive the first SUM signal, wherein the second output
register is configured to receive the second SUM sig-
nal.

11. The apparatus of claim 10, wherein the one or more
Look Up Tables comprises a first Look Up Table
(30A) and a second Look Up Table (30B), wherein
the arithmetic logic circuit is configured to generate
the first SUM signal by adding two signals received
from the first Look Up Table, wherein the arithmetic
logic circuit is configured to generate the second
SUM signal by adding two signals received from the
second Look Up Table.

12. The apparatus of claim 1, wherein the first slices in
a column of the array are interconnected by the first
carry chain, and wherein the second slices in a col-
umn of the array are interconnected by the second
carry chain.

13. The apparatus of claim 1, wherein the one or more
Look Up Tables comprises a first Look Up Table
(30A) and a second Look Up Table (30B), wherein
the set of inputs includes a first set of inputs and a
second set of inputs, wherein the first Look Up Table
is configured to implant logic functions on the first
set of inputs, wherein the second Look Up Table is
configured to implant logic functions on the second
set of inputs, where inputs of the first set are same
as inputs of the second set.

14. The apparatus of claim 13, wherein the arithmetic
logic circuit outputs a SUM signal, wherein the one
of the logic cells comprises a Look Up Table output
multiplexer (32), wherein the Look Up Table output
multiplexer is configured to receive outputs of the
first and second Look Up Tables, wherein the Look
Up Table output multiplexer is configured to be con-
trolled by a sixth input (D6) to generate a first logic
function (06), wherein the second Look Up Table is
configured to generate a second logic function (05),
wherein the one of the logic cells includes a first out-
put multiplexer (26A) configured to select from the
SUM signal, the carry-out signal, the first logic func-
tion, and the second logic function.

15. The apparatus of claim 14 further comprising a sec-
ond output multiplexer (26B) configured to select
from the SUM signal, the carry-out signal, the first
logic function, the second logic function, and a sev-
enth input (DX), wherein the arithmetic logic circuit
is configured to receive the seventh input.
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