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- ARCHITECTURE AND INTERCONNECT SCHEME FOR
. PROGRAMMABLE LOGIC CIRCUITS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part (CIP)
application of Serial No. 08/101,197; filed August 3, 1993,
which is assigned to the assignee of the present invention.

THE TVENTIC

The present invention pertains to the field of
programmable logic circuits. More particularly, the present
invention relates to an arch'iiecture and interconnect scheme

for programmable logic circuits.

CKGROUND OF

~ When integrated circuits (ICs) were first introduced,
they were 'ex&eﬁxély expensive and were limited in their
funcﬁohéiit)?i: Rapid strides in semiconductor technology have
vastly reduced the cost while siinultaneously increased the
performance of IC chips. However, the design, layout, and
fabrication process for a dedicated, custom built IC remains
quite costly. ‘This is especially true for those instances where
only a small qﬁéﬂtity of a custom designed IC is to be
manufac':tu'_red;.' Mb_reover, the turn-around time (i.e., the time

from initial d_eSign to a finished product) can frequently be
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quite lengthy, especially for complex circuit designs. For
electronic and computer. products itis cntlcal to be the first to
market. Furthermore, for custom ICs, it is rather dlfﬁcult to
effect changes to the initiai design. It takes time, effort, and
money to make any necessary changes

In view of the shortcomings assoclated w1th custom IC's,
field programmable gate arrays (FPGAs) offer an attractive
solution in many iristancés. Bésiéally, FPGAs are standard,
high-density, off-the-shelf ICs which can be prograrﬁmed by
the user to a desired configuration. Circuit designers first
define the desired logic functions, and the FPGA is
programmed to process the input sighals accordingly.
Thereby, FPGA i.mplementations can be designed, verified, and
revised in a quick and efﬁci.ent manner. Depending on the
logic density requirements and production volumes, FPGAs are
superior alternatives in terms of cost and time-to-market. -

A typical FPGA essentially consists 6f an outer ring of
1/0 blocks surroundmg an mtﬂnor matrix of configurable logic = .
blocks. The I/O blocks residing on the periphery of an FPGA
are user pr_og_rammable, such that each block canbe
programmed indépendently to be an input or an output and _
can also be tri-statable. Each logic block typically contains
programmable cqxhbinatdrial logic and storage registers. The
combinatorial lbgié is used to perform Boolean functions on its

input variables. Often, the registers are loaded directly from a
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logic 'block input, or they can be loaded from the combinatorial
. loglc | |
| Interconnect resources occupy the channels between the
rows and columns of the matrix of logic blocks and also
- between the logic blocks and the I/0 blocks. These
mterconnect resources provide the flexibility to control the
1nterconnectlon between two designated pomts on the chip.
U_sually,_ a metal network of lines run horizontally and
vertica_lly in. the rows and columns between the logic blocks.
Programmable switches connect the inputs and outputs of the
logic blocks and I/O blocks to these metal lmes Crosspomt
switches and mterchanges at the 1ntersecnons of rows and
columns are used to switch 31gnals from one hne to another.
Often, long lines are used to run the entire length and/or
breadth of the chip. |
The funcnons of the I/O blocks, logic blocks, and their
respective mterconnectlons are all programmable Typically,
these funcuons are controlled by a conﬁguratlon program
stored in an on-ch1p memory. The conﬁgurauon program is
loaded automatlcally from an external memory upon power-
up, on command or programmed bya mlcroprocessor as part
of system 1muahzanon
The concept of FPGA was summanzed in the sixty’s by
Minnick who descnbed the concept of cell and cellular array

as reconﬁgurable devices in the followmg documents:
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Minnick, R.C. and Short, _R.A., "Cellular Linear-Input Logic, Final
Report,” SRI Project 4122, Contract AF 19(628)-498, Stanford
Research Institute, Menlo Park, California, AFCRL 64-6, DDC No.
AD 433802 (February 1964); Mmmck R. C "Cobweb Cellular '
Arrays," Proceedmgs AFIPS 1965 Fall Jomt Computer
Conference, Vol 27, Part 1 pp. 327-341 (1965), Mmmck, R.C.
et al., "Cellular Logic, Final Report " SRI Pro_lect 5087 Contract
AF 19(628)-4233 Stanford Research Institute, Menlo Park
California, AFCRL 66-613, (Apnl 1966) and Mlmuck R. C "A |
Survey of Microcellular Research " Joumal of the Assoc1at10n '
for Computmg Machmery, Vol. 14 No 2 pp 203 241 (Apnl
1967). In addition to m_er_nory based (e.g., RAM-based, fuse-
based, or antifuse-based ) means of enabling interconnects |

* between devices, Minnick also discussed both direct |
connectio_ns between neighboring cells and use of husing as
another routing technique. The article by Spandorfer, L. M,
"Synthesis of Loglc Function on anArray of lntegrated
Circuits," Stanford Research Instltute Menlo Park Calif.,,
Contract AF 19(628)2907, AFCRL 64-6, DDC No. AD 433802
(November 1965), discussed the use of complementary MOS :
bi-directional passgate as a means of switching between two
interconnect lines that can be programmed through memory
means and adjacent neighboring cell interconnections. In |
Wahlstrom, S E "Programmable Loglc Arrays Cheaper by
the Mllhons " Electronics, Vol 40, No 25, 11, pp. 90-95
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(Dec_ernber' 1967), a RAM-based, recdﬂﬁgufabie lbgic array of a
two-dimensional array of identical cells with both direct
connectiori_s between adjaéent cells and a network of data
buses is described. |
| Shoup, R. G., "Programmable Cellular Logic' Arrays," Ph.D.
dissertation, Carnegie-Mellon University, Pittsburgh, PA
(March 1970), discussed programmable cellular logic:'.arrays |

| and reiterates many of the same concepts and terminology of
Minnick and recapitulates the array of Wahlstrom. In Shoup’s
thesis, the cbncept- of neighbor connections extends from the
simple 2-input 1-output nearest-neighbor connections to the
8-neighbor 2-way connections. Shoup further described use
of bus as part of the interconnection structure to improve the
power and ﬂéxibility of an array. Buses can be used to route

. signals_ over distances too long, or in inconvenient directiohs,
for ordinary neighbor'conneétions'. This is particularly useful
in passing inp\its and butputs from outside the array to
interior cells. |

U.S. Patent Number 4,020,469 diséussegl a programmable

logic array that can program, test, and répair itself. U.S. Patent
Number 4,870,302 introduced a coarse graiﬁ architecture
without use of neighbor direct intérconnections.where all the
progréxh'med. connections are through the use of three
different sets of buses in a channeled architecture. The coarse

grain cell (called a Configurable Logical block or CLB) contains
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both RAM-based logic table look up combinational logic and
flip flops ins_i.de_ the CLB where a _tis_er deﬁneci logic must be
mapped into the functions available inside the CLB. U.S.
Patent Number 4,935,‘_734 introduced a simple logic function
cell defined as a NAND, NOR or similar types of simpie_logic |
function inside each cell. The irxterconrtectipn scheme is.
through _direct rieighbor anci _directional_ bus connections. U.S. -
Patent Numbers_4,700,187 and 4,9_18,440 defined a more _
complex logic fttnction cell _where an Exclusive OR and AND
functions and a register bit is available and. sel_ecta_ble w1thm
the cell. The pref_erred_ con,rrect_ion- sclieme is through tlirect
neighlior connect._i.ons. Use of bi-dir_ection buses as connections
were also 1nc1uded | _ |
Current FPGA technology has a few shortcommgs These
problems are embodied by the low level of circuit utllrzatlon
given the vast number of transrstors available on chip
provided by the manufacturers Circuit utilization is
1nﬂuenced by three factors. The first one at the transistor or
fine grain cell level is the functlon and ﬂexxbihty of the basrc
logic element that can be readily used by the users. The
second one is the e_ase in which to form meaningful macro
logic functions using the first logic elements with minimum
waste of circuit area. The last factor is the interconnections of
.those macro logic functions to implement chip level de_s_i_gn_

efﬁciently. The fine grained cell architectures such as those
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described ab'oi_re, provided easily usable and flexible logit:al
functions for designers at the base logic element level.
' However, for dense and complex macro functions and
chip lev_el routing, the interconnection resources required to
" connect a large number of signals from output of a cell to the
input(s) of other cells can be quickly exhausted, and adding
these resources can be very expensive in terms of silicon area.
As a consequence, in fine grnined architecture design, most of |
the cells are either left unused due to inaccessibility, or the
cells are used as interconnect wires instead of logic. This add.s
gteatly to routing delays in addition to low logic utilization, or
excessive amount of routing resources are added, greatly
increasing the circuit size. The coarse grain architecture
coupled with extensive routing buses allows significant
improvements for signals connecting outpﬂts of a CLB to
inputs of other CLBs. The utilizatinn at the CLB interconnect
level is high. However, the difficulty is the partitioning and
) mapping of complex logic functions so as to exactly fit into the
CLBs. Ifa part of logic inside the CLB is left unused, then the
utilization (effective number of gates‘per unit area used)
inside the CL.B can be low. _
Another problem with prior art FPGAs is due to the fact
that typically a fixed number of inputs and a fixed number of

outputs are provided for each logic block. If, by happenstance,
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all the outputs of a pa'rticular logic block is used up, then the
rest of that log1c block becomes useless. '
Therefore, there is a need in prior art FPGAs for anew
architecture that will maximize the utilization of an FPGA
while mininﬁzing eny impact on the die size. The new
architecture should prov1de ﬂexxbxhty in the lowest logic
" element level i in terms of functxonahty and flexibility of use by .
users, high densxty per unit area funcuonahty at the macro
level where users can readlly form complex logic funcuons
with the base loglc__: elements, and finally high percentage of
intercenrlectabilit;l w1th a_hierarclrical,l uniformly distributed
routing netWork_.for .sig._na:l_l_s eennecting macros and base logic
elements at th_e ch_ip.__l.evel. Flrrthermqre, the new .archi_te_cture.
should provide users W1th the flexibility of having the number
of inputs and outputs for in'divi:dual logical block be selectable
and programmable, and g.scal:a.ble 'architecture to |

accomedate a range of FPGA sizes.
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- The present invention relates to an architecture of logic
and conné_ction scheme for programmable logic circuits, such
as those for field programmable gate arrays (FPGAs). The
programmable logic circuit is comprised of a number of cells
which perform digital functions on input signals. Depending
on usef's specific design, certain cells are programmably
interconnected to a particular configuration for realizing the
desired logic functions.

In the currently preferred embodiment, four logic cells
(four two-input one-output logic gates 'and one D ﬂip—ﬂ0p)
form a logical cluster (i.e. a 2x2 cell array) and four sets of
clusters form a logical block (i.e. a 4x4 cell array). Within each
cluster, there is a set of five intracoﬁneétion lines, called
Intraéomiection Matrix (I-Matrix), one associated with the
output of each one of the four gates and the D flip-flop that is
connectable to the input of the other cells. Within each logical
block, the I-Matrix within each cluster can be extended to an
adjacent cluster through a passgate to form connections within
the logical block (to extend the intraconnection range). Inside
each logical block, there is an associated set of access lines
called Block Connectors (BCs). The block connectors provide
access to and connectability between the various cells of that
same _log'i'éal' block. In other words, each input and output of

each of the cells of a logical block is capable of being connected
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to a set of block connectors cox_‘re_sponding' to that logical block.
With the judicious usé of I-Matﬁx and block.c.onnect_ors within
the same logical block, a set of signals can be internally
connected without u_s_ing' any resources outside the logical
block. A nﬁmber of programmable switches are used to
control which of the block c;o_nhectors are to _be connected
togetherto a séi of inputs and/or outputs of the cells inside .
the logi_c_al bldék for extémal access connecting to signals
outside the current logical 'Block. In other Words, the input
and/or output pins inside a logical block that are to be
eXternally connected outside of the current ldgical block are
accessed o-rlconnected through biock c_omiectors within the
current logical block.

In order io route signals between the various logical
blocks, a uniformly distributed multiple level a_r_é:hi_tecture
(MLA) routi'ng. network is used to provide connectability
between eacﬁ of the individual sets of block connectors. _
Programmable switches are implemented to control which of
the first level MLA_ routing network lines are _td be c_onn_e_éted _

| togethe_r; Additional bmgrammable switches are used to
controi which of the block connectors are to be connected to
specific first level MLA routing lines. For example, the .-
switches can be programmed to allow. an origiriating cell
belonging to one logical block to be connected to a destination

éell_ belonging to a different logical bloc_:k. This can be
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accomplished by connecting the ori'ginating cell through one or
more of its block connectors, onto the first level MLA,
depending on the distance, other level(s) of MLA, and down
through descending levels of MLAs back to the first level
MLA, and finally through the block connector of the
destination cell. Thereby, the bloék connectors ahd first leirel
of MLA routing network provide interconnectability for an |
8x8 cell aray, called a block cluster.

In the present invention, larger cell arrays can be
interconnected by implementing additional levels of MLA
routing networks. For example, connectability for a 16x16 cell
array, called a block sector, can be achieved by implementing
a second level of MLA routing network lines to provide
connectability between the various first level of MLA routing
lines thereby making connections betweén different block
clusters. Each level of MLA has a corresponding number of
switches for providing programmable interconnections of the
routing network of that level. Additional switching exchange -
networks are used to provide connectability between the
various levels of MLAs.

In one einbodiment, switches are used to provide
connectaﬁility between twb different sets of block connectors.
Moreover, switches can be included to provide connectability
between different sets of MLA routing lines of a particular

level of MLAs. This provides for increased routing flexibility.
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In the present invention, éll MLA rnul_:ing network 1ines
are bi-directional. The switches are comprised of |
programmable bi-dir_ec__:tional passgates. For increased number
of levels, drivcfs may be neces$ary for providing the
necessary switching speed for driving the routing lines,
passgﬁtes_,_ and nssociated loads, etc. In one embodiment,
switches aré used to provide programmable connectaBility
amongst varions sets of block connectors. Addit_ional_ switches
can be implemented to pronide prngrammablé connectability
amongst varigus .sets of the first level of MLA This scheme

can be repeated for higher levels of MLAs.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example,
and not by way of limitation, in the figures of the
accompanying drawings and in whic;h like reference numerals
refer to similar elements and in which:

Figure 1 is a block diagram of a field programmable

gate array logic upon which the present invention may be

practiced.
Figure 2A shbws one example of an individual cell. |
Figure 2B shows another example of an individual cell.
Figure 3A shows a logical clustér.

Figure 3B shows the extension of I-matrix
intraconnections of a logical é}uster to a neighboring logical

cluster.

. Figure 4A shows an example of a logical cluster with

vertical block connectors.

Figure 4B shows an exampie of a logical cluster with

horizontal block connectors.
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Figuré 5A shows the eight block _coni;ectqr to Jevel 1
MLA exchange networks associated with a logical block and
level 1 MLA turn points.

Figure SB shows a level 1 MLA turn point.

Figure 5C shows an exchange network.

Figure 6 shows the foﬁting network for a block clilster.

Figure 7A shows the block diagram of a block sector.

Figure 7B shows a level 1 to level 2 MLA routing |

exchange network.
Figure 8A shows a sector cluster.

Figure 8B shows a level 2 to level 3 MLA routing

exchange network.

Figure 9 shows one embodiment of a hierarchical
multiple level routing network for providing routability

between the logical blocks and the MLA levels.
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Figure 10 shows another embodiment of a hierarchical
multiple level i'outing network for providing routability |
between the logical blocks and the MLA levels.

Figure 11 shows a block diagram of one embodi_ment'of
the hierarchical routing network wherein two groups of block
connectors access the same MLA lines.

Figure 12 shows a block diagram of part of the multiple
level routing network which encémpasses Block Connectors to
the MLA-3 Level with MLA Tabs for higher levels of routing
network.

.Figure 13 shows an MLA-1 turn network.

Figure 14 shows an MLA-2 turn network.

Figure 15 shows an MLA-3 turn network.

Figure 16 shows one embodiment of a routing network
for the MLA-4 layer and the mechanism whereby the MLA-4

lines are accessed.

Figure 17 shows three different switch embodiments.
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Figure 18'shows. one embodiment of a routing network
for the MLA-5 layer and the r_nechan_ism whereby MLA-5 lines

are accessed.
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DETAILED DESCRIPTION

An architecture and interéonnect scheme for
programméble logic circuits is described. In the following
description, for purposes of explanation, numerous specific
details are set forth, such as combinational logic, cell
conﬁgurati_én, numbers of cells, etc., in or&er to provide a
thorough ﬁhderstanding of the present invention. It will be .
obvious, h_owever,‘ to one skilled in the art that the present
invention rhéy be practiced without these specific details. In
other instances, well-known structures and devices are shown
in block diagram form in order to avoid unneéessarily
obscuring the present invention. It should also be noted that
the preserii_inventi'on pertains to a variety of processes
including But not limited to static random access memory |
(SRAM) dynamic random access memory (DRAM), fuse, anti-
fuse, erésablé prdgrammable read only mefnory (EPROM),
electrically erasable programmable read only memory
(EEPROM), FLASH, and ferroelectric processes. _
Refemng to Fxgure 1,a block diagram of a field programmable
gate array logic upon which the present invention may be
practiced ié shown as 100. The I/O logical blocks 102, 103,
111 and 112 provide an interface between external package
pins of the .F'PGA and the internal user logic either directly or
through the /O to Core interface 104, 105, 113, and 114. Four
interface blocks 104, 105, 113, and 114 provide decoupling
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between core 106 and the /O logic 102, 103, 111, and 112.
Core 106 is comprised of a number of élustérs 107 whlch are
intraconnected by I-Matnx 101 and mterconnected by MLA
routing network 108. ' _

Control/programmmg logic 109 is used to control all of |
the bits for programnung the bit and word hnes For anu-fuse
or fuse technology, high voltage/current is applied to either
zap or connect a fuse. For EEPROM, Flash; or ferroelectric
technology, there is an emsé cyélé fqlldwed by a programming
cycle for programiming the logic states of the memory bits. In
order to minimize skewing, a'sep,ara'_té clock/lreset.logic 110is
used to providé clock and reset lines on a grOup basis.

In the Cufrently preferréd embodiment, each of the
clusters 107 is compnsed of a 2x2 hlerarchy of four cells, |
called a 10g1ca1 cluster. Fxgures 2A and 2B show examples of
individual cells 200 and 250. Cell 200 performs multlple logic
functions on two .i'nput'signa'l's (A and B') and pfovides :an |
output signal X. In the currently preferred embodiment, cell |
200 is compriséd of an XOR gate 201, a tWoQinput NAND gate
202, and a two-input NOR gate 203. It should be noted,
however, that in other embodiments, cell 200 can inclu&e
various other t.ypes' 'an:dIOr combinatioris of gates. Cell 250 is
comprised of cell 200 coupled with a D flip flop cell 260. The
output X of cell 200 can be programmed to connect ditecfly to

the data input D of the D flip flop gate 204 by activating
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switch 218. The data input D can be accessed as a third input
of the combined cell 250.

Each of the two input signals A and B and the D input of D flip-
flop can be inverted or non-inverted, depending on the states
of switches 206-211. Actiirating switches 206, 208 and 210
causes signals A, B and D to be driven by drivers 212-214 to
gates 201-204 in a non-inverted fashion. Activating switches
207, 209, and 211 causes the input signals A,Band Dtobe
inverted by inverters 215-217 before being passed to gates
201-204. The six switches 212-217 can individually be |
turned on ﬁnd off as programmed by the user.

Note that the XOR gate 201, NAND gate 202, and NOR
gate 203 can also be used to perform XNOR, AND and OR by
propagating the output signal to the next stage, whereby the
signal can be 'ihverted as discussed above.

Three switches 219-221 are resi:;ectively coupled to the

- outputs of the three gates 201-203. Again, fhese switches are
programmable by the user. Thereby, the user can specify
which of the outputs from the gates 201-203 is to be sent to
driver 224 as the output X from cell 200.

The aforementioned switches 206-211, 218-221 are
comprised of bi-directional, program-controlled passgates.
Depending on the state of the control signal, the switches are
either conduéting (i.e. passes a signal on the line) or non-

conducting (i.e. does not pass the signal on the line). Switches
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- mentioned in the following sections are similarly comprised of
program-controlled passgates.
~ Referring now to Figure BA, a logical cluster 107 is' '
shown. In the currently preferred embod_ime_nt, logical cluster
107 is comprised of four cells 301-304 and a D flip-flop 305,
twenty five switches 306-330, and five -iritraconnéction .ﬁnes
331-335. The Intraconnection lines 331-335 and switches
306-330 form the I-Manix_. I-Matrix provide connectability
of thé output, X, of each.of the four cells 301-304, and the
output X of the D flip-flop 305 to at least one input of each of
the othér three cells and the D flip-flop. For example, the o
output X of cell 301 can be connected to input A of cell 302 by
enabling switches 306 and 307. Likewise, the output X of cell
301 can be connected to input B of cell 303 by enabling |
switches 306 and 310. Output X of cell 301 caﬁ be éonnec'te’d :
to input A of cell 304 by enabling switches 306 and 308.
Output X of cell 301 can be connected to input D of the D flip--
flop cell 305 by enabling switches 306 and 309.
Similarly, the output X from cell 302 can be connected to
| input A of cell 301 by enabling switches 311 and 312. The
| output X from cell 302 can be connected to input A of cell 303
by enabling switches 311 and 315. The butput X fr_bm cell 302
can 5e connected to input B of cell 304 by enabling switches
311 and 313. Output X of cell 302 can be connected to input D
of the D flip-flop cell 305 by enabling switches 311 and 314.
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Similarly, the output X from cell 303 can be connected to
input B of cell 301 by enabling switches 326 and 327. The
output X from cell 303 can be connected to input A of cell 302
by enabling switches 326 and 328. The output X from cell 303
can be connected to input B of cell 304 by enabling switches
326 and 329. Output X of cell 303 can be cOﬁnected to input D
of the D flip-flop cell 305 by enabling switches 326 and 330.

For cell 304, the output X from cell 304 can be connected
to input B of cell 301 by enabling swifches 316 and 317. The
output X from cell 304 can be connected to input B of cell 302
by enabling switches 316 and 318. The output X from cell 304
can be connected to iﬁput A of cell 303 by enabling switches
316 and 319. Output X of cell 304 can be programmably
connected to input D of the D flip-flop cell 305 by enabling
switch 218 in Figure 2A. |

With réspect to cell 305, its output is connectable to the

A input of cell 301 by enabling switches 320 and 321; the B
input of cell 302 by enabling sWitches 320 and 322; the B
input of cell 303 by enabling switches 320 and 325; the A
input .of cell 304 by enabling switches 320 and 323; and the D
input of cell 305 itself by enabling switches 320 and 324.

It can be seen that each output of the cells 301-304 and
of the D flip-flop 305 is connectable to the input of each of its

neighboring cells and/or flip-flop inside the cluster.
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In the currently preferred embodimeﬁt. of the presént
invention, each logical .cluster is connectable to all the other
logical clusters inside each logical block through passgate
switches extending the I-Matrix from neighboring clusters
inside each logical block. Figure 3B illustrates the extension of
I-Mauix.intraconnection lineé 331'-335 of the cells 301-304 |
and the D flip-flop 305 of a lo_gic_:a.l cluster 107 to a neighboring
logical cluster 107 through the passgate switches 336-355
within the same logical bloc;k. .

In the currently preferred embodiment of the present
invention, each logical block is connectable to all the other
logical blocks of t_hé._FPGA. This is accompiished by
implementing an architecture with multiple layers of
intercohnections_. It is important to note that this multiple
layers routing architecture is a conceptual hierarchy, not a
process or technology hierarchy and is hence readil'y
implementable. with tod_ay's' silicon process technology. The
bottom most layer of interconnections is referred to as the .
"block connectors;'. A Set of block connectors provides the
access and interconnections of signals within an associated
logical block (which is consisted of four logical clusters or 16
cells). Thereby, different sets of logical clusters within the
same logical block are connectable to any of the other logical
clusters within that group through the use of exiended I-

Matrix and/or block connectors. Again, programmable bi-
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directional passgates are used as switches to provide routing
flexibility to the user. | |

~ The next level of connections is referred to as the "level
1 Multiple Level Architecture (MLA)" routing network. The
level 1 MLA routing network provides the interconnections
between several sets of block connectors. Programmable
passgates sWitches are used to provide users with the
capability of selecting which of the block connectors are to be
connected. Consequently, a first logical block from one set of
logical block groups is connectable to a second logical block
belongihg to the same group. The appropriate switches are
enabled to connect the block connector'sl of the first logical
block to the routing lines of the level 1 MLA routing network.
The aﬁpropriat'e switches of the level 1 MLA routing network
are enabled to provide the connections to the block connectors
of the second logical block to the routing lines of the level 1
MLA routing network. The appropriate switches are enabled
to connect the routing lines of the level 1 ML A routing
network that connected to the block connectors of the first and
the second logical blocks. Furthermore, the user has the
additional flexibility of programming the various switches
within any given logical block to effect the desifed |
intraconnections between each of the cells of any logical block.

- The next level of connections is referred to as the "level

2 Multiple Level Architecture (MLA)" routing network. The
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level 2 MLA ﬁrqvides the interconn_ec;ibns_ to the various level
1 MLA to effect access and connections of a block cluster.
Again, bi-directional passgate switches are programmed by
the user to effect the desired connections. By implementing
level 2 MLA routmg network, p_rogrammablé interconnections
between even larger numbers of logical blocks is achieved.

Additional levels of MLA routing networks can be
implemented to provide programmable interconnections for
ever increasing numbers and groups of logical blocks, block
clusters, block sectors, etc. Basically, the present invention
takes a three dimensional approach for implé_,mcnting routing.
Sign_als are routed amongst the intraconnections of a logical
block. These signals can then be accessed through block
connectors and routed according to the progra:hmed
connections of the block connectors. If needed, signals are
"elevated” to the level 1 MLA, routed through the levél 1 MLA
rouﬁng network, “de—elevated" to the appropriate block
connecto'rs, and then passed to the destination logical block.

If level 2 MLA routing netWork is required, some of the
signals are elevated a second time from a level 1 MLA routing
network line or directly to the level 2 MLA routing network,

- routed to a different set of level 2 MLA routing network line,
and "de-elevated" from the level 2 MLA routing network line
toalevel 1 MI;A_routing_ network line. Thereupon, the signals

are "de-elevated” a second time to pass the signal from the
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level 1 MLA tc; the appropriate block connectors of the
destination logical block. Alternatively, the "elevation” can be
achieved directly without passiﬂg through the level IMLA
routing network. This same approach is performed for level 3,
4, 5, etc. MLAs on an as needed basis, depending on the size
and density of the FPGA. Partial level n MLA can be
implemented using the above discussed method to implement
a FPGA with a given cell array count.

- Figure 4A shows an example of .a ldgical cluster and the -
associated vertical block connectors within the lbgical block.
In the currently preferred embodiment, each cell in a logical
cluster is accessible from the input by two verticél block
connectors and each outpﬁt of the cell in a logical cluster is
accessible to two of the vertical block connectors. For
example, input A of cell 301 is accessible to the vertical block
connectors 451 (BC-V11) and 453 (BC-V21) through switches
467, 462 respectively, input B of cell 301 is accessible to the
vertical block connectors 452 (BC-V12) and 454 (BC-V22)

~ through switches 466, 468 respectively, output X of cell 301 is
accessible to the vertical block connectors 455 (BC-V31) and
458 (BC-V42) through switches 460, 439 respectively. Input
A of cell 302 is accessible to the vertical block connectors 453
| (BC-V21) and 455 (BC-V31) through switches 463, 464
respectively, input B of cell 302 is accessible to the vertical

block conniectors 454 (BC-V22) and 456 (BC-V32) through
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switches 469, 470 rq_sp_ectively? output X of cell 302 is
accessible to the Yérticztl blot:_k connectors 452 (BC-V12) and
457 (BC-V41) through _st;vi_tt:he_s 461, 465 =r<_=_,s_p_¢=;'ctive1y. Input
A of cell 303 is accessible to the vertical block connectors 451
(BC-V1 1) and 453 (BC-V21) through switches 485, 476
respectively, mput B of cell 303 is accessible to the verttcal
block connectors 452 (BC-V12) and 454 (BC-V22) through
switches 480, 476 respectlvely, output X of cell 303is -
accessible to the vertlcal block connectors 455 (BC-V31) and
458 (BC-V42) through switches 472 471 respectlvely The
input A of cell 304 is acces51ble_to the vertical block _
connectors 453 (BC-V21) and 455 (BC-_VS]) through switches
477,478 respgcti\tel_y, _inptlt B of cell 304 is accessible to the
vertical block connectors 454 (BC-VZZ) and 456 (BC-V32)
through switchgé 482, 484 respectively, output X of cell 304 is
accessible to the ve_:rtica_l block connectors 452 (BC-V12) and
457 (BC-V41) through switches 475, 474 respectively. D flip-
flop cell 305 input is ac.c_essi.ble' to the vertical block conrtectdrs
454 (BC-V22) and 455 (BC-V31) throtlgh switches 473, 479
respectively, output X of cell. 305 is accessible to the vertical
block connectors 452 (BC-VIZ) and 457 (BC-V41) through
, switches 483, 486.res.pectiv¢ly,.

In sir_nilatr__ fashion, Figure 4B shows the possible

connections corre__spor_tt_lin_g__to horizontal block connectors and

the logical cluster shown in Figure 4A. Input A of cell 301 is
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accessible to the horizontal block connectors 402 (BC-H12) and
404 (BC-H22) through switches 409, 413 respectively, input B
of cell .30'1 is accessible to the horizontal block conniectors 401
(BC-H11) and 403 (BC-H21) through switches 415, 416
respectively, output X of cell 301 is accessible to the hoﬁzontal
block connectors 405 (BC-H31) and 408 (BC-H42) thrdugh
switches 421,428 respecﬁvely. Input A of cell 302 is
accessible to the horizontal block connectors 402 (BC;H12) and
404 (BC-H22) through switches 41 1, 414 respectively, input B
of cell 302 is acceséible to thé horizontal block connectors 401
(BC-H11) and 403 (BC-H21) throngh switches 433, 417
respec;,tively, output X of cell 302 is accessible to the horizontal
blqck connectors 405 (BC-H31) and 408 (BC-H42) through
switches 418, 424 respectively. Input A of cell 303 is
accessible to the Horizontal block connectors 404 (BC-H22) and
406 (BC-H32) through switéh_eé 419, 426 respectively, input B
of cell 303 is accessible to the hoﬁzoﬁtai block connectors 403
(BC-H21) and 405 (BC-H31) through switches 420, 425
respectively, output X of ée'ﬂ 303 is accessible to the horizontal
block connectors 402 (BC-H12) and 407 (BC-H41) through
switches 410 427 respeqﬁ?ély. The input A of cell 304 i§
accessible to the horizdntall block conneéiors 404 (BC-H22) and
406 (BC-H32) through switches 422,430 respectively, i.nput B
of cell 304 is accessible to the horizontal block connectdrs 403

(BC-H21) and 405 (BC-H31) through switches 423, 429
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respectively, output X of cell 304 is accessxble to the horizontal
block connectors 402 (BC-H 12) and 407 (BC-H41) through. |
switches 412 434 respectlvely D flip-flop cell 305 input is
accessrble to the honzontal block connectors 403 (BC-H21) and
406 (BC-H32) through sw1tches 436 431 respeetrvely, output
X of cell 305 is accessrble to the honzontal block connectors
401 (BC-H11) and 408 (BC-H42) through switches 432,435
respectively. o | o | '
Figures 4A and 4B illusn'ate the verticel and horizontal

block connectors accessing_ me_thod to the upper left (NW)
logical cluster inside a logical block in the currently preferred
embodiment. The lower left (SW) cluster has the identical
accessing metho_cl to the vertica_l blocl; conn_ectors as those of
the NW cluster._ The upper right (NE) cluster has similar |
accessing metho'd. to tlrose Iof the NW cluster with respect to
the vertical block connectors except the sequence of vertical

" block connector access is shifted The vertical block
connectors 451-458 can be v1ewe_d as chamed together asa
cylinder (451, 452, ..., 458). Any shift, say by 4, forms a new
Sequence: (455, 456, 457, 458, 451, 452, 453, 454). _In_ste_ad. of
starting with vertical block connecto_rs_ 451 and 453 accessing

: by cell 301 in the NW cluster as illustrated in Figures 4A, the
cell 301 in the NE cluster is ac_cessible to VBCs 455 and 457.
The numbering 1s "shifted" by four. The access labeling of the |
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lower right (SE) cluster to thé VBCG:s is identical to those of NE
cluster.

Similarly, the horizontal block connectors .acce_ss to the
NW cluster is identical to those of the NE cluster and the SW
cluster is identical to the SE cluster while the horizontal block
connectors access to the SW cluster is shifted by four |
compared with those of NW cluster. _

In the currently preferred embddim_e_nt, sixteen block
connectors are used per logical biock (i.e. four .clusters, ora
4x4 cell array). Adding a level 1 MLA routing network allows -
for the connéc_:tabil_ity fqr a block cluster (an 8x8 celllarray).
Adding level 2 MLA rouiing network increases the
connectability to a block sector (16x16 cell array). Additional
levels of MLA rouﬁng network increases the number of block
sectors by factors of four while the length (or reach) of each
line in the MLA routing network incr_easés by factors of two.
The number of routing lines in the level 2 MLA is increased by
a factor of two; since the number of block sectors incr_éased by
a factor of four, on a per unit area basis, the number of routing
lines in the next level of hierarchy actually decreases by a
factor of two. | |

Figure 5A shows a loéical block with associated sixteen
block.c_onnecto_rs and level 1 MLA routing linés associated with
the logical block. The sixteen block connectors 501-516 are

dépicted by heavy lines whereas the sixteen level 1 MLA
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routing network lines 517-532 are depicted by lighter lines.
. Note that the .leng‘_th'or span of the block :connéctors
terminates within the lbgical block while the length of the
level 1 MLA routing network lines extends to neighboring
logical blocks (twice the length of the block COnnectbrs).

Both block connectors and level l MLA rbuting Inetwdrk'
lines are Subdivided into'ﬁorizontal and vertical groupé:
vertical block connectors 501-508, hoﬁzontal block connectors
509-516, vertical level 1 MLA rcéuti'ng' network lines 51 7-524,
and horizonta_l"l-evel 1 MLA r.outing.netwak 1i_nes 525-532.

In the currently preferred embodiment, there are
twenty four level 1 MLA turn points for the sixteen level 1
MLA routing network lines within the 'logibal block. In Figure
5A, the twéhty four turn pdiﬂts are depicted as clear dots
541-564. . | -

A MLA turn pb_int is a programinéble bi-diréc.tional' ﬁassgaté -
for prdviding C6nnectability between a horizontal MLA routing .
network line and a vertical MLA routing hetwak line. For
example, enabling l_evel 1 MLA turn point 541 causes the

" horizontal level 1 MLA routing network line 526 aﬂd vertical
level 1 MLA routing xietwdrk line 520 to becc_)nie c':onnectedl
together. Figure 5B shows level 1 MLA turn point 541. SWitch
583 controls whether l:e've'l 1 MLA i'outing network 'line. 526 is
to be c’onnecteci to level 1 MLA_ routing .networl{.. line 520. If

switch is enabled, then level 1 MLA routing network line 526
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is connected to level 1 MLA routing network line 520.
Otherwise, line 526 is not connected to line 520. Switch 583 is
programmable by the user. The turn points are placed as
pair-wise groups with the objective of providing switching
access connecting two or more block connectors first through
the block connector to level 1 MLA exchange networks and
then connecting selected level 1 MLA routing lines by enabling
the switches. The level 1 MLA lines are used to connect those |
block connectors that reside in separate logical blocks within
the same block cluster. |
Referring back to Figure 5A, there are eight block
connector to level 1 MLA exchange networks 533-540 for each
logical block. These exchange netWo:ks operate to connect
certain block connectors to level 1 MLA lines as programmed
by the user. Figure 5C shows the exchange network 537 in
greater detail. The block connector to level 1 MLA routing
exchange nétwork has eight drivers 575-582. These eight
drivers 575-582 are used to provide bi-directional drive for
 the block connectors 501, 502 and level 1 MLA lines 517, 518.
For example, enabling switch 565 causes the signal on block
connectof 501 to be driven by driver 575 from the level 1
MLA line 517. Enabling switch 566 causes the signal on level
1 MLA line 517 to be driven by driver 576 from the block
connector 501. Enabling switch 567 causes the signal on

block connector 501 to be driven by driver 577 from the level
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1 MLA line 518. Enabling switch 568 causes the signal on
level 1 MLA line 518 to be driven by driver 578 from the
block connector 501. | |
- Similarly, enabling switch 569 causes the signal on block
connector 502 to be driven by driver 579 from the level 1
MLA line 517. Enabling switch 570 causes the signal on level
1 MLA line 517 to be driven by driver 580 from the block
connector 502. Enabling switch 571 causes the signal on
- block _co_nnecfor 502 to be dﬁven by driver 581 from the level
1 MLA line 518. Enabling switch 572 causes the signalon
level 1 MLA 1i_ne-518-_' to be driven by driver 582 from the |
block connector 502. Switch 573 is used to control whether a
signal should pass form one b]ockcomiector-_SOl to the
adjacent block connector 584 belonging to the adjacent logical
~ block.
Likewise, switch 574 is used to control whether a signal
should pass form one block connector 502 to the adjacent
block connector 585 belonging to the adjacent logical block. -
Figure 6 shows the routing network for a block cluster.
The block cluster is basically comprised of four logical blocks -
which can be interconnected by the level 1 MLA exchange
networks 533-540. It can be seen thai there are thirty-two
level 1 MLA routing network lines.
Figure 7A shows the block diagram for a block sector.

The block sector is comprised of four block clusters 701-704.
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* As discussed above, the block élusters are intercbnﬁected by

“block connectors and level 1 MLA routing network lines. In
addition, the block sector is also comprised of sixty-four level
2MLA rduting network lines and sixty-féur level 2 to level 1
exchange networks to provide connectability between level 1
MLA routing network and level 2 MLA routing network. The
level 1 to level 2 MLA routing exchange networks are depicted
by rectangles in Figure 7A. Furthermore, thefe are forty-eight
level 2 MLA turn points aséociated with each of the four
logical blocks within the block sector. Consequently, there aré
one hundred and ninety-two level 2 MLA turn points for the
block sector. | | |

Figure 7B shows a sample level I to level 2 MLA routing

exchange network 705. _It can be seen that switch 710 is used
to control whether a signal should pass between level 1 MLA
line 709 and level 2 MLA line 708. Switch 711 is used to
control whether a signal should pass betweén Jevel 1 MLA line
709 and level 2 MLA line 707. Switch 712 is used to control
whether a signal should pass betWeen level 1 MLA line 706
and level 2 MLA line 708. Switch 713 is used to control
whether a signal should pass betweéh 1éve1 1 MLA line 7(56
and level 2 MLA line 707. Switch 714 is used to control |
whether a sigﬁal should pass form one level 1 MLA lihe 709t0
the adjaéent level 1 MLA line 716 belonging to the adjacent

' block cluster. Likewise, switch 715 is used to control whéther
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a signal should pass. form one level 1 MLA line 706 to the
adjacent level 1 MLA lme 715 belongmg to the adjacent block
cluster. _ - | | |

Figure 8A .shows'a sector clu_ster. The sector cluster is
comprised of four block sectors 801-804 with their associated
block connectors, level 1, and level 2 MLA routmg network |
lines and exchange networks In addltlon, there areone
hundred and twenty-elght level 3 MLA rouung network lines,
providing connectabilit); bet'weer_t the '1evel 2 MLA lines that |
belong to different block sectors 8_01'-8.'04 within the same
sector cluster 800. _Th_ere are ninety-si)t level 3 MLA turn
points associated with the level 3 MLA lines for each of the
block sector 801-804 (i.e. three hundred and elghty-four total
level 3 MLA turn pomts for the sector cluster) Furthermore
there are tturty-_two_ Jevel 2 to level 3 MLA routing exchenge _
networks associated with each of the four block sector 801-
804. Hence, there are total of one hundred and twenty-eight
level 3 MLA routing ek:change'_network for providing
prog'ramrnable connectdbility between the various levei 2 and
level 3 MLA lines. -

Figure 8B shows an example of a level 2 to level 3 MLA |
routing exchange network 805. Itcan be. Seen that enabling
switch 810 causes a signal on the level 2 MLA line 808 tobe
connected to th_e leuell 3 MLA line 806. Disabling switch 810
disconnects the leyel 2 MLA line 808 from the ievel 3 MLA
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line 806. Enaﬁling switch 811 causes a signal on the level 2
MLA line 808 to be connected to the level 3 MLA line 807.
Disabling switch 811 disconnects the level 2 MLA line 808
from the level 3 MLA line 807. Likewise, enabling switch 812
causes a signal on the level 2 MLA line 809 to be connected to
the level 3 MLA line 806. Disabling switch 812 disconnects
the level 2 MLA line 809 from the level 3 MLA line 806.
Enabling switch 813 causes a signal on the level 2 MLA line
809 to be connected to the level 3 MLA line 807. Disabling
s_Witch 813 disconnects the level 2 MLA line 809 from the

~ level 3 MLA line 807. |

In the present invention, larger and more powerful
FPGAs can be achieved by adding additional logic sectbr
clusters which are connected by additional levels of MLA
routing networks with the corresponding MLA fum points and
exchange networks. _

In one embodiment of the present invention, each of the
five I-Matrix lines (331-335, Figure 3A) can be extended to
provide connectability between two adjacent I-Matrix lines
belonging to two different clusters. The passgate switches
336-340, 341-345, 346-350, and 351-355 in Figure 3B are
éxan_lples of four different sets of I-Matrix line extension
switches. This provides further flexibility by providing the

capability of routing a signal between two adjacent clusters
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without having to be routed through the use of block
connectors. .

Similarly, block connectors can be extended to provide
connectability bet_ween two adjacent block éonné_ctors :
belonging to two different logical blocks. Switch 573 of Figure
5C illustrates such block connector extension connecting block:
connector 501 to block c_onncctér 584 through switch 573. -
This provides further ﬂéxibility- by providing the capability of
routing a signal between two adjacent logical blocks without
having to be routed ihrou_gh the level 1 MLA lines and
associated MLA e_xchange networks. This concept can be
similarly applied to the level 1 MLA lines as well. Switch 714
of Figure 7B shows an example where level 1 MLA line 709 is
extended to connect to level 1 MLA line 716 by enabling.
switch 714. This provides further flexibility by providing the
capabil.ity of roﬁting a signal between two adjacent blockl '
clusters without having to be routed through the level 2 MLA
lines and associated MLA exchange networks. :

Figure 9 shows one embodiment of a hierarchical
multiple level routing network for providing routability
between the logical blocks and the MLA levels. Eight logical
blocks 901-908 are shown. Associated with each of the logical
blocks 901-908 ?_re a plurality of block conncctor§. In the
currently preferred embodiment, there are eight horizontal

and eight vertical block connectors associated with each of the
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logical biock_s 901-908. For clarity and ease of cemprehension,
the block connectors corresponding to an individual logical
block is represented by a single line (e.g., block connectors
909-916 respectively correspond to logical blocks 901 -908)
and onl'y the horizontal block connectors are shown.

In turn, each of the block connectors 909-916 are
respectively coupled to programmable bi-directional drivers
917-924. Consequently, block connectors 909 916 can be
programmed to be coupled bx-dxrectlonally to the MLA-1 lines
025-928. For example, exchange network 917 can be
programmed to couple one of the block connectors 909 of
logical block 901 to the MLA-1 line 925. Additional
programmable bi-directional drivers 929-932 are used to
provide interconnections between the MLA-1 lihes 925-928
and the next MLA level, MLA-2 lines.933-934. Programmable
bi-directional drivers 935-936 selectively provide
interconnections between the MLA-2 lines 933-934 and the
MLA-3 line 937 This hierarehicaI interconnection scheme can

~be repeated for addluonal multlple MLA levels.

Flgure 10 shows another embodiment of a hlerarchxcal
muluple level routing network for providing routability
between the logical blocks and the MLA levels_. This
embodiment is similar to the reuting netWork shown in Figure
9, except thet the block conﬂeetefs can be directly'connected

to any of the MLA levels and bypassing any intervening MLA
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level. Eight logical blocks 1001-1008 are shown. Assoc1ated
with each logical block are a plurality of block connectors
1009-1016. Programmable bi-directional drivers 101_7_-1024'
are used to seléctivel_y 'oouple the blook conr_teotors 1009-1016 |
to the block connector tabs 1025-1032. The block connector
tabs 1625-1032 are u.sed as juhction points from which

connections can be made to 'multiple MLA layers.

| Programmable b1-d1recuonal driver sets (1033-1035), (1036-

1038), (1039-1041), (1042-1044), (1045 1047), (1048-1050),
(1051-1053), (1054—_1056), correspond to block connector tabs
1025-1032, respectively. Each of these driver sets enables
their respective logical block to be connected to .either the
MLA-1 line 1061, MLA-2 line 1062, or MLA-3 line 1063
without requmng it to pass through any 1ntervemng MLA
lines. For example, loglcal block 1001 can be connected to the

MLA-1 line 1061 by selectively activating drivers 1017_ and

" 1033. Logical block 1001 can also be connecte_d to the MLA-2

line 1062 by selectively activating drivers 1017 ahd 1034.
Note that in this embodiment, 'logical block 1001 can he |
connected to the MLA-2 hne 1062 without ha&ing to ﬁrst be
connected to the MLA-1 line 1061. Furthermore, logical block

" 1001 can be connected to the MLA-3 line 1063 by selectively

activating drivers 1017 and 1035. Note thatin this
embodiment, logical block 1001 need not be connected to

either the MLA-1 nor the MLA-2 layers in order for it to be |

PCT/US95/04639
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connected to the MLA-3 layer. By directly connecting the _
logical block to the desired MLA layer, the speed of the overall
routing network is improved. Furthermore, speed- and routing
flexibility can be enhanced by directly connecting two or more
adjacent logical blocks. Thereby, adjacent logical blocks can
communicate withoﬁt having to be routed over any of the
- MLA layers. For examble, logical blocks 1001 and 1002 can be
connected together via the programmable bi-directional driver
- 1057; logical blocks 1003 and 1004 can be connected via
driver 1058; and logical blocks 1005-1007 can be connected
via drivers 1059-1060. This hierarchical routing scheme can
readily be any number of logical blocks and MLA layers. In
addition, a passgate 1064 can be included fo éouple block
‘connector 10.10 corresponding to logic biock 1002 to block
connector 1011 corresponding to logic block 1003.
Figure 11 shows a block diagram bf one embodiment of
~ the hierarchical routing network whefein two groups of block
connectors access the same MLA lines. A first group of logical
blocks 1101-1104 and a second group of logical bl_ocks 1105-
1108 are shown. The first group of ldgical blocks 1101;l 104
can be selectively connected to the MLA-1 layer 1'109 and
1121, MLA-2 layer 1110, MLA-3 layer 1111, and MLA Tab.
1112 via block connector tabs 1113-1116. Similarly, the
~ second gfoup of logical blocks 1105-1108 can be selectively |
connected to.the MLA-1 layer 1109 and 1121, MLA-2 layer
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1110, MLA-3 layer 1111, and MLA Tab 1112 via their
respectrve block connector tabs 1117- 1120

Frgure 12 shows a block dlagram of part of the mult1ple
level routing network which encompasses Block Connectors to
the MLA-3 Level with MLA Tabs for higher levels of routing
network (the I-Matrix is not_ Shown). Figure 12 .shows the
interconnections of one set of Block Connectors and' 1ts

| corresponding hlgher levels of MLAs in the honzontal ' |
direction. There is also a correspondrng perpendrcular (e g.,
vertical) group of _routmg network mterconnectmg the Block
Connectors and the nssociated MLAs This perpendicular
group is not shown in Flgure 12in order to avoid obscuring
the present invention. Note that there isa correspondmg copy
of the routing network for each and every Block Connector and
 associated MLAS of the FPGA |

Shown in Figure 12 are thirty-two blocks 1201-1232.
Each block is associated with a distinct and adjacent-block
along with two BC tabs (e g., one honzontal and one vertlcal)
Each of the Block Connectors 1201-1232 are coupled to two
selectable BC Tabs via a programmable switch. For example,
block connector 1201 is coupled to selectable BC Tab 1233
through programrnaole' switch 1234. The second group of BC
Tabs, which is perpendicular (e.g., vertical) to the first BC Tab
group is not 'shouvn. A similar BC Tab interconnection .scheme

exists for block connectors 1217-1232 (both horizontally and
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vertically). For each BC Tab, there are bi-directional
progr,ammablg drivers c'oﬂnectable to the MLA-] routing lines.
For example, BC Tab 1233 is selectivelylconnectable to the
MLA-1 routing line 1235 via drivers 1236._ These drivers cén
either Be parallel to or perpendicular to the correspdnding BC

Tabs.. In the cufrently preferred embodiinent, the number of
MLA-1 lines is half the number of Block Connectors, since for
each Block Connector, there is a corresponding MLA-1 line
plus another MLA-1 line which is perpendicular to the' ﬁrst
MLA-1 line. Each MLA-1 line is connectable through
programmable means to the corre.sponding.Block Connector,
MLA-2, and MLA-3 lines through their corresponding BC Tab. | _ |
Note that the MLA-1 routing network together with I-Matrix
lines and Block Connectors form the routing resources in a 2 x |
2 Block area. This format enhances more complex logic |
function formation accessing and interconnecting the cellS.
Furthermore, the MLA-1 routing network, in addition to boih
I-Matrix lines and Block Cohnectors, become additional bi-
directionally programmable access lines that can serve as
access ports for the implementation of even more complex
logic functions through connectidhs by other MLA linés or
Block Connectors from ouisidé of the 2 x 2 Block area. By

| using programmable switches, the I-Matrix lines and block
connectors can .be selectively accessed which are not

necessarily adjacent or congruent to the 2 x 2 Block areas.
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Hence, the total number of ronting segmente including I-
Matrix lines, Block connectors, and MLA-1 lines grow N
geometncally when the growth is from a Block to2x2 Blocks
. For each BC Tab there is bl-dxrectlonally programmable

drivers connectable to the MLA-2 routing lines. For example
block connector tab 1233 is connectable to the MLA-2 line
1237 via dnvers 1238. The MLA-2 can either be parallel to or
perpendlcular to the correspondxng BC Tabs. In the currently
preferred embodrment the number of MLA—2 lines is half the

- number of MLA-] hnes Each MLA-2 line is connectable
through programmable means to the correspondrng Block
Connector, MLA-l and MLA 3 lines through the o
correspondmg BC Tab. The MLA 2 routing network together _
with I-Matrix hnes, Block Connectors and MLA-l routing
network form the routmg resources m a4x4 Block area for
more complex logic functlon formatlon accessmg and for
1nterconnectmg the cells. In this case, the MLA-2 routing
network, in conjunction with the I-Matrix lines, Block
Connectors and MLA-1 lines, become addmonal

- bi-directionally programmable access hnes that can serve as

access ports for the nnplementatlon of even more complex |
logic functions through connections with other MLA lines or
Block connectors from outside of the 4x4 Block area. By |
means of prograr_nmable switches, the access need not

necessarily be adjacent_or congruent to the 4 x 4 Block area.
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The total number of routing segments including I-Matrix lines,
Block Connectors, MLA-1 lines, and MLA-Z linesina4x 4
Block unit grows proportional to the increase in logic cells.
The increase in the total number is geometrical when the
growth is from a Block to 4 x 4 Blocks. Similarly, for each BC
Tab, there is bl-dlrecuonally programmable drivers
connectable to MLA-3 routing lines. For example, BC Tab 1233
is connectable to the MLA-3 line 1239 via drivers 1240. The '
MLA-3 routing line can either be parallel to or perpendicular
(e.g., horizontal or vertical) to the corresponding BC Tabs. In
the currently prefefred enibodiment, the number of MLA-3
lines is half the number of MLA-2 lines. Each MLA-3 line is
connectable through programmable means to the |
corresponding Block Connector, MLA-1, and MLA-2 lines
through the corresponding BC Tab. The MLA-3 routing
network together with I-Matrix lines, Block Connectors; MLA-
1 routing network and MLA-2 routing network form the
routing resources ina 8 x 8 Block area for more c'omplex' logic
function formation accessing and interconnecting the cells.

The MLA-3 routing network, in addition to both I-Matrix lines,
Block Connectors, MLA-1 lines and MLA-2 lines, become
additional bi-directionally programrhable access lines that can
serve as access ports for the implementation of even more
complex logic functions through connections by other MLA

lines or Block Connectors that are outside _of the 8 x 8 Block
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area and are not necessarily adjacent or congruent to the 8 x 8
Block area thrbuéh prograr_nmabl_e means. Hence;_the total
number of rout;in._g S¢gment_includin_g I-Matrix l_iﬁés, Block
Connectors, MLA-I_ lines, MLA-2__ lines and MLA-3 lines in an 8
x 8 Block unit grows prbppftib_xial to the increase in logic cells.
Thi§ increase is gédmeniéal when the growth is from a Block
to 8 x 8 Blocks. _IIn'additio.n,_ for each BC Tab, there is bi-
directionally pro_grammable drivers éonnectgble to MLA Tabs.
For example, BC Tab 1233 is connectable to the MLA Tab 1241
via drivers 1242. The MLA Tabs can either be parallel to or
perpendicular to the ;:orrespondi_ng BC Tabs. Each bi-
directionally programmable' driver (e.g., driver's 1236, 1238,
1240, 1242, etc.) can be éither passgate controlled through
prbgrammable means; bi-directiénal drivers with_ passgates .
controlléd through_ programmable means; a tri-state controlled '
through p:ogrammabie means in one direction and passgate or
driVef with a passgate controlled through programmable
means; or two tri-states m oﬁposite diréctions contfolled
through prog_ljémmable means. The choice is a function of
speed énd density requirements. - |

In oné_ embodiment, each Block Connector and BC Tab
have extensions to the adjacent Blocks. For example, block
1201 is connegtable to block 1202 via programmable switch
1243. BC Tab 1244 is connectable to BC Tab 1245 via

programmable switch 1246. It should be noted that additional
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extensions for MLA lines can be irnpleinented in order to
extend the routing range without having to use higher level
MLA lines. Multiple variations to the routing network shown
in Figure 12 are possible. For example, to increase routing
resources and hence routability, the MLA-1 routing network
can be replaced by making two copies of the MLA-2 routing
network. On the other hand, if the objective is to minimize the
routing area, one embodiment minimizes the amount of
programming bits by replacing the MLA-1 routing network
with a copy of the MLA-2 routing network. These kinds of
variations can be applied to a mixture of other levels. Another
embodiment is to off-set one or more of the MLA lines. For
example, in Figure 12, the 1247 is accessible by BC Tabs 1245,
1248, 1249, and 1250. The MLA-1 line 1247 can be shifted

by one block to become accessible by BC Tabs 1248, 1251,
1250, and 1252 instead. All other MLA-1 lines can be thusly .
shifted. This can also be applied to other MLA level(s).

Figure 13 shows an MLA-1 turn network. Four logical
blocks 1301-1304 are shown. These four logical blocks are |
connected to each of the MLA-1 lines of sets 1305-1308. Each
of the MLA-1 lines is connectable through a programmable
means (e.g., turn points 1309) to all the perpendicular MLA-1'
lines, except the, corresponding perpendicular MLA-1 line. For
example, the horizontal MLA-1 line 1310 is connectable to the

vertical MLA-1 line 1311 via turn point 1312. The purpose
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for the MLA-1 lines is to connect a set of Block Connectors
together that is within the MLA-1 routing network range. In
the case of _connec_t_in-g.corresponding Block Connectors within a
four-qucks area, as shown in Figure 13, the connection(s) can
be made through either the Block Connector extension or
thi'ough a BC Tab to one of the corresponding MLA-1 line,
without having to resort to using two perpendicular MLA-2
lines through turn points. In one embodiment, the number of
turn points is reduced. This; restricts the turn flexibility but
also reduces both the loading on the MLA-1 lines and the area
| required to lay out the .design,. However, routing flexibility
and routability may be affected.
ngure 14 shows an MLA-2 turn network. As can be
seen, each MLA-2 line is connectable through programmable - -
~ means to every MLA-2 lines which are perpendiéular to the
MLA-2 line. For example, the vertical MLA-2 line 1401 is
connectéble tb the horizontal MLA-2 line | 1402 through turn
point 1403. In other embodiments, the turn flexibility can be
made more restrictive by reducing the number of turn points. -
This will reduce both the loadihg on the MLA-2 line and the
area required to lay out the design. However, routing
" flexibility and routability may be affected. .
Figure 15 shows an MLA-3 turn network. Each MLA-3
line is connectable through programmable means to all the

perpendicular MLLA-3 lines. For example, the vertical MLA-3
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line 1501 is connectable to the horizontal ML A-3 line 1502
through turn point 1503. The turn flexibility can be made
more restrictive by reducing the number of turn points. This
will reduce both the loading on the MLA-3 line and the area
required to lay out the design. However, routing flexibility
and routability may be affected.

Figuré 16 shows one embodiment of a routing network
for the MLA-4 layer and the mechanism whereby the MLA-4
lines are accessed. Figure 16 shows four 8 x 8 Blocks 1621-
1624 (for a total of 16 x 16 'Blocks). Associated with the four
8 x 8 Blocks 1621-1624 are fouf horizontal and four vertical
groups of MLA Tabs. In the currently preferred embodiment,
the MLA-4 lines and MLA Tabs are 8-bits wide. Since each |
Block has eight corresponding Block Connectors, each MLA Tab
is shown to be eight lines wide whefe each of the lines
corresponds to one of the 8 Block Connectors as shown earlier

| in Figufe' 12. In the currently pfeferred embodiment, there
are four vertical and four hoﬁzontal MLA-4 lines, each of
which is eight lines wide. Thus, the number of MLA-4 lines is
one-fourth the number of MLA-3 lines. Each MLAQ4 lineis
connectable through programmablé means to the
corresponding Block Connector, MLA-1, MLA-2 and MLA-3
lines. The désired connectivity is made through the
corresponding MLA Tab and the BC Tab. The MLA-4 routixig

network together with the I-Matrix lines, Block Connectors,
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MLA-1 routing network, MLA-2 routing netwo__rk and MLA-3
routing 'network, form the routing resources in a 16 x 16 Block
area for more compie;t logic functi_on formation accessing and
interconnecting of the cells. In one embodiment, the MLA-4
routing network, in adtliti_on to both I-Matrix :lines., Block
Connectors, MLA-1 lines, MLA-2 lines and MLA-3 lines
become additional bi-directionally programmable access lines
that can serve as acces_s ports for the irnplementation of even
more complex logic fnnctions through conne_ctions by other
MLA lines of Block Connectors from outside.of the 16x 16
Block area through programmable means. These other MLA
lines or block connectors need not necessanly be adjacent or
congruent to the 16 x 16 Block area. The total number of
routing segments mcludmg I-Matnx lines, Block connectors,
MLA-1 lines, MLA-2 lines, MLA 3 lines and MLA-4 lines in a
16 x 16 Block unit grows propomonal to the increase in logic

cells. The increase in size is geometrical when the growth is
from a Block to 16 x 16 Blocks. From each MLA Tab there is a
corresponding M_LA-4 line connectable to the MLA Tab viaa.
switch. For exemplc, MLA Tab 1601 is connectable to MLA-4
line 1602 via switich. 1603. ‘Similarly, MLA Tab 1601 is |

| connectable to MLA-4.line 1604 via switch 1605; MLA-4 line
1606 via switch-:1607;' and MLA-4 line 1608 via switc_h- 1609.
Likewise, MLA Tab 1610 is connectable to MLA-4 lines 1611-
1614 via switches 1615-1618, respectively. Each MLA Tab in
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any one of the fouf corners is connectable through
programmable means to all the cbrresponding MLA Tabs in all |
four corners through the vertical or the horizontal MLA-4 |
lines. o o

Figure .17 shows three different switch embodiments
1701-1703. In general, the switch is a bi-directionally -
programmable driver nefwork which can be a simple bi-

~ directional passgate, or any of the bi-directional driver

configurations 1701-1703. _ |

Figure 18 shows one embodiinent of a fouting network
for the MLA-5 layer and the mechanism whereby MLA-S5 lines
are accessed. Sixteen 8 x 8 Blocks are shown. Associated with
each of the 8 x 8 Blocks are four horizontal and four vertical
MLA Tabs, which are the same as the MLA TAbs shown in
.Figure 16. Whenthe 16 x 16 Blocks.(as shown in Figure 16)
are grouped as a unit, the next higher level, which consists of
32 x 32 Blocks, is formed. Associated with each of the four 16 -
x 16 corner units are four horizontal and four vertical MLA-5
lines, each 8-bit wide. These lines are shared by the adjacent
corner units, as shown in Figure 18. 'Thus, the number of
MLA-S5 lines is half the humbef of MLA-4 lines. Each MLA-5
line is connectable through programmable means to the
corresponding Block Cbnnector, MLA-1, MLA-2, MLA-3 and
MLA-4 lines through ihe corrésponding MLA Tab and the BC
Tab. The MLA-5 routing network together with I-Matrix lines,
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Block Connectors, MLA-1 routing network MLA-2 routing
_network MLA-3 routing network and MLA 4 routing network
form the routing resources 1n a 32x 32 Block area for more
complex logic function formation accessing and interconnecting
the cells. Furthermore, the MLA-5 routing network in
addition to both I-Matnx lines, Block Connectors, MLA-l lines,
MLA-2 lines, MLA-3 hnes and MLA-4 hnes can be used as
additional bi-directionally programmable access hnes that can
serve as access ports for the nnplementation of even more
complex loglc functions through connections by other MLA
lines or Block Connectors from outsrde of the 32 x 32 Block
area (which need not necessarily be ad_;acent or congruent to

- the32x32 Block area) through programmable means. The
total number of routing segments 1ncludmg I-Matrix lines,
Block Connectors, MLA-1 lines, MLA-2 lines, MLA-3 lines,
MLA-4 lines and MLA-5 lines in a 32 x 32 Block unit grows
proportional to the increase in logic cells. This increase 1s -
geometrical when the growth is from a Block to 32 x 32 Blocks

From each MLA Tab there is a corresponding MLA-S line

connectable to the MLA Tab viaa switch. The SWitch is a bi-
directionally program'mable. driVer network which canbea |
simnle bi-directional passgate,.'or any of the bi-directional
driver configurations as shown ‘in Figure 17. In addition, turn
points are incorborated where the vertical MLA-S lines

intersect the horizontal MLA-5 lines through programmab_le
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means. Each MLA Tab in any one of the four corners is
connectable through programmable means to all the
corresponding MLA Tabs in .all fouf corners. This.is
implemented by a combination of programmable connections
to the vertical and the horizontal MLA-5 lines plus use of the
turn points. _ |

Higher levels of MLA networks can be developed by
programmable access through the MLA Tabs or by introducing
another new intermediate MLA Tabs. In such instances, the
number of MLA lines is a fraction of the next lower level
MLAs. The total number of routing segments including I-
Matrix lines, Block Connectors, MLA-1 lines, MLA-2 lines,
MLA-3 lines, MLA-4 lines, MLA-5 lines and higher levels of
MLA lines, and the corresponding number of n X n Block unit
grows proportional to the increase in logic cells. This increase
is geometrical When the growth is from a Block tothenx n

Blocks.

Thus, an architecture with an intraconnect and
interconnect scheme for programmable logic circuits is

disclosed.
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CLAIMS |
What is claimed is: | |
1. A programmable logic circuit comprising: .

a plurality of logic blocks héving a plurality of
programmable interconnected cells for performmg log1c
functions on logic signals; |

a first set of programmable switches coupled to said
plurality of cells of said plurality of logic blocl_cs; E

a first set of routing l_ines i:ouple,d to said f_lrst set of
programmable switches to form a first set of bi-directionally
programmable access lines to'_ said plurality 6f logic blocks,
wherein said ﬁrst. set of bi-directionally progfammable access
lines function as input/output pms for said plurahty of logic.
blocks through programmable means; |

a second set of programmable swnches ‘coupled to said
first set of bi-directionally programmable access lines;

a second set of iouting lines. coupled to said second set of

programmable switches.

2. The programmable logic circuit of Claini 1 further
comprising:- |
| a third set of programmable switches for selectively
coupling a plurality of lines of said second set of routing lines,
wherein said second set of routing lines and said third set of

\\\\\\\\\\\\\\\\\\\\\\ |
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programmable switches comprise a first level of
interconnections;
a third set of routing lines connectable to said second set

of programmable switches.

3. The programmable logic circuit of Claim 2 further
comprising: ' |

a fourth set of programmable switches for selectively
coupling a plurality of lines of said third set of rduting lines,
wherein said third set of routing lines and said fourth set of
programmable switches comprise a second level of
interconnections;

a fifth set of programmable switches connectable
between said third set of routing lines and said seéond set of
routing lines for selectively coupling said plurality of logic
blocks to said second level of interconnections via said first

level of interconnections.

4.  The programmable logic circuit of Claim 1 further
comprising:

a sixth set of 'p.ro'grammable switches for selectively
coupling a line of said ﬁrst set of bi-directionally
programmable access lines of a first logic block to a line of said
first set of bi-directionally programmable access lines of a

i
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second logic block, wherein first said logic block is adjacent to

said second logic block.

S. 'The'prog'raxlnmable logic _circ_uit of Cfa_ini 4 wherein
the number of lines of said first set of routing lines for each
logic block of said plurality of logic blocks is approximately
half the number of said plurality of cells of said logic block.

6. The prdgréiningbie logic circuit of Claim 2, wherein
the span of each of the said second set of routing lines is twice

the span of each of said first set of routing lines.

7. The programmable logic circuit of Claim 2, wherein
the number of said second set of routing lines is half the

number of said first set of routing lines.

8. The prog;émmable logic circuit of Claim, 3, wherein
the span of each of said third set of routing lines is twice the

span of each of said second set of routing lines.

9. The programmable log_ic circuit of Claim 3, wherein
the number of said third set of routing lines is half the

number of the said second set of routihg lines. R
//

i \\\‘“‘”"
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10.  The programmable logic circuit of | Claim 1 further
' comprising.: "

a fourth set of routing lines connectable to said second
set of programmable switches;

a seventh set of programmable switches for selectively
coupling a plurality of lines of said fourth set of routing lines,
wherein said fourth set of routing lines and said seventh set of
programmable switches comprise a third level of
interconnections;

an eighth set of programmable switches connectable
between said fourth set of routing lines an;i said third set of
routing lines for selective]'y coupling said plurality of logic.
blocks to said third level of interconnections via said second

level of interconnections or said first level of interconnections.

11.  The programmable logic circuit of Claim 10,
wherein the span of each of said fourth set of routing lines is -
twice the span of each of said third set of routing lines and the
number of said fourth set of routing lines is half the number

~of said third set of routing lines.

12.  The programmable logic circuit of Claim 10,
wherein said fourth set of routing lines and said seventh set of
programmablé switches comprise a third level of

interconnections.

Thls Sh -
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13. Thel programmable logic circuit of Claim 1 further
comprising: | |

a fifth set of' rc;uting lines, connectable tb said second set
of programmable switches for forming a fourth level of

interconnections..

14. The programmable logic circuit of Claim 13,
wherein the span of each of said fifth set of routing lines is

twice the span of __eéch of said third set of routing lines.

15. Thé'programmable logic circuit of Claim 13,
wherem the number of said fifth set of routing lmes is half of

the number of sa1d third set of routing lines.

16.  The programmable logic circuit of Claim 1 further
comprising: | '

a sixth sct”of. routing lines comprising a fifth level of
interconnecﬁonSﬁ | | |

a ninth set of programmable swité_hes connectable
bet\&een said sixth set of routing lines and said fifth set of
routing lines capable of conducting signal from said first set of

~ bi-directionally programmable acéess lines for._s_electively
coupling said pll;rality 6f logic blocks to said fifth level of
interconnections via said fourth level of interconnections and
-
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bypassing said first level of interconnections, said second level

of interconnections, and said third level of interconnections.

17. " The programmable logic circuit of Claim 16,
wherein the span of each of said sixth set of routing lines is

twice the span of each of said fourth set of routing lines.

18. - The programmable logic circuit of Claim 16,
wherein the number of said sixth set of routing lines is one

fourth the number of said fourth set of routing lines.

19. The programmable logic circuit of Claim 1 furthef
comprising: |

a seventh set of routing lines;

a tenth set of programmable switches coupled for
selectively connecting a plurality of lines of said seventh set of
routing lines, wherein said seventh set of routing lines and
said tenth set of prongable switches comprise a sixth level
of interconnections; |

an eleventh set of programmable switches connectable
between said seventh set of routing lines and said fifth set of

| routing lines capable of conducting signal from said first set of
bi-directionally programmable access lines for selectively
coupling said plurality of logic via said fourth level of

interconnections and bypassing said first level of

[
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interconnections, said second level of interconnections, said
third level of interconnections, and said fifth level of

interconnections.

20. The programmable logic circuit of Cla.tm 19,
wherein the span of each of said seventh set of routing lines is

twice the span of each of said sixth set of routing lines.

21.  The programmable logic circuit of Claim 19,
wherein the humber of said seventh set of routing lines is half

the number of said sixth set of routing lines.

22.  The programmable logic circuit of Claim 1, wherein
said first level of interconnections _functidn as a second set of

bi-directio_nally.programmable access lines.

23. The prog_rax_n_inable logic circuit of Claim 2, wherein
said second level of interconnections function as third set of

bi-directionally programmable access lines.

24, The programmable loglc c1rcu1t of Cla1m 1, wherein
said switches are comprised of b1-d1rectxonally programmable

drivers.

' This Sheet Has Been
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25. The programmable logic circuit of Claim 1, wherein
said switches are comprised of bi-directionally programmable

passgates.

26. The 'programmable logic circuit of Claim 1 further
comprising a twelfth set of programmable switches for
selectively coupling an adjacent set of first set of bi-

 directionally programmable access lines of an adjacent set of

logic blocks to said same first level of interconnections.

27. The programmable logic circuit of Claim 1 further
comprising a thirteenth .s'et of programmable switches for
selectively coupling an adjacent set of first set of bi-
directionally prdgrammable access lines of an adjacent set of

logic blocks to a same second level of interconnections.

28. The programmable logic circuit of Claim 10 further
comprising a fourteenth set of programmable switches for
selectively coupling an.adjacent set of first set of bi-
directionally programmable access lines of an adjacent set of

logic blocks to said same third level of interconnections.

29. * The programmable logic circuit of Claim 13 further
comprising a fifteenth set of programmable switches for

selectively coupling an adjacent set of first set of bi-

This
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dlrectlonally programmable access lines of an adjacent set of

logic blocks to a same fourth level of i mterconnectxons

- 30.  The programmable logic circuit of Claim 16 furfher
comprising a sixteenth set of programmable switches for
seléctively 'couPl_in_g an adjacent set of said fourth level of '

interconnections to a same fifth level of interconnections.

31. The pfdgramrhablge_ logic circliit of Claim 19 further
comprising a seventeenth set of programmable switches for
selectively coupling an adjacent set of said fourth level of

interconnections to a same sixth level of interconnections.

32. The programmable logic circuit of Claim 10,
wherein said third level of interconnections function as fourth

set of bi-directionally programmable access lines.

33. .The prograinmable logic circﬁit of Claim 13,
wherein said fourth level of i mterconnectlons funcuon as ﬁfth

set of b1-d1recnonally programmable access lmes

34.  The programmable logic circuit of Claim 16,
wherein said fifth level of interconnections function as sixth

set of bi-directio:nally programmable access lines.
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35. The progrmable logic circui.t of Claim 19, - H!’l’!””’!l”!”’!’ ll ,”I

wherein said sixth level of interconnections function as

seventh set of bi-directionally programmable access lines.

36. A’pfogrammable logic circuit of Claim 1 further
comprising: | ' |

a plurality of logic clusters, each of said logic clusters
having a plurality of programmable interconnected cells for
performing logic functions on logic signals;

an eighteenth set of programmable switches coupled to
said plurality of logic cells of a said logic cluster;

an eighth set of routing lines coupled to said eighteenth
set of programmable switches to form a set of intraconnection

matrix routing lines coupled to said logic cluster. |

37. The programmable logic circuit of Claim 36,
wherein said set of intraconnection matrix routing lines
function as short distance connéctions for the said plurality of
logic cells of the sa.ici logic cluster throﬁgh programmable |

means.

38. The programmable logic circ_ilit of Claim 36, the
number of lines in each said set of inttaconnection matrix

routing lines is equal to appmximately half the number of

/
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total number of input pins and output pins of the said

plurality of cells in said logic cluster.

39.  The programmable logic circuit of Claim 36, the
span for-each line of sand set of intraconnection matnx routing
lines is equal to half the span of each hne of said ﬁrst set of

bi-directionally programmable access lines.

40. The progmable l.ogic cil'_cui__t" of Claim 36, said
cells of a said logié bloc_k are comprised of said plurality of
cells of said plurélity of logic clusters.

41. The programmable loglc c1rcu1t of C1a1m 36
further comprising a mneteenth set of programmable sw1tches
for selectively couphng a lme of said set of mtraconnectlon
matrix of a first logic cluster toa line of the smd setof
intraconnection matnx of a second logic cluster, wherem sa1d

first logic cluster is adJacent to said second logic cluster.

42. A programmable logic circuit comprising:
a plurality of logic clusters, each of said logic clusters
having a plurality of programmébly interconnected cells for

performing logié 'functidns on logic signals;

This g
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a set of intracoﬁnection matrix routing lines coupling a
- set of said plurality of logic clusters; |
a plurality of logic blocks, each of said logic blocks
having a plurality of programmably interconnected cells for
performing logic functions on logic signals;
a first set of bi-difectionélly programmable access lines

coupling a first set of said plurality of logic blocks.

43. The programmable logic circuit of Claim 42 further
comprising a first level of interconnections coupling at least
two of said first set of bi-directionally programmable'acces's'

lines.

44. The programmable logic circuit of Claim 43 further
comprising a first programmable switch coupled to a bi-
directionally programmablé access line of said first set of bi-
directionally programmable access lines of a first logic block
for programmably conducting a signal corresponding tb said

first logic block to said first level of interconnections.

45. The prégrammable logic circuit of Claim 44 further
comprising a second level of interconnections couphng at least

two of said first level of interconnections.

i = -
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46. | The programmable logic c1rcu1t of Claim 45 further
comprising a second programmable switch connectable to said
bi-directionally. px;ggrar_nmable access line of said first set of
bi-directi'onally programmable access lines of said first logic

- block for prOg:rgi'hmably conducting said signal corresponding -

to said first logie block to said second level of interconnections,
wherem said first level of interconnections is capable of being

bypassed by saJd s1gna1

47. Thejprogrammable_ logic circuit of Claim 46 further
comprising: o | _
a third level of interconnections coupling at least two of

said second level of interconnections.

48.  The programmable logic circuit of Claim 47 further
comprising a thlI‘d programmable switch con_nectable to said
bi-difectionelly pfogrammab_le access line of said first set of
bi-directionally progra:nmable_aecess ﬁnes of said first logic
block fof programmably conduetihg -said signal corresponding
to said first logic block to said third level of interconnections,
wherein said first level of interconnections and said second
level of interconnections are cepable of being .bypassed by

said signal.
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49. The programmable lbgic_ circuit of Claim 42 further
comprising:

a fourth level of interconnections;

" arouting line coupled to said fourth level of

interconnections; | |

a fourth programmable switch connectable to said bi-
directionally programmable access line of said first set of bi-
directionally programmable access lines of said first logic
block for programmably conducting said signal corresponding

to said first logic block to said routing line.

50. | The programmable logic circuit of Claim 42 further
comprising a fifth programmable switch connectable to said
intraconnection matrix routing line of said set of
intraconnection matrix routing lines of said first logic cluster
for programmably cénducting said signal corresponding to said
intraconnection matrix routing line of said set. of
intraconnection matrix routing 1in§s of said first logic cluster
to a intraconnection matrix routing line of said set of
intraconnection matrix routing lines of a secdnd logic cluster,
wherein said first logic cluster is adjacent to said second logic

cluster.

51.  The programmable logic circuit of Claim 42 further

comprising a fifth programmable switch connectable to said
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bi-directionally programmable access line of said first set of

bi-difectionally brongmable access linés of said first logic
‘block for programmably conductmg said signal correspondmg
to said b1-d1rect10nally programmable access line of said first
set of b1-d1recuo_n_a11y programmable access lines of said first
logic block to a:bifdirecﬁonally programmable access line of a
first set of bi-dﬁégﬁonally programmable access lines of a_

| second logic bl(;ék v;/hereinis.aid first level of interconnectio_ns
are capable of bemg bypassed and wherem said first logic |

block is adJacent to said second loglc block.

52. The programmable logxc circuit of Claim 42
wherein said sthches are compnsed of bl-dlrectmnally

programmable dnvers

53.  The programmable logic circuit of Claim 42
wherein said switches are comprised of bi-directionally

programmable passgates.

54. The programmable loglc c1rcu1t of Cla1m 43 further
compnsxng a smth set of programmable swnches for
selectlvely couplmg an adjacent set of first set of bi-
directionally pro_grammable access lines of the adjacént sét of

logic blocks to said first level of interconnections.

—_—
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. 55. Iﬁ a brogramma.xble logic circuit having a plurality
of cells for performing logic functions on logic signals, a |
method of forming complex logic functions for programmably
coupling a group of said cells by routing signals from one of
said cells to another of said cells, said method comprising the
steps of: |

programrhably interconnecting a plurality of said cells to
form a first logic cluster, a second logic cluster, and a third

logic cluster via a set of intraconnection matrix routing lines;

programmably conducting. a signal corresponding to a
first set of intraconnection m_étrix routing lines of a first logic
cluster to a first set of iniraconhection matrix rbuting lines of
said second Iogié cluster via a first set of bi-directionally
programmable access lines;

programmably interconnecting a pluraiity of said cells to
form a first logic bldck, a second logic block, and a third logic
block;

programmably conducting a éignal correspondingto a
first set of bi-diféctionally programmable access lines of a first
logic block to a first set of bi-directionally prdgrammable
access lines of said second logic block via a first levél of

interconnections.

-
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56. The method of Claim 55, wherein the span of each
of the said first set of mtraconnectlon matrix routmg linesis a
 fraction of the span of each of the sald first set of bi-
directionally program_mable access hnes and_ the number of
lines of the said set of inﬁacoxinection matﬁx rouﬁng_ﬁnés isa
fraction of the numﬁer of input and outputi pins of said cells in N

said logic cluster.

57. The method of Clairh 55, wherein the span of each
of the said first sét Of bi-directibnally prograinmable access
lines is a fraction of the span of each of the said first level of
interconﬁections lines and the number of lines of the said first
level of interconnections lines 1s a fraction of the number of .
the said first set of bl-dlrectlonally programmable access lines

over a logic block c1rcu1t area.

58.  The method of Claim 55 funhér comprising the
step of: - | |

Iprogramm_ably conducting sajd signal to a first set of bi-
directionally programmable access lines of said third logic
bléck via a second level of interconnecﬁons by conducting said

signal through said first level of interconnections.

59.  The method of Claim 55 further comprising the

step of:

Sheet Has Been Replaced
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programmably conductihg said signal to a first set of bi- |
directionally programmabie access lines of said third logic |
block via a second level of interconnections without
conducﬁng said signal through said first level of

interconnections.

60. The method cf Cl_aim 58, wherein the span of each
of the said first level of interconnections lines is a fraction of
the span of each of said second level of interconnections lines
and the number 6f lings of the said second level of
interconnections lines is a fraction of the number of the said
first level of interconnections lines over total ldgic blocks

circuit area.

61. The method of Claim 55 fufther comprising the
step of programmably conducting said .signal to a first set of
bi-directionally programmable access lines of a fourth logic
block via a third level of interconnections by conducting said
signal through said first level of interconnections or said

second level of interconnections.

62. The method of Claim 55 further comprising the
step of programmably conducting said signal to a first set of
bi-diréctionally programmable access lines of a fourth logic

block via a third level of interconnections without conducting

This g
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sa1d signal through said first level of 1nterconnect10ns or sa1d

second level of 1nterconnect10ns

63. The method of Clatm 62, wherem the span of each
of the said second level of mterconnecuons hnes is a fraction_
of the span of each of the said third level of interconnections
lines and the number of lines of the said third level of
interconnections llnes is a fraction of the number of the said
second level of mterconnectmns lines over a loglc block circuit .

area.

64. The method of Claim 55 further compnsmg the
step of programmably conductlng said signal to a routing line
coupled to a fourth level of interconnections, wherein the span
for each of the line and the number of lines of the said fourth
level of i mterconnecuons are propomonal to the sald third

level of mterconnectlons.

65. The method of Claim 55 further comprising the
step of programmably conducting said signal directly to said
“second logic cluster and bypassing said first set of bi-

directionally programmable access lines.

66. The _methcd of Claim 55 further 'c_o_m_prising the

step of program_rnably conducting said signal directly to said

"

i
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second logic block and bypassing said first le.\)e_l of

interconnections.

| 67. The method of Claim 55 further comprising the
step of programmably éonducting said signal to a first set of
bi-directionally programmable access lines of a fifth logic
block via a fifth level of interconnections vial said fourth lével
of interconnections by conducting said signal through said first
level of interconnections, said.second level of interconnections,

or said third level of interconnections.

68.  The method of Claim 55 further comprising the
step of programmably conducting said signal to a first set of
bi-directionally programmable access lines of a fifth logic
block via a fifth level of interconnections via said fourth level
of interconnections without conducting said signal through
said first level of interconnections, said second level of

interconnections, or said third level of interconnections.

69. The method of Claim 68, wherein the span of each
| of the said fourth level of interconnections lines is a fraction of
the span of each of the said fifth level of interconnections Hhes
and the number of lines of the said fifth level of

interconnections lines is a fraction of the number of the said
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fourth level of interconnections lines over a logic block circuit

arca.

70. The method of Claim 55 further comprising the step
of programmably conducung sa1d signal to a first set of bi-
directionally programmable access lines of a 51xth logic block
via a sixth level of i mterconnectmns through sa1d fourth level
of i mterconnectlons by conductmg sa1d s1gnal through said ﬁrst
level of i 1nterconnect10ns, smd second level of interconnections,
said third level of i mterconnecuons_,l or said ﬁfth level of

interconnections.

1. The method of ClaJm 55 further comprising the
step of programmably conductmg said 31gna1 to a first set of
bl-duecuonally programmable access hnes of a sixth logic
block via a sixth level of i interconnections through said fourth
level of inte-rconnect_iohs without conducting said signal
thrbugh said ﬁfst level of interc_ohnections, said second level
of interconnections, said third level of intefcdnnections, of said

fifth level of interconnections.

72.  The method of Claim 71, wherein the span of each
of the said fifth level of interconnections lines is a fraction of
the span of eacfl of the said sixth level of interconnections -

lines and the number of lines of the said sixth level of -
\
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interconnections lines is a fraction of the number of the said
fifth level of interconnections lines over a logic block circuit

arca.

73."  The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said first set of
bi-directionally programmable access lines of an adjaceht set
of said logic blocks to said first level of interconnections via a

set of programmable switches.

74. The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said first set of
bi-directionally programmable access lines of an adjacent set
of said logic blocks to said second level of interconnections via

a set of programmable switches.

75. The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said first set of
bi-directionally programmable access lines of an adjacent set
of said logic blocks to said third level of interconnections via a

set of programmable switches.

76.  The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said first set of

bi-directionally programmable access lines of an adjacent set

—_—
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of said logic blocks to said fourth level of ihterconnections via

a set of programmable switches.

77.  The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said fourth level
of interconnections to said fifth level of interconnections via a

set of programmable switches.

78.  The method of Claim 55 further comprising the
step of selectively coupling an adjacent set of said fourth level
of interconnections to said sixth level of interconnections via a

set of programmable switches.

79.  The method of Claim 55, wherein said switches are

comprised of bi-directionally programmable drivers.

80. The method of Claim 55, wherein said switches are

comprised of bi-directional_ly programmable passgates.

81. A field programmable gate array comprising:

a plurality of cells for performing logic functions on
signals input to said field programmable gate 'array;

an intraconnection matrix for programmably

interconnecting éplurality of said cells to form a logic cluster;

This Sheet Has Been Replaced.
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a plurality of programmable switches connectable
between two adjacent said intraconnection matrices to form
logic cluster extensions; | _

a plurality of block connectors together with said logic
clusters, said intraconnection matrices, and said extensions to
form a logic block; | |

a plurality of programmable switches .connectable
between two adjacent said logic blocks to form logic block
extensions;

a first level of programmable interconnections for |
interconnecting a plurality of logic blocks to form a block
cluster;

a second level of programmable interconnections for
interconnecting a plurality of block clusters to form a block
sector; |

a first set of programmable switches connecting a
plurality of logic blocks to said first level of programmable
interconnections; | |

a second set of programmable switches connecting a
plurality of logic blocks to said second level of programmable

interconnections;

82.  The field programmable gate array of Claim 81,
wherein said logic cluster is comprised of a 2 x 2 matrix of

cells. aced
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83.  The field programmable géte array of Claim 82,
wherein said logic block is comprised of a 2 x 2 matrix of logic

clusters.

84.  The field programmable gate array of Claim 83,
wherein said block cluster is comprised of a 2 x 2 matrix of

logic blocks.

85.  The field programmable gate array of Claim 84,
wherein said block sector is comprised of a 2 x 2 matrix of

block clusteré.

86. The field pro'gramma_ble' gate array of Claim 81,
wherein said first level of intercqnnections is comprised of a
first set of routing lines and a second set of routing lines

pérpendicu_lar to said first set of routing lines.
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FIG. 16

MLA-4 Routing Network - Access and Routing
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FIG. 18

MLA-5 Routing Network - Access and Routing
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to the hierarchical routing network.
A uniformly distributed first layer
of routing network lines is used to
provide connections amongst sets

of block connectors. A uniformly

distributed second layer of routing
network lines is implemented to
provide connectability between
different first layers of routing
network lines. Switching networks
are used to provide connectability
between the block connectors and
routing network lines corresponding
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routing network lines are implemented to provxde connectability between d:fferent prior layers of routing network lines.
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CLAIMS

Whaf is claimed is: .

1. A programmable logic circuit comf,orising:

a ?1urality of logi_c: blocks having a plurality of
programmable interconnected cells for p'effofming logic functions on
logi_c.signals; |

~ afirst set of programm_able switches coupled to said
programmable interconnected cells of said plurality of logic blocks;

a first set of routing lines coupled to said first set of

~ programmable switches to form a first set of bi-directionally '_ '

programrhable access lines to said plurality of logic blocks, wherein

said first set of bi—direction'ally programmable access lines function as

input/output pins for said plurality of logic blocks through

programmable means;

a second set of programmable switches coupled to said

first set of bi-direétionally programfnéble access lines;

a second set of routing lines coupled to said second set of

programmable switches.

2. The programmable logic circuit of Claim 1 further

comprising:

a third set of programmable sWitcheé for selectively

' coupling a plurality of lines of said second set of routing lines,

wherein said second set of routing lines and said third set of

programmable switches comprise a first level of interconnections;



Uy

a third set of routing lines connectable to said second set

of programmable switches.

3. The programmable logic circuit of Claim 2 further

compri.sing:' | | |

_ a fourth set of programmable switches for selectively
coupling a plurality of lines of said third set of routing lines, wherein
said third set of routing lines and said fourth set of programmable
switches comprise a second level of interconnections;

a fifth set of programmable switches connectable bétween

said thir_d set of routing lines and said second set of routihg lines for
selectively coupling said plurality of lbgic_ blocks to said second level of

interconnections via said first level of interconnections.

4. The programmaﬁle logic circuit of Cla.im. 1 further
-comprising: |
| a sixth séf of 'programmaBle switches for selectively
coupling a line of said first set of bi—direct'ionallly'programmable access
lines of a first 1ogit block to a line of said first set of bi-directionally _l
programmable .ac-cl:ess lines of a second logic block, wherein first said

logic block is adjacent to said second logic block.

5. The programmable log_ic'circuit of Claim 4 wherein the

. number of lines of said first set of routing lines for each logic block of



POT/US 95/04837
REPLACEVENT SHEET| s, & o an¥o

1000T 99 | —_—

LT

said plurality of logic blocks is approxirhately half the number of said

“plurality of cells of said logic block.

6. The programmable logic circuit of Claim 2, wherein the
span of each of the said sec_ohd set of routing lines is twice the span of

‘each of said first set of routing lines.

7. The programmable logic circuit of Claim 2, wherein the
number of said second set of routing lines is half the number of said

 first set of routing lines.

8.  The programmable logic circuit of Claim 3, wherein the
span of each of said third set of routing lines is twice the span of each

of said second set of routing lines.

9. - The programmable logic circuit of Claim 3, wherein the
number of said third set of routing lines is hélf the number of the said

second set of routing lines.

- 10.  The program_fnable logic circuit of Claim 3 further
compr.ising' | : |
a fourth set of routing lines connectable to sa1d second set.
of programmable sw1tches, |
a seventh set of programmable switches for selectively

coupling a plurality of lines of said fourth set of routing lines, wherein
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said fourth set of routing lines and said seventh set of programmable
Switches comprise a third level of inferconnections;

an eighth set of programmable switches connectable
between said fourth set of routing lines and said third set of routing
lines for selectively coui)ling said plurality of logic blocks to said third
level of interconnections 'vié said second level of interconnections or

* said first level of interconnections.

11. The programmable logic circuit of Claim 10, wherein the
span of each of said fourth set of routing lines is twice the span of each
of said third set of routing lines and the number of said foufth set of

routing lines is half the number of said third set of routihg lines.

12.  The programmable logic circuit of Claim 10, wherein said
fourth set of routing lines and said seventh set of programmable

switches comprise a third level of interconnections.

13.  The programmable logic circ'uilt' of Claim 1 further
comprising;: | -
| a fifth set of routing lines, connectable to said second set
of programmable switches for forfning é fourth level of |

interconnections.

7 ¢
) S
-
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14.  The programmable logic circuit of Claim 13, wherein the

span of 'eag:h of said fifth set of routing lines is twice the span of each of

said third set of routing lines.

15. The programméble logic circuit of Claim 13, wherein the |
number of said fifth set of routing lines is half of the number of said |

third set of routing lines.

16.  The programmable logic circuit of Claim 13 further
_ comprising: | |
. a sixth set of roﬁting lines compl;ising a fifth level of

interconnections; | |

~a ninth set of programmable switches connectable
' betweén said sixth set of routing lines and said fifth set bf-zjouting lines
- capable of cbnducting _signal from said first set of bi-directionally
programmable acceés iines for selectively coupling said plurality of
logic blocks to said fifth level of interconnections via said fourth level
of interconnections and bypassing a firs_t level of interconnections, a
.sécond level of interconnéctions, and a third level of

interconnections.

17.  The programmable logic circuit of Claim 16, wherein the
span of each of said sixth set of routing lines is twice the span of each

of said fourth set of routing lines.
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18.  The programmable logic circuit of Claim 16, wherein the
number of said sixth set of routing lines is one fourth the number of

said fourth set of routing lines.

19.  The programmable logic circuit of Claim 13 further
comprising: |
a seQenfh set of routing lines;

a tenth set of programmable switches coupled for
selectively connecting a plurality of lines of said seventh set of roufing
| lines, wherein said seventh set of routing lines and said tenth set of
programmable switches comprise a sixth level of interconnections;

an eleventh set of brog_rammable switches connectable
- between said seventh éet of routing lines and said fifth set of fo_uting
lines capable of conducting signal from said first set of bi-diréctionally
programrﬁable access lines for selectively coupling .said plurality of
logic blocks via said fQﬁrth level of interconnections and bypassing a
first level of interconnections, a second level of interconnections, a

third level of interconnections, and a fifth level of interconnections.

20. The progra'mmable ldgic circuit of Claim 19, wherein the
span of each of said seventh set of routing lines is twice the span of

each of said sixth set of routing lines.
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number of said seventh set of routing lines is half the number of said

21.  The programmable logic circuit of Claim 19, wherein the

- sixth set of routing lines.

22. The programmable logic circuit of Claim 2, wherein said
first level of interconnections function as a second set of bi-

directionally programmable access lines. |

23. The programmable logic circuit of C1a1m 3, wherein sa1d
-second level of interconnections function as a th1rd set of bi-

d1rect1o_nally programmable access lines.

24. The programmable logic circuit of Claim 1, wherein said

switches are comprised of bi-directionally programmable drivers.

25. The programmable' logic circuit of Claim 1, wherein said

switches are compﬁsed of bi-directionally programmable péssgates.

2. The p_rogfammable logic circuit of Claim 2 further
compfising_ a twelfth set of programinable switches for selectively
coupling an adjacent set of first set of bi-directionally programmable
access lines of an adjacent set of logic bl.ocks. to _saiél first level of

interconnections.
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27. Thé programmable logic circuit of Claim 3 further
comprising a thirtei_enth set of programmable switches for selectively
coupling an adj'acent set of first set of bi-directionally programmable
access lines of an adjacent set of logic blocks to the second level of

interconnections:

28. The progrémmable logic circuit of Claim 10 further
-coxﬁpr_ising_ a fourteenth set of programmable switches for selectively
coupling an adjacent set of first set of bi-directionally programmable
access. lines of an édjacent set of logic blocks to said third level of

interconnections.

29. The progrérhmable logic circuit of Claim 13 further
comprising a fifteenth set of programmable swifches for selectively
coupling an adjacent set of first set of bi-&irectidnally pfogrammable
access lines of an adjacent set of logié blocks to the fourth level of

interconnections.

30. The programmabie logic circuit of Claim 16 further -
" comprising a sixteenth set of programmable switches for selectively
coupling an adjacent set of said fourth level of interconnections to the

fifth level of interconnections.

31.  The programmable logic circuit of Claim 19 further

comprising a seventeenth set of programmable switches for selectively
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coupling an adjacent set of said fourth level of interconnections to a

same sixth level of interconnections.

32. The programmable logic circuit of Claim 10, wherein said
third level of interconnections function as fourth set of bi-

directionally programmable access lines.

33.  The programmable logic circuit of Claim 13, wherein said
fourth level of interconnections function as a fifth set of bi-

directidnally programmable access lines.

~ 34.  The programmable logic circuit of Claim 16, wherein said
fifth level of interconnections function as sixth set of bi-directionally

programmable access lines.

35. The programmable logic circuit of Claim 19, wherein sa1d '
51xth level of 1nterconnect10ns function as seventh set of bi-

~ directionally programmable access lines.

36. . A programmable logic circuit of Claim 1 further
comprising; | ‘ |
. a plurality 6f logic clusters, each logié block comprising
logic clusters of the plurahty of logic clusters, each of said logic clusters
havmg cells of the plurahty of programmable mterconnected cells for |

performing logic functions on logic signals;
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an eighteenth set of programmable switches coupled to
said plurality of cells of a said .lo'gi-c cluster;
an eighth set of routing lines coupled to said eighteenth
set of programmable switches to fbrrﬁ a set of intraconnection matrix

routing lines coupled to said logic cluster.

37. The programmable 'l_ogic circuit of Claim 36, wherein said

set of intraconnection matrix routing lines function as short distance
connections for the said plurality of cells of the said logic cluster

'_ through programmable means.

38.  The prdgrammable logic circuit of Claim 36, the number
of lines in each said set of intraconnection matrix routing lines is’
equal to approximately half the number of total number of input pins

and output pins of the said plurality of cells in said logic cluster.

1 39. The programmable logic circuit of Claim 36, the span for
each line of said set of intraconnection matrix rduting lines is equal to
‘half the span of each line of said first set of bi-'directionally -

programmable access lines.

40.  The programmable logic circuit of Claim 36, said cells of a
~ said log1c block are comprlsed of said plurahty of cells of said plurahty

of loglc clusters.
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41. The programmable logic circuit of Claim 36 furth'ef .l
comprising a nineteenth set of prbgrammable switches for selectively
coupling a line of said set of intraconnéctio;i matrix of a first logic
cluster to a line of the said set of intraconnection matrix of a second
'- logic cluster, wherein said first logic cluster is adjaéent to said second

logic cluster.

0. A programmable logic circuit comprising: - |

a plurélity of logic clusters, each.of said logic clusters
having a plurality of programmably inte_rconnécted cells for
performing logic functions on 1ogic signals;

| a set of intraconnection matnx routing lines couphng a

set of sald plurahty of logic clusters; | .

a plurahty of logic. blocks, each of said logic blocks havmg
logxc clusters of the plurahty of logic clusters; . |

a first set of b1-d1rect1onally progfamfnable _aécess lines

coupling a first set of said plurality of logic blocks.

43.  The programmable logic circuit of Claim 42 further
cémprising a first level of interconnections coupling at least two of

said first set of bi-directionally programmable access lines.

44,  The programmable logic circuit of Claim 43 further
‘comprising a first programmable switch coupled to a bi-directionally

‘programmable access line of said first set of bi-directionally
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programmable access lines of a first logic block for programmably
conducting a signal corresponding to said first logic block to said first

level of interconnections.

45. The progréfnmable logic circuit of Claim 44 further
comprising a second level of interconnections coupling at least two of

said first level of interconnections.

46.  The programmable logic circuit of Claim 45 further
comprising a SeCOhd prograrﬁmable switch connectable to said bi-
directionally pfgigrammabl’e access line of said firsf set of bi- |
'directionally programmable access lines of said first logic block for
programmaﬁly conducting said signal corresponding to said first logic
bloc.k'to said second level of interconnections, wherein said first level

of interconnections is capable of being bypassed by said signal.

47.  The prbgrammable logic circuit of Claim 46 further
: compfising: a third level of interconnections coupling at least two of

said- second level of interconnections.

48. ’fhe_programmable logic circuit of Claim 47 further
comprising a third prograr_rimable switch connectal;le to said bi-
~ directionally programmable access line of said first set of bi- |
directionally programmable access lines of said first logic block for

programmably éondﬁcting said signal corresponding to said first logic -
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block to said third level of interconnections, wherein said first level of
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interconnections and said second level of interconnections are capable

of being bypaséed by said signal.

49.  The programmable logic circuit of Claim 43 further
comprising;: | |
an nth level of interconnections coupling at least two of

n-1 level of interconnéction‘s,i where n is greater than one; |

| an hth programmable switch connectable to said b1-
directionally programmable access line of said first set of bi- "
directionélly programmable access lines of said first logic block for
prograr’hmably.conductiﬂg Séid signal correspondihg to said first logic
block to said nth level of interconhectibns, wherein m level of
interconnections, where m is greater than or equal to one and less

~ than n, are capable of being bypassed by said signal.

50. The programmable logic circuit of Claim 42 further

. comprising a fifth programmablé switch connectable to said
intraconnection matrix routing line of said set of intraconnection
métrix routing lines of said first logic cluster for programmably |
conducting said signal corresponding to said intraconnection matrix
‘routing line of said set of intraconnection matrix routing lines of said
first logic cluster to a intraconnection matrix routing line of said set of .'
intraconnection matrik routing lines of a second logic cluster, wherein

'said first logic cluster is adjacent to said second logic cluster.
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- 51, | The programmable logic circuit of Claim 42 further
compriSing a fifth programmable sWitﬁh connectable to said bi-
_directionally programmable acceSs line of said first set of bi-
d1rect1ona11y programmable access hnes of said first logic block for
programmably conductmg said signal correspondmg to said bi-
directionally programmable access line of said first set of bi- |
directionally programmable access lines of said first logic block to a bi-
directionally Programméble access line of a first set of bi-directionally
programmable access lines of a second logic block, wherein said first-
level of interconne_ctions are capable of being Bypassed and wherein. .

' said first logic block is adjacent to said second logic block.

52.  The programmable logic circuit of Claim 42 wherein said

switches are comprised of bi-_directionally programmable drivers.

53. ' The programmable logic circuit of Claim 42 wherein said

switches are comprised of bi-_difectiorially programmable passgates.

..94.  The programmable .logic circuit of Claim 43 further
comprising a sixth set of programmable switches for selectively
_couphng an ad]acent set of first set of b1—d1rect10na11y programmable
| access lines of the ad]acent set of logic blocks to said first level of

interconnections.
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55.  In a programmable logic ;ircuit having a plurality of cells

- for pe:forming-logic functions on logic signals, a method of forming
complex logic functions for programmably coupling a group of said
cells by routing signals from one of said cells to another of said cells,
said method comprising the steps of: .

programmably interconnecting a plurahty of said cells to
form a first logic cluster, a second logic cluster, and a third logic cluster
via a set of intraconnection matrix routing lines;

programmably conducting a signal corresponding to a

- first set of intraéonnectioﬁ matrix rou{ing lines of the first logic cluster
to a first set of intraconnection matrix routing lines of said third logic

-du_ster via a set of intraconnect or matrix routing lines; |

programmably mterconnectmg a plurahty of said cells to
form a flI'St logic block, a second logic block, and a third logic block,

- each logic block having a plurality of logic clusters;

programmably conducting a signal corresponding to a
first sét of bi-directionally programmable access lines of a first logic
block to a first set of bi‘-directionally programmable access lines of said.
third logic block via a first set of bi—d_irectionally programmable access |

lines of the second logic block.

'56.  The method of Claim 55, wherein the span of each of the
said first set of intfaconnect_ion matrix routing lines is a fraction of the
span of each of the said first set of bi-directionally programmable

access lines and the number of lines of the said set of intraconnection
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-matrix routing lines is a fraction of the number of input and output

pins of said cells in said logic cluster.

57, The method of Claim 55, wherein the span of each of the
said first set of bi-directionally programmable access lines is a fraction
of the span of each of the said first level of interconnections lines and
the number of lines of the said first level of interéonnec_tions lines is a
fraction of the number of the said firs_f set of bi-di_re_cﬁonally

programmable access lines over a logic block circuit area.

58.  The method of Claim 35 further comprising the step of:

~ programmably conducting said. signal to a first set of bi-

directionally programinable access lines of said third logic block via a
second level of interconnections lines by conducting said signal

through said first level of interconnections lines.

59.  The method of Claim 55 .further comprising the step of:
N pfogrammably conducting.said signal to a first set of bi-
directionally programmable access lines of said third logic block via a
second level of interconnections lines' without conducting said signal

through said first level of interconnections lines.

' 60. The method of Claim 58, wherein the span of each of the
said first level of interconnections lines is a fraction of the span of

each of said second level of interconnections lines and the number of -
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lines of the said second level of interconnections lines is a fraction of

~ the number of the_ said first level of interconnections lines over total

logic blocks circuit area.

61.  The method of Claim 58 further comprising the step of
programmably conducting said signal to a first sgf of bi-directionally
programmable access lines of a fourth logic block i/ia a third level of
interconnections lines by conducting said signal through said first |
level of interconnections lines .or said éecond level of

interconnections lines.

62. The method of Claim 58 furtﬁer comprising the step of
pfogrammably condﬁcting said signal to a first set of bi-directionally
programmable aﬁcess lines of a fourth logic block via a third 1ével of
interconnections lines without éonducting said signal through said
first levél of intercorinections lines or said sec_c;nd level bf |

~ interconnections lines.

63. The fnéthod of Claim 62, wherein the span of each of the
_said second level of iﬁferconnec_tions lines is a fraction of the span of
each of the third level of interconnections lines and the number of
lines of the said third level Q.f interconnections lines is a fraction of
the number of the said second level of interconnections lines over a

logic block circuit area.

TRIGY W EY. S :
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64.  The method of Claim 62 further comprising the step of

.programmably conducting said signal to a routing line coupled to a
fourth level of interconnections lines, wherein the span for eéch of
the lme and the number of lines of the sald fourth level of
interconnections lines are proport1onal to the said th1rd level of

interconnections lines.

65.  The method of Claim 55 further comprising the step of
progrémmably conducting said signal directly to said second logic

“cluster and bypassing said first set of bi-directionally programmable

access lines.

66. ’_I'hé method of Claim 55 further comprising the step of
programmably conducting said signal directly to said second logic

‘block and bypassing said first level of interconnections lines.

 67. The method of Claim 64 furthér comprising thé step of

- programmably conducting said signal to a first set.of bi-directionally
programmable access lines of a fifth logic block via a fifth level of
inter-connections lihes via said fourth level of interconnections lines
by conducting said signal through séid first level of interconnections
lines, said second level of interconnections lines, 6r said thi1_~d level of

interconnections lines. -
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68. The method of Claim 64 further comprising the step of
programmably conducting said signal to a first set of bi-directionally
programmable access lines of a. fifth logic block via a fifth level of
interconnections lines via said fourth level of interconnections lines
- without conducting said signal through said first level of
inte;connectioné lines, said second level of interconnections lines, or

said third level of interconnections lines.

69.  The method of Claim 68, wherein the span of each of the
said fourth level of interconnections lines is a fraction of the s?an of
each of the said fifth level of interconnections lines and the number of
lines of the-sai'd_ fiftH level of interconnections lines is a fraction of the
number of the said fourth level of interconnections lines over a logic -

block circuit area.

70, The method of Claim 68 further comprising the step of
programmably conducting said signai to a first set of bi-directionally .
programmable access lines of a sixth logic block via a sixth level of
- interconnections lines fhrough said fourth level of interconnections
lines by conducting said signal thfough said first level of
_int_erconnectiqns lines, said second level of interconnections lines,
said third level of interconnections lines,I or said f;fth level of

interconnections lines.



EY™ N

woeres || I

€ L
s *

71.  The method of Claim 68 further compfising the step of

- programmably conducting said signal to a first set of bi-directionally. '
programmable access lines of a sixth logic block via a sixth level of
interconnections lines through said fourth level of interconnections
lines without conducting said signal through said first levél of
interconnections lines, said second level of interconnections liries, |
said third level of interconnections lines, or said fifth level of

interconnections lines.

72.  The method of Claim 71, wherein the span of each of the
said fifth level of interconnections lines is a fractidn of the span of
each of the said sixth level of interconnections lines and the number
of lines of the said sixth level of interconnections lines is a fraction of
the numbef of the said fifth level of interconnections lines over a

logic block circuit area.

73.  The rﬁethod of Claim 55 further comprising the step of
selectively coupling an adjacent set of said first set of bi-directionally
programmablé access lines of an adjacent set of said logic blocks to said
first level of interconnections lines via a set of programmable

switches.

74.  The method of Claim 55 further comprising the step of
selectively coupling an édjacent set of said first set of bi-directionally

programmable access lines of an adjacent set of said logic blocks to said
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second level of interconnections lmes via a set of programmable

sw1tches

75.  The method of Claim 55 further comprlsmg the step of
selectively couphng an ad]acent set of said first set of bi-directionally
programmable access lines of an adjacent set of said logic blocks to said
 third level of interconnections lines via a set of programmable |

switches.

76. The method of Claim 64, further comprising the step of
selectively coupling an adjacent set of said first set of bi-directionally
programmable access linies of an adjacent set of said logic blocks to said
foﬁrth level of intercénﬁection_s lines Vié. a set of programmable |

~ switches.

. 77.  The method of Claim 68 further comprising the step of
 selectively coupling an adjacent set of said fourth level of
interconnections to said fifth level of interconnections via a set of

programmable switches.

78. The method of Claim 71 further comprlsmg the step of
selectlvely coupling an adjacent set of said fourth level of
- interconnections to said sixth level of interconnections via a set of.

programmable switches.
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79. The method of Claim 71, wherein said switches are

comprised of bi-directionally programmable drivers.

. 80.  The method of Claim 71, wherein said switches are

comprised of bi-directionally programmable passgates.

81. A field programmable gate array comprising:
a plurality of cells for performing logic functions on
'signals input to said field programmable gate array;
| an intraconnection matrix for programmably
interconnecting a plurality of said cells to form a logic cluster;

a plurality of programmable switches connectable
between two adjacent said intraconnection matrices to form logic
cluster extensions; | |

| a plurality of block connectors connectable to a pluralify |
of logic clusters to form a logic block, said block connectors providing
input to and output from the logic block;

a piu;ality of programmable switches connectable
between two adjacent logic blocks to form logic block extensions;

a first level of programmable interconnections for
interconnecting a plurélity of logic blocks to form a block cluster;

a second level of programmable inte;'corinections for

interconnecting a plurality of block clusters to form a block sector;
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a first set of programmable switches connecting a
plurality of logic blocks to said first level of programmable
interconnections; |

a second set of programmable switches connecting a
plurality of logic blocks to said second level of programmable

~ interconnections;

82.  The field programmable gate array of Claim 81, wherein

said logic cluster is comprised of a 2 x 2 matrix of cells.

83.  The field programmable gate array of Claim 82, wherein
said logic block is comprised of a 2 x 2 matrix of logic clusters.
84.  The field programmable gate array of Claim 83, wherein

said block cluster is comprised of a 2 x 2 matrix of logic blocks..

85.  The field programmable gate array of Claim 84, wherein

said block sector is comprised of a 2 x 2 matrix of block clusters.

86. The field programmable gate array of Claim 81, wherein
said first level of interconnections is comprised of a first set of routing
lines and a second set of routing lines pérpehdicular to said first set of

routing lines.
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