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present inbYentiBn pertains to the field of programmable | ogi c
circuits. Mre particularly, the present invention relates to an
architecture and i aterconnect schene for progranmable |ogic circuits.
10 BACKGROUND OF THE | NVENTI ON 1 When integrated circuits
(ICs) were first introduced, they wer e extreneug expensi ve and were,
limted in their fmthR@HﬂﬁﬁTUREANDIVTERCONN CT SCHEME FOR

PROGRAMMABLE LOGIC CIRCUITS

5 EIELD OF THE INVENTION
The present invenﬁon pertains to the field of programmable
logic circuits. More particularly, the present invention relates to
an architecture and interconnect scheme for programmable logic
circuits.
10 o '
BACKGROUND OF THE INVENTION
When integrated circuits (ICs) were first introduced, they
were extremely expensive and were limited in their functionality.
Rapid strides in semiconductor'.technolo'gy have vastly reduced
15 the cost while simultaneously increased the performance of IC
chips. However, the design, layout, and fabrication process for a
dedicated, custom built IC remains quite costly. This is especiélly
true for those instances where only a small quantity of a custom .
designed IC is to be manufactured. Moreover, the turn-around

20 ume (i.e., the time from initial design to a finished product) can

frequently be quite lengthy, especially for complex circuit designs.
For electronic and computer products, it is criﬁcal to be the first to T
market. Furthermore, for custom ICs, it is rather difficult 1o effect

changes to the initial design. It takes time, effort, and money to

25. make any necessary changes.
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Rapi d strides in seniconductor technology have vastly reduced 15 the cost

whi | e sinul taneously increased the perfornmance of 1C chi ps. However,
t he design, layout, and fabrication process for a dedi cat ed, custom
built 1Cremains quite costly. This is especially true for those

i nstances where only a small ‘quantity of custom desi gned ICis to
"be manufactured. Moreover, the turn-aroun time (i.e., the tine from

initial design to a f| nlshe product) can c{ equent |y gg quite
| engt hy, especial |y ABVEW bk sharicamingsassogine with CUSFQSP ISect r oni ¢ and
conput er produc

| to b rket.
Fur t her nor e, rfse&‘éjgf‘bﬁlfﬁsqn%g é%gﬁeﬁ%m%?qu&ﬂ@ an%‘feeg? © changes

fqgcteggalrgl tchglngdeisutﬂm in r%aﬁya{<n%§a nces. Bag\’lfcf FP@RS are Qt%}(dar% hlg&?\ make any

density, off-the-shelf ICs which can be programmed by the user
5 toadesired configuration. Circuit designers first define the

desired logic functions, and the FPGA is programmed to process
the input signals accordingly. ‘Thereby, FPGA implementations can
be desi gned, verified, and revised in a quick and efficient manner.
Depending on the logic density requirements and production

10  volumes, FPGAs are superior alternatives in terms of cost and
time-to-market. | |

A typical FPGA essentially consists of an outer ring of I/O

blocks surrounding an interior matrix of configurable logic blocks.
The IfO blocks residing on the periphery of an FPGA are user

15  programmable, such that each block can be programmed
independently to be an input or an output and can also be tri-
statable. Each logic block typically contains programmable
combinatorial logic and storage registers. The combinatorial logic
is used to perform boolean functions on its input variables. Often,

20  the registers are loaded directly. froma logic block input, or they
can be loaded from the éombinatorial logic.

Interconnect resources occupy the channels between the

rows and columns of the matrix of logic blocks and also betﬁveen
the logic blocks and thé I/O blocks. These interconnect resources -

25  provide the flexibility to control the interconnection between two



2 ' In view of the shortconings associated with customIC s,

field programmabl e gate arrays (FPGAs) offer an attractive sol ution
i n many instances. Basically, FPGAs are standard, high- density,

of f-the-shelf 1 Cs which can be programred by the user -5 to a desired
.configuration. Circuit designers first defgne the desired logic
functions, and the FPGA is programred to process the i nput signals
.accordingly. Thereby, FPGA inplenentations can be desi gned,

verified, and redesignated poirjscokheahipefsuallyns masalmatwork of linepependi ng on
the logic density requirenents and, production 10 vol unes, FPGAs are
superior al t er nafp®88nzentally aad yerticadly 1a fae rows and ¢olpmns DeRyEwbt .

A typical FPGA e%?ee{gg%cq“o%kg.op?oig%r?lmqblg Swite teesrcorni_ ect tgg irlléuct)s and
outputs of the logic blocks and I/O blocks to these metal lines.

5 Crosspoint switches and interchanges at the intersections of rows
and columns are used to switch signals from one line to another.
Often, long lines are used to run the entire length and/or breadth
of the chip. :

-The functions of the I/O blocks, logic blocks, and their
10  respective interconnections are all programmable. Typically,
these functions are controlled by a configuration program stored
in an on-chip mémory. The configuration program is loaded
_automau'cally. from an external memory upon power-up, on
command, or programmed by a microprocessor as part of system
15 initialization.
The conqept of FPGA was sum_maﬁzed in the sixty’s by
Minnick who described the concept of cell and cellular array as
reconfigurable devices in the following documents: Minnick,. R.C.
and Short, R.A., “Cellular Linear-Input Logic, Final Report,” SRI
20 Project 4122, Contract AF 19(628)-498, Stanford Research
Institute, Menlo Pérk, California, AFCRL 64-6, DDC No. AD 433802 _
{February 1964); Minnick, 'R.C.,.“C'obweb Cellular Arrays,” .
Prdccedings AFIPS 1965 Fall Joint Computer Conference, Vol. 27, '
Part 1 pp. 327-341 (1965); Minnick, R.C. et al., "Cellular Logic, -
25 Final Report,” SRI Project 5087, Contract AF 19(628)-4233,



bl ocks surrounding an interior matrix of configurable |ogic blocks.
The 1/ 0 bl ocks residing on the periphery of an FPGA are user 15

programuabl e, such that each bl ock can be programed i ndependently to
‘be an input or an output and can also be tri- statabl e. Each logic
. bl ock typically contains progranmmabl e conmbi natorial |ogic and storage
regi sters. The conbinatorial |ogic i used to perform bool ean

~functions on its input variables. Oten, 20 the registers are |oaded
directly froma | ngéortdl Mcarahqdusmum Meéxly Park, Caltfamlb,eAFg&leﬁﬁfﬁrlém t he
conbinatorial |ogic | nt er connect resour.ces occupy t he
channel s bet ween (April 1966); aed\Mianigkc Bimd Srvenet Mieracgllwler | ogi ¢ bl ocks
ond ol o0 et veen bescarchfobtl) i Mk RO B b MBS
| nter connecti on b?/_to‘l\.eleéf l\lé'.\%, pp- 203-241 (April 1967). In addition to memory
5 based (e.g., RAM-based, fuse-based, or antifuse-based ) means of
enabling interconnects between devices, Minnick also discussed
both direct connections between neighboring cells and use of
busing as another routing technique. The article by Spandorfer, L.
M., "Synthesis of Logic Function on an Array of Integrated
10  Circuits,” Stanford Research Institute, Menld 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
15  neighboring cell intcrconnec_tions. In Wahlstrom, S. E.,
“Programmable Logic Arrays - Cheaper by the Millions,"
Electronics, Vol. 40, No. 25, 11, pp. 90-95 (December 1967), a
RAM-based, reconfigurable logic array of a two-dimensional array
of identical cells with both direct connections between adjacent
20  celis and a network of data buses is descnbed
. Shoup, R. G., "Programmable Cellular L001c 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

25 and recapitulates the array of Wahistrom. In Shoup’s thesis, the



3 "designated points on the chip. Usually, a netal netvvork of |ines

run horizontally and vertically in the rows and col ums between t he
-l ogi c bl ocks. Programmabl e switches connect the inputs and out put s
of the logic blocks and 1/0O blocks to these netal |ines. 5 Cr osspoi nt
., swtches and interchanges at the intersections of rows and col ums
are used to switch signals fromone line t® another. - - Oten, long
lines are used to run the entire | ength and/or breadth of the chi p.
The functions ofcangept gfmaighlarsonnectianstaxserids from dhe sigiple 240put espect i ve
i nterconnections are all progranmmable. pically these functions
are controlled WOHI%#P#@&?H@EBHOWW‘&%?%& '@r@%lg neighbor 2-way

connections. Shoup further described use of bus as part of the
interconnection structure to improve the power and flexibility of
5 anarray. Buses can be used to route signals over distances too
long, or in inconvenient diréctions, for ordinary neighbor
connections. This is particularly useful in p_éssing inputs and
‘outputs from outside the array to interior cells.
U.S. Patent Number 4,020,469 discussed a programmable logic

10 arrasw that can program, test, and repair itself. U.S. Patent Number
4,870,302 introduced a coarse grain architecture without use of
neighbor direct intcrcoﬂnections where all the programmed
connections are tﬁrough the use of three different sets of buses in
a channeled architecture. The coarse grain cell (called a

15  Configurable Logical block or CLB) contains both RAM-based logic
table look up combinational logic and flip flops inside the CLB
where a user defined logic mﬁst 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

20  similar types of simple logic function inside each cell. The
interconnection scheme is through direct neighbor and directional
bus connections. U.S. Patent Numbers 4,700,187 and 4,918,440
defined a more complex logic function cell where an Exclusive OR
and AND functions and a register bit is available and selectable

25  within the cell. The preferred connection scheme is through direct



in an on-chip nenory. The configuration programis | oaded

automatically froman external nmenory upon power-up, on conmand, or
programmed by a m croprocessor as part of system 15 initialization.

The concept of FPGA was sumarized in the sixty's by M nni ck who
described the concept of cell and cellular array as reconfi gurabl e
devices in the follow ng docunents: Mnni &, R C and Short, R'A.,
"Cel lul ar Li-near-| ngut Logic, Final Report,"” SRl 20 Pr oj ect 4122
Contract AF 19( 628 hogcorsteatibns. dUse obhi-direction busesgs counestiongnl o Par k,
California, AFCRL 64-6, DDC No. AD 433802 (February 1964); M nni ck,
R C., "Cobweb CeWers alsoapcluged.” Proceedi ngs AFI PS 1965 Fal | Joint .

Co uter Conf er ence, 327-341 (19 M nni ck,
RC et al. . “collul a&“ﬂ&@F%PGPQ??ChW‘ﬁEV hﬂépg‘fz‘r" %'°§RPmF’Paoﬁ 6@%338087

Contract AF 19( 628(%1 g ate embodied by the low level of circuit utilization given

5  the vast number of transistors available on chip provided by the

manufacturers. Circuit utilization is influenced by three factors.
The first one at the transistor or ﬁﬁe grain cell level is the
function and flexibility of the basic logic element that can be
readily used by the us_érs. The second one is the ease in which to’

10 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 design efficiently. The fine grained cell architectures
such as those described above, provided easily usable and flexible

15  logical functions for designers at the base logic element level.

However, for dense and complex macro functions and chip

level 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

20 can be very expensive in terms of silicon area. - As a consequence,
in fine grained architecture design, most of the celis are either left
unused due to inaccessibility, or the cells are used as interconnect
wires instead of logic. This adds greatly to routing delays in |
addition to low logic utilization, or excessive amount of routing

25  resources are added, greatly increasing the circuit size. The coarse



4 Stanford Research Institute, Menlo Park, California, AFCRL 66-613,
(April 1966); and Mnnick, R C, "A Survey of Mcrocellular

Research,” Journal of the Association for Conputing Machinery, Vol .
14, No. 2, pp. 203-241 (April 1967). In addition to nmenory 5 based
.(e.g., RAM based, fuse-based, or antifuse- based ) neans of enabl i ng
I nt erconnects between devices, Mnnick al so i scussed bot h direct
connecti ons between nei hborlng cells and use of busi ng as anot her
routing techni quegrarrh@rcgrtccrtur@co;gpl@bwnh@mems:veuroutm° busesmllowsSynt hesi s of
Logi ¢ Function on,an Array of Integrated 10 Circuits," Stanford Research
Institute, Menlo sp:gmﬁca@mprovexmms,fg&wnals connecting outputs of a CLB

to inputs of other CLBs. The utilization at the CLB interconnect
level is high. However, the difficulty is the partitioning and
5 mapping of complex logic functions so as to exactly fit into the
CLBs. If a part of logic inside the CLB is left unused, then fhe
utilization (effective number of gates per ﬁnit area used) inside
the CLB can be low.
Another problem with prior art FPGAs i.s--due to the fact that
10 typically a fixed number of inputs and a fixed number of outputs
are provided for each logic block. If, by happenstance, all the
outputs of a particular logic block is used up, then the rest of that
logic block becomes useless. o
'I‘heréfore, there is a need in prior art FPGAs for a new
15  architecture that will maximize the utilization of an FPGA while
minimizing any impact on the die size. The new architectﬁre
should provide flexibility in the lowest logic element level in
| terms_of functionality and flexibility of use by users, high density
per unit area functionality at thc‘macrq level where users can
20 readily form complex logic funcﬁons with the base logic elements,
and finally high percentage of interconnectability with a
hierarchical, uniformly distributed routing network for signals
connecting macros and base logic elements at the chip level.
Furthermore, the new architecture should provide users with the

25 flexibility of having the number of inputs and outputs for



AF 19(628) 2907, AFCRL 64-6, DDC No. AD 433802 (November 1965),

di scussed t-he use of conplenentary MOS bidirectional passgate as a
means of sw tching between two inter.connect |ines _ t hat can be
programed t hrough nenory means and adj acent 15 nei ghbori ng cel

i nterconnections. In Wahlstrom S. E., "Programmbl e Logic Arrays -
Cheaper by the MIlions," : El ectroni &, Vol. 40, No. 25, 11, pp.

90- 95 (Decenber 1967), a RAM based, reconfigurable Iggic array of a
t wo- di mensi onal jadiv@dual logical libck Bestlectableand programmeith 4@ e ct .

connections between adjacent 20 cells and a netégéé of. data buses is

descri bed. scalable arcBhieatpre R accommegase aIAREDHP A S Logic Arrays, "
Ph. D. di ssertation, Carnegie-Mllon University, Pittsburgh, PA (March
1970), discussed programmable cellular |ogic arrays and reiterates

many of the sanme concepts and term nol ogy of Mnnick .25 and
recapitulates the array of WAhl strom In Shoup's thesis, the



5 concept of neighbor connections extends fromthe sinple 2-input
1- out put nearest-nei ghbor connections to the 8-nei ghbor 2-way

connections. Shoup further described use of bus as part of the

i nterconnection structure to inprove the power and flexibility of 5 an
array. Buses can be used to route signal s over distances too | ong,
or in inconvenient directions, for ordinary%nei ghbor connecti ons.

out oi do {ne ar raybubvARY o TEB INVERTIAR' U5 bt ent Nanber 4. 020, 469
discussed a progr amb’i‘ﬁe Iln%%ier?t invention relates to an architecture of logic and
cmmaﬂmmdwmequgmﬁmwkkgkdmdmsmhmﬂmw
for field programmable gate arrays (FPGAs). The programmable
5 logic circuit is comprised of a number of cells which perform
digital functions on input signals. Depending on user'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
10  two-input one-output logic gates and one D flip-flop) 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 intraconnection lines, called Intraconnéction Matrix
(I-Mafrix), one associated with the output of each one of the four
15  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 \;\rithin the logical block (to extend the |
intraconnectioﬁ range). Inside each logical Block, there is an
20 associated set of access lines called Block Connectors (BCs). The
block connectors provide access to and connectability between thé
various cells of that same logical block. In other words, each input
and output of each of the cells of a logical block is capable of being

connected to a set of block connectors corresponding to that logical

25  block. With the judicious use of I-Matrix and block connectors



10 array that can program test, and repair itself. U S. Patent Nunber
4,870,302 introduced a coarse grain architecture wthout use of

nei ghbor direct interconnections -where all the progranmed connecti ons
are through the use of three different sets of buses in a channel ed
architecture. The coarse grain cell (called a 15 ° Configurable Logical

bl ock or CLB) contains both RAM based | ogit0 tabl e | ook up

conbi national logic and flip flops inside the CLB where a user
defined | ogi ¢ nuswithim thespes logical bloekf asettofsignals can be inteimiallyl e i nsi de t he
CLB. U S. Patent Number 4,935, 734 I ntroduced a sinple logic function
cel | defined as omarBed natheit using ary rasparces ppisidesthedogisalblogki c f uncti on

i nsi de each cell. The i nt erconnection sche is through direct
nei ghbor and di r edugegr of progranypable syatches ewsegﬁe.cowaﬁwﬁpﬂﬁdﬂoer s

4,700, 187 and 4,9 g 449{0 nnec dglti ned a nore conpl ex | o ico function cell
where an Excl usi \}é Bfpck connectary angi9 Be Fonnegied Qg% ) 'roeaggestt Xy bit is
avai | abl e andssel igﬁﬁébc\ln%/or outputs of the cells inside the logical block for
external 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 logical block are accessed or connected through block
10 connectors within the current logical block.
In order to route signals between the various logical blocks,
a uniformly distributed multiple level architecture (MLA) routing
network is used to provide connectability between each of the
~ individual sets of block connectors. Programmable switches are
15 | implemented to control which of the first level MLA routing
network lines are to be connected together. Additional
programmable switches are used to control 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
20  originating cell belonging to one logical block to be connected to a
desﬁ-natibn cell belonging to a different logical block. This can be
accomplished by connecting the originating cell through one or
more of its block connectors, onto the first level ML A, depending
on the distance, other level(s) of MLLA, and down through

25  descending levels of MLAs back to the first level MLA, and finally



25 within the cell. The preferred connection schenme is through direct

6 nei ghbor connections. Use of bi-direction buses as connections
wer e al so i ncl uded. Current FPGA technol ogy has a few
shortcom ngs. These probl ens are enbodied by the |ow | evel of
circuit utilization given 5 the vast nun‘&q of transistors avail able on
chip provided by the manuf acturers rcuit utilization is

| nfl uenced by th{h@Suilﬂﬂeoﬁlack connector 0¥t 'dg&ir]a%ﬁ d%? t’ﬂ?&r%ﬁ?ﬁﬁés'[ or or fine

grain cell |evel ion an eXIbiTTty of "t’he "basic |ogic

g;ggelna fAﬂf‘L hcanbt&k connectofLAH fidkt mﬂo{sm&%m fletwiR p8GRIRd one is the
interconnectability for an 8x8 cell array, called a block cluster.
In the present invention, larger cell arrays can be
5 interconnected by implementing additional levels of MLLA routing

networks. For example, connectability for a 16x16 cell array,
called a block sector, can be achieved by implementing a secor;d

- level of MLA routing network lines to provide connectability |
between the‘various first levei of MLA routing lines thereby

10  making connections between different block clusters. Each level
of MLA has a corresponding number of switches for providing
programmable interconnéctions of the routing network of that .
level. Additional switching exchange networks are used to

_ provide connectability between the various levels of MLAs.

15 In one embodiment, switches are used to provide
connectability between two 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.

20 In the present invention, all MLA routing network lines are
bi-directional. The switches are comprised of programmable bi-
directional passgates. For increased number of levels, drivers
may be necessary for providing the necessary switching speed for

driving the routing lines, passgates, and associated loads, etc. In -

25 one embodiment, switches are used to provide programmable



10 fofn1néaningfu| macro | ogic functi-ons using the first logic

el ements with m nimumwaste of circuit area. The last factor is t he
i nt erconnections of those macro |ogic functions to inplenment chip

| evel design efficiently. The fine grained cell architectures such
as those described above, provided easilﬁzusable and flexible 15 | ogi cal
functions for designers at the base | ogi C7el enent |evel.

However, for dense and conplex macro functions and chip | evel
routing, the i nconoesinkibity amopgsiowrioss seispiibleck eanneptiect a - | arge -

nunber of signals from output of cel| to the input(s) of ot her
cells can begquipeqdwo’é&lﬁébﬂ&héﬁ,cara awa&m@%&eﬁé‘i%uz ces 20 can be
very expensive in terns qf silicon.area. As a _conse e in fine
gr ai ned ar ohi t ¥ %@"HB%%H?“W& 15y SREDES, AKIoR REt O LG Tirss
unused due to i [ TI I V2 L onnect
W res instead O?Qfeﬁ&??fﬂ%ﬁi’E%g&%@erﬁ?_gg‘gﬁék%pocage?uﬁﬁlgg@zll%\@?i{)ﬁ

5 MLAs.



addition to low logic utilization, or -excessive anount of routing 25
resources are added, greatly increasing the circuit size. The coarse

7 grain architecture coupled with extensive routing buses allows
significant inprovenents for signals connecting outputs of a CLB . to
i nputs of other CLBs. The utilization at thgy CLB interconnect | evel

I's high. However, the difficulty is the partitioning and 5 mappi ng of

conpl ex logic functlons so as to exactly fit |nto t he CLBs. If a
part of |ogic inBRIER BESCRIPTIONGOF T 3 NATS t he utilization
(effective nunber of gates per _unit, area used) inside the CLB can be
| ow. € present invention is illustrated by way of example and

not by way of limitation, in the figures of the accompanymg
drawings and in which like reference numerals refer to similar
5 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 shows one example of an individual cell.

10
Figure 2B shows another example of an individual cell. -
- Figure 3A shows a logical cluster.
15 Figure 3B shows the extension of I-matrix intraconnections
of a logical cluster to a neighboring logical cluster.
Figure 4A shows an example of a logical cluster with
vertical block connectors. |
20

Kigure 4B shows an example of a logical cluster with

horizontal block connectors.



Anot her probl em'vvi-th prior art FPGAs is due to the fact that 10 typically

a fixed nunber of inputs and a fixed nunber of outputs are provided
for each logic block. If, by happenstance, all the outputs of a
particular logic block is used up, then the rest of that | ogi ¢ bl ock
beconmes usel ess. Therefore, theng is a need in prior art
FPGAs for a new 15 architecture that will maxim ze 'the utilization of an
FPGA whi l e m ni m gj ' B [ o2& &1ne
architecture shourgﬂgre?\}?/aﬂé@?g%ﬁf’ﬁ@éclﬁ“ﬁs?‘ﬁéec@é\?\gﬁ Ilrlg‘\(f:;(iLcA el enent
level in t er gictahgé uBGh ok abidcyatéd difhl £10giddl blockainduseelby users,

hi gh density per unit area functionality at the macro | evel where
users can 20 r eadMIyA frorpasiaapl ex 1 ogic functions with the base |ogic

el enent s, and finally high percentage of interconnectability with a

hi erarchical, uniformly distributed routing network for signals
connecting macros and base logic elenents at the chip |evel.
Furthernore, thé new ar chiguretlt shanvalevepd MMLdetume @otitwi t h t he 25
flexibility of having the nunber of inputs and outputs for

Figure 5C shows an exchange network.

Figure 6 shows the routing network for a block cluster.

10
Figure 7A shows the block diagram of a block sector. .
Figure 7B shows a Iev;:l 1 to level 2 ML A routing exchange
network. .
15

Figure 8A shows a sector cluster.

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

network.



I ndi vi dual | ogical block be sel ectable and programmabl e, and a scal able
architecture to accommopdate a range of FPGA sizes.

9 SUMVARY OF THE | NVENTI ON . The present invention rel ates
to an architecture of |ogic and

: 15
DETAILED DESCRIPTION

An architecture and interconnect scheme for programmable
logic circuits is described. In the following descripti_on,. for
pgrposes of explanation, numerous specific details are set forth,

5 suchas combi_nation;al logic, cell configuration, numbers of cells,
etc., in order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the art
that the present invention may be practiced without these specific
details. In other instances, well-known structures and devices are

10 - shown in block diagram form in order to avoid unnecessarily
obscuring the present invention. It should also be noted that the
present invention pertains to a variety of processes including but
not limited to static random access memdry (SRAM), dynamic.
random aécess memory (DRAM), fuse, anti-fuse, crasabl_e'

15  programmable read only memory (EPROM), electrically erasable
programmable read only mefnory (EEPROM), FLASH, and
ferroelectric processes.

Referring to Figuré 1, a block diagram of a field programmable
gate array logic upon .which the present invention may be

20  practiced is shown as 100. The /O logical blocks 102, 103, 111
and 112 provide an interface between external package pins of
the FPGA and the internal user logic either directly or through the
I/O to Core interface 104, 103, 113, and 114. Four interface
blocks 104, 105, 113, and 114 providc decoupling bctwcen. core -

25 106 and the 1/O logic 102, 103, 111, and 112. Core 106 is



connection schene for programmable logic circuits, such.-as those for
field programmabl e gate arrays (FPGAs). The progranmable 5 l ogic circuit
is conprised of a nunber of cells which perform digital functions on
i nput signals. Depending on user's specific design, certain cells are
programmably interconnected to a particul ar configuration for
realizing the desired |ogic functions. 16 In the currently
preferred enbodi ment, four logic cells (four 10 two-input one-out put

| ogi ¢ gates and comeprised ofpe ftmpyr 6belustgrs 107 whighorye daracangseiedl (i.e. a 2x2
cell array) and four sets of clusters form a .l ogi cal ?}lro ck (i.e. a
4x4 cel |l array) .byw-Matnixddtnans interepnnectst by MLA routing geg»équ %fi ve

i ntraconnection lines, called IntracopnectjQn Matri X -Matrix), one
associated with the OG?%‘PI/WP%%{EW‘%E’%‘FHbﬁéS g5 to cpgtrol 6lét°g£heand the D

flip-flop that is connectable.to,the cells.

. th .
Wt hin each Iogil?,’-f‘;ﬁ %I%Q&ﬁaﬁ{rﬂ‘é’glthﬁ/ﬁ’t‘ﬁ'gm?jo%to{(ﬁlﬂéseg%%aml'fusgto??‘irljssﬁ er can be
extended to an adlACSBhy high BitabblcBHER: & HPAEHR Either zap or

connect a fuse. For EEPROM, Flash, or ferroelectric technology,

there is an erase cycle fdllowed by a programming cycle for
programming the logic states of the memory bits. In order to
minimize skewing, a separate clock/reset logic 110 is used to

10  provide clock and reset lines on a group basis. |

In the currently preferred embodiment, each of the clusters
107 is comprised of a 2x2 hierarchy of four cells, called a logical
cluster. Figures 2A and 2B show examples of individual cells 200

and 250. Cell 200 performs multiple logic functions on two input

15  signals (A and B) and provides an output signal X. Inthe
currently preferred embodiment, cell 200 is comprised of an XOR
gate 201, a two-input NAND gate 202, and a two-input NOR gate
203. It should be noted, however, ihat in other embodiments, cell
200 can include various other types and/or combinations of gates.

20  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
directly to the data input D of the D flip flop gate 204 by
activating switch 218. The data input D can be accessed as a

third input of the combined cell 250.



to formconnections within the |ogical block (to extend the

I ntraconnection range). Inside each |ogical block, there is an 20
associ ated set of access lines called Block Connectors (B Cs). The

bl ock connectors provide access to and connectability between the
various cells of that sanme |ogical block. In other words, each input

and out put of each of the cells of a |ogicdl7 block is capable of being
connected to a set of block connectors corresponding to that |ogical 25

bl ock. Wth the jFadhofthestweinpit signebs Ajanddhdnd the R 18puneicP dtip-flop
1o weh 'nc:t«,u? %esir?\gfﬂgdogri r‘fgrll-inlve?t%lé,’ deapeiggngqgn tslliegsrt]zﬁlezg o%an be internally
switches 206-211. Activating switches 206, 208 and 210 causes
signals A, B and D to be driven by drivers 212-214 to gates 201-
5 204 in anon-inverted fashion. Activating switches 207, 209, and
211 causes the input signals A, B and D to be inverted by
inverters 215-217 before being passed to gates 201-204. The six
switches 212-217 can individually be turned on .and off as
programmed by the user.

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

- Three switches 219-221 are respectively coupled to the

15 outputs of the three gates 201-203. Again, these switches afe
programmable by the user. Theréby, the user can specify which
of the outputs from the gates 201 -203'i's to be sent to driver 224
as the output X from cell 200. ,

The aforementioned switches 206-211; 218221 are

20 comprised of bi-directional, program-controlied paSsgates.
Depending on the state of the control signal, the switches are
either conducting (i.e. passes a signal on the Iiné) or non-
'cond'ucting (i.e. does not pass the signal on the line). Switches

mentioned in the following sections are similarly comprised of -

25 program-controlled passgates.



connected w thout using any resources outside the |ogical block. A -

nunber of programmbl e switches are used to control whi.ch of t he-

bl ock connectors are to be connected together to a set of 5 i nput s
and/ or outputs of the cells. inside the |ogical block for ext er nal
access connecting to signals outside the current |ogical bl ock. In
ot her words, the input and/or output pipg inside a | ogi cal bl ock
that are to be externally connected outside of the current | ogical
bl ock are accessed dRefentingeiosd té Figirgl3Aylacivigical QlusearitZcisahowm.t hi n t he
current | ogical block. In order to route signals between the

vari ous | ogi callnbthecksrently prefearedr&rhthChiWEIm bngi¢dd wlesdenidZ ipl e | evel .
architecture (M.A) routi n? etwork is used to gr ovi de connect ability
bet ween each ofcopprised of Oqfrﬁﬁn\’ilat%é‘}M%Eisa b flip-der SQortmeantpfiyve

evel LA 1 out StBiches S6ni3aand e GEEPRES UL IoET SISy [l her .
Addi ti onal 5 flop 305 and cell 304 form a cell 361, such as cell 250 described
with respect to Figure 2a. The Intraconnection lines 331-335 and
switches 306-330 form the I-Matrix. I-Matrix provide
connectability of the 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
10  each of the other three cells and the D flip-flop. For example, the-
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. Qutput X of cell 301 can be co'nnectéd to input A of cell
15 304 by enabling switches 306 and 308. Output X of cell 301 cén 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
20 X from cell 302 can be connected to input A of cell 303 by enabling
switches 311 and 315. The output X from cell 302 can be
| 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
25 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



programmabl e swi

connectors are to be connected to specific first level MA routing
| ines. For exanple, the switches can be progranmed to allow an 20

originating cell
destination cel
acconpl i shed by

of its block connectors, onto e fi evel .« dependj
di stance, other % n@sS)WIH?r Cﬁ/@h ﬁc]{éo & PHBY fr%ceng’dggg‘aﬁldi ng

of- MLAs back to

tches are used to. control which of the bl ock

bel onging to one | ogical block to be connected to a
belonging to a different |ogical block. This can be

connecting the originatiiag cell through one or

nor e
on the
| evel s

he f
t he bl ock connecﬁ’%gorglf r‘:?eﬁje Ogl\é/’gf’f ﬁL{? CSﬂ%gml tryngnﬁ%lrnggwnchﬁs 326and M ough

10

15

20

25

329. Output X of cell 303 can be connected 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 switches 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 outbut X from cell 304 can
be connected to input 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 respect to cell 303, its output is conncétable tothe 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.

In the currently preferred embodiment of the present
invention, each logical cluster is connectable to all the other logical
clusters inside each logical block through passgate switches

extending the [-Matrix from neighboring clusters inside each



bl ock connectors and first |evel aof MA routing network provide
I nterconnectability for an 8x8 cell array, called a block cluster

In the present

nvention, larger cell arrays can be 5 -interco

nnect ed by

i mpl enenting additional |evels of MLA routing net wor ks. For exanpl e,
connectability for a.16x16 cell array, called a block sector, can be
achi eved by inplenenting a second | e¢@l of M.A routing network |ines
to provide connectability between the various first level of MA
routing |ines thérgbal black. Figaké BB ilosmases therescténsiowehl-M4tfisr ent bl ock
clusters. Each |evel . of MA has a correspondi ng nunber_of sw tches
for providing intracoppegjicmiiegs 33 1i-332 ot theredlsidN 3%k andhker3dliPng net wor k
of that | evel . Additional sw tching exchange networks are used to
provi de connect abiPi30p e lpgisal chister 07404 nedgloring logjcal clustes I'n

one enbodi nent,

5

10

15

20

25

%\47 tt}?rrcl)%sgh atl{lee pgssé?ggtets?wiPcrhg\s/ 5%8-355' within the same
logical block.

In the cdrfently preferred embodiment of the present
invention, each logical block is connectable to all the other logical
blocks of the FPGA. This is accomplished by implementing an
architecture with multiple layers of interconnections. Itis
important to note that this multiple layers roﬁting architecture is
a conceptual hierarchy, nota process or technology hierarchy and
is hence readily implementable with today'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 'cell.s).

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 extended I-Matrix and/or block
connectors. Again, programmable bi-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



connectability between two different sets of block connectors. -
Mor eover, switches can be included to provide connectability bet ween

different sets of MLA routing lines of a particular |evel of M_As.
This provides for increased routing flexibility. 20 In the present
invention, all MA routing network |ines f\re bidirectional. The
switches are conprised of programmbl e bf directional passgates.

For increased nunber of |evels, drivers may be necessary for
providing the neg@isteaés/a&vusbdlm pepvigheeskrs odith the capatdliiyvofgledtimgr out i ng

| i nes, passgates, and associated |oads, etc. In 25 one enbodi nent,
switches are usesvhich pf thei inieclpcogn@;m’ralar@to be connected. Consequently,
+2 a first logical block from one set of logical block groups is
connectable to a second logical block belonging to the same group.
5 The appropriate switches are enabled to connect the block
connectors of the first logical block to the routing lines of the level
1 MLA rouﬁng network. The appropriate 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
10 lines of the level 1 MLA routing network. The appropriate
switches are enabled to connect the routing lines of the level 1
MLA routing network that connected to the block connectors of
the first and the second logical blocks. Furﬂlennore, the user has
the additional flexibility of programming the various switches
15  within any given logical block to effect the desired |
intraconnections between each of the cells of any logical block.
The next level of connections is feferrcd to as the "level 2
Multiple Level Architecture (MLAY" routing network. The le\)el 2
MLA provides the interconnections to the various level 1 MLA to
20 . effect access and connections of a block cluster. Again, bi-
directional passgate switches are programmed by the.user to
effect the desired connectioné. By implementing level 2 MLA

routing network, programmable interconnections between even

larger numbers of logical blocks is achieved.



connectability anongst various sets of bl ock connectors. Addi ti onal

switches can be inplenented to provide programmabl e connectability
anongst various sets of the first | evel of MLA. This schene can be
repeated for higher levels of 5 MAs. _

13 BRI EF DESCRI PTI ON OF THE DRAW NGS - The present

I nvention is illustrated by way of exanplz2 and not by way of
limtation, in the figures of the acconpanyi ng drawi ngs and i n which

li ke reference nuneralfddigoral leels ofiMIaf rouinghetwenkscambe i n whi ch:
| implemented to provide programmable interconnections for ever
inéreasing numbers and groups of logical blocks, block clusters,
block sectors, etc. Basit:aliy, the present invention takes a three
5 dimensional approach for implementing routing. Signals are
routed amongst the intraconnections of a logical block. These
signals can then be accessed through block connectors and routed
according to the programmed connections of the block connectors.
If needed, signals are "elevated” to the level 1 MLA, routed
10  through the level 1 MLA routing network, "de-elevated"” to the
appropriate block connectors, 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
15 network line 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 to a Level 1
MLA routing network line. Thereupon, the signals are ;fde-
elevated” a second time to pass the signal from the level 1 MLA to |
20  the appropriate block connectors of the destination logical block.
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

25 count.



Figure 1 is a block diagramof a field programmabl e gate | array logic

upon which the present invention nmay be practiced. Fi gure 2A
shows one exanple of an individual cell. 10 Fi gure 2B shows
anot her exanpl e of an individual cell. Fi gure 3A shows a

| ogi cal cluster. 15 Figure 3B shows the extension of I-matrix

I ntraconnecti ons of a logical clugser to a neighboring | ogical
cluster. Fi gure 4A shows an exanple of a logical cluster with
vertical block conne&igurs.4A 8lows an example of Flogivak ciBtegtamdghan exanple of a
| ogi cal cluster with hori zontal bl ock connectors.

associated vertical block connectors within the logical block. In
the currently preferred embodiment, each cell in a logicai cluster
is accessible from the input by two vertical block connectors and
5 each output 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)

10 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, 459 respectively.
Input A of cell 302 is accessible to the vertical block connectors

| 453 (BC-V21) and 455 .(BC¥V31) through switches 463, 464

15  respectively, input B of cell 302 is accessible to thé vertical block
connectors 454 (BC-V22) and 456 (BC-V32) through switches 469,
470 tespectively, output X of cell 302 is accessible to the vertical
block connectors 452 (BC-V12) and 457 (BC-V41) through
switches 461, 465 respectively. Input A of cell 303 is accessible

20 tothe vert.ical block connectors 451 (BC-V11) and 453 (BC-VZI)
through switches 485, 476 respectively, input B of cell 303 is
accessible to the vertical block connectors 452 (BC-V12) and 454
(BC-V22) through switches 480, 476 respectively, output X of cell
303 is accessible to the vertical block connectors 455 (BC-V31) B

25 and 458 (BC-V42) through switches 472, 471 respectively. The



14 Fi gure 5A shows the eight block connector to level 1 MA

- exchange networks associated with a logical block and |evel | M_A
turn points. 5 Figure 5B shows a level 1 M.A turn point.
Fi gure SC shows an exchange net work. Figure 6 shows the
routing network for a block cluster. 10 Fi gure 7A shows the

bl ock di agram of a bl ock sector. 24

input A of cell 304 is accessible to the vertical block connectors
453 (BC-V21) and 455 (BC-V31) through switches 477, 478
respecfively, input B of cell 304 is accessible to the vertical block
connectors 454 (BC-V22) and 456 (BC-V32) through switches 482,
5 484 respectively, output X of cell 304 is accessible to the vertical
block connectors 452 (BC-V12) and 457 (BC-V41) through
switches 475, 474 respectively. D flip-flop cell 305 input is !
accessible to the vertical block connectors 454 (BC-V22) and 455
{BC-V31) through switches 473, 479 respectively, output X of cell
10 305 is accessible to the vertical block connectors 452 (BC-V12)
and 457 (BC-V41) through switches 483, 486 respeftively. |
In similar fashion, Figure 4B shows the pb’ééible connections
corresponding to horizontal block connectors and the logical. |
~ cluster shown in Figure 4A. Input A of cell 301 is accessible to
15  the horizontal block connectors 402 (BC-H12) and 404 (BC-H22)
through switches 409, 413 respectively, input B of cell 301 is
accessible to the horizontal block connectors 401 (BC—HI 1) and
403 (BC-H21) through switches 415, 416 respectively, output X of
cell 301 is accessible to the horizontal block connectors 405 (BC-
20 H31) and 408 (BC-H42) through switches 421, 428 respectively.
Input A of cell 302 is accessible to the horizontal block connectors
402 (BC-H12) and 404 (BC-H22) through switches 411, 414
respectively, input B of cell 302 is accessible to the horizontal
block connectors 401 (BC-H11) and 403 (BC-H21) through i

25  switches 433, 417 respectively, output X of cell 302 is accessible



'Figure 7B shows a level | to level 2 MA routing exchange - network.

15 Fi gure 8A shows a sector cluster. Fi gure 8B
shows a level 2 to level 3 MA routi ng exchange net wor K.

15 DETAI LED DESCRI PTI ON An architecture and interconnect
scheme for programable logic circuags is described. In the .

foll ow ng description, for pur poses of explanation, nunerous .

specific details are set forth,
to the horizontal block 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 switches 419, 426 respectively, input B of

5 cell 303 is accessible to the horizontal block connectors 403 (BC-
H21) and 405 (BC-H31) through switches 420, 425 respectively, |
output X of ;:éll 303 is accessible to the horizontal block connectors
402 (BC-H12) and 407 (BC-H41) through switches 410 427
respectively. The input A of cell 304 is accessiSle to the

10 horizontal block connectors 404 (BC-H22) and 406 (BC-H32)
through switches 422,430 r_eépectively,- input B of cell 304 is
accessible to the horizontal block connectors 403 (BC-H21) and
405 (BC-H31) through switches 423, 429 respectively, output X of
cell 304 is accessible to the horizontal block connectors 402 (BC-

15 H12) and 407 (BC-H41) through switches 412, 434 respectively. D
flip-flop cell 305 input is accessible to the horizontal block
connectors 403 (BC-H21) and 406 (BC-H32) through switches 436,
431 respectively, output X of cell 305 is accessible to the
horizontal block connectors 401 (BC-H11) and 408 (BC-H42)

20 through switches 432, 435 respectively.

Figures 4A and 4B illustrate the vcrucal and horizontal
block connectors accessing method to the upper left (NW) logical
cluster inside a logical block in the currently preferred .
embodiment. The lower left (SW) cluster has the identical

25  accessing method to the vertical block connectors as those of the



5 such as conbinational logic, cell configuration, nunbers of cells,
etc., in order to provide a thorough understanding of the present
invention. It will be obvious, however, to one skilled in the art

that the present invention may be practiced w thout these specific
details. In other instances, well-known structures and devices are 10
shown in block diagramformin order to Z&o0id unnecessarily

obscuring the present invention. It should also be noted that the
present inventi dNWelussirnsTheoupper aighe (NE) tlystesdes sssilamascasiing but

not limted to static random access nennry_éﬁfAN@, dynam c random
access menory (DReijod toubese aiwhie INWselusisr a4BpIespect 10 theyygggeahmabl e r ead

O oSt S5 el (UKL ©20 oY
Referring to Figur e dis iffed fnd VaHAMbR ko SrdUs1U ST TR LE
5 viewed as chained together as a cylinder (451, 452, ..., 458). Any
shift, say by 4, forms a new sequence: (455, 456, 457,458, 451,
452, 453, 454). Instead of starting with vertical block connectors
451 and 453 accessing by cell 301 in the NW cluster as illustrated
in Figures 4A, the cell 301 in the NE cluster is accessible to VBCs
10 455 and 457. The numbering is "shifted" by four. The access
labeling of the lower right (SE)' cluster to the VBCs is identical to
those of NE cluster.
Siinilarly, the horizontal bldck coﬁnectors access to the NW
cluster is identical to those of the NE cluster and the SW éluster is
15  identical to the SE cluster while the horizontal block connectors
access to the SW cluster is shifted by four compared w1th those of
NW cluster. _
In tﬁe currently prefenea embbdiment, sixteen block
connectors are used per logical block (i.e. four clusters, or a 4x4
20 cell array). Adding a level 1 MLA routing network allows for the
qbnnectability for a block cluster (ah 8x8 cell array). Adding level
2 MLA routing network inéreases thé connectability to a block
sector (16x16 cell aﬁay). Additional levels of MLA routing
network increases the number of block sectors by factors of four

25  while the length (or reach) of each line in the MLA routing



gate array | ogic upon which the present invention may be 20 practiced is

shown as 100. The 1/0O | ogical blocks 102, 103, 111 and 112 provide
an interface between external package pins of the FPGA and the
internal user logic either directly or through the /O to Core
Interface 104, 105, 113, and 114. Four interface bl ocks 104, 105,

113, and 114 provi de decoupling bet weenZdore 25 106 and the I/O logic
102, 103, 111, and 112. Core 106 is ' :
16 conpr i sedvofk increasteby fictarks w ttens THenwhbethofaostinglings onnect ed
by I-Matrix 101 and interconnected by MA routin netvvork 108. -

Cont r ol / pr ogr amm the lewvgl 2 MDA is dnarsasgditry %fﬁﬁ@b@ W9; syFcetthe

number of block sectors increased by a factor of four, on a per
unit area basis, the number of routing lines in the next level of
5 hierarchy actuélly decreases by a factor of two.

Figure 5A shows a logical block with associated sixteen block
connectors and level 1 MLA routing lines associated with the
logical block. The sixteen block connectors 501—516 are depicted .

" by heavy lines whereas the sixteen level 1 MLA routing network

10  lines 517-532 are depicted by lighter lines. Note that the length

or span of the block connectors terminates within the logical block

* while the length of the level 1 MLA routing network lines extends
to neighboring logical blocks (twice the length of the block
connectors). . |

15 Both block connectors and level 1 MLA routing network

- lines are subdivided into horizontal and vertical groups: vertical
block connectors 501-508, horizontal block connectors 509-516,
vertical level 1 MLA routing network lines 517-524, and

horizontal level 1 MLA routing network lines 525-532.

20 In the currently preferred cm'bodiment, there are twenty
four level 1 MLA turn points for the sixteen level 1 MLA routing
network lines within the logical block. In Figure 5A, the twenty
four turn points are depicted as clear dots 541-564.

A MLA turn point is a programmable bi-directional passgate for

25 providing connectability between a horizontal MLA routing |



bits for programm ng the bit and word lines. For anti-fuse or fuse 5
technol ogy, high voltage/current is applied to either zap or connect
a fuse. For EEPROM Fl ash, or ferroelectric technol ogy, there is an
erase cycle followed by a progranm ng cycle for programm ng the | ogic
states of the nenory bits. In order to > m nimze skewi ng, a separate
clock/reset logic 110 is used to 10 pro%ide clock and reset lines on a
group basi s. In the currently preferred. enbodi nent, each of
the clusters netwotlo fine and arvsrriicd MbA wpuping netveedylingy Bor four cel I's,
called a | ogical cluster. Figures 2A and 2B show,exanpl es of

i ndi vi dual cel | sxaotple, enablingdeveigol tym Boent ¥l causeS WS ti pl e | ogic

X in the - haracsaligvel thEA studt skl o OB ARS0G TRAdS IR | sed of an
xR gate ZIO%ALR rto\tljvtolﬁjg rr‘x%yvsorll\cmf%% o bzeoc%meac%%ngctteME)é&H&t. NOR gat €
5  Figure 5B shows level 1 MLA turn point 541. Switch 583 controls
whether level 1 MLA routing network line 526 is to be connected
to level 1 MLA routing network line 520. If switch is enabled,
then level 1 MLA routing network line 526 is connected to level 1
MLA routing network line 520. Otherwise, line 526 is not - |
10  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
15  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 MLLA exchange networks 533-540 for each logical block.
20 These exchange networks operate to connect certain block
conneétors 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 MLLA routing exchange network has
eight drivers 575-582. These eight drivers 575-582 are used to

25  provide bi-directional dri?e for the block connectors 501, 502 and



203. It should be noted, however, that in other enbodinents, cell 200
can include various other types and/or conbinations of gates. 20 Cel

250 is conprised of cell 200 coupled with a D flip flop cell 260.
The output X of cell 200 can be programmed to connect directly to
the data input D of the Dflip flop gate é%4 by activating switch
218. The data input D can be accessed as third input of the

conbi ned cel | 250.
Each of the two denslil Midnkines N %3d 8B Fongxamplopenapling switeh H09p-f1 op
can be inverted or non-inverted, depending on the states of. Swi t ches
206-211. Acti vat CAéseshe sigeal omblockgenagrional tubedgven %y driver

575 onto the level 1 MLA line 517. Enabling switch 566 causes

the signal on level 1 MLA line 517 to be driven by driver 576

5 onto the block connector 501. | Enabling switch 567 causes the

signal on block connector 501 to be dri;/en by driver 577 onto the

level 1 MLA line 518. Enabling switch 568 causes the signal on

level 1 MLA line 518 to be driven by driver 578 onto the block

connector 501.

10 . Similarly, enabling switch 569 causes the signal on block
connector 502 to be driven by driver 579 onto the level 1 MLA
line 517. Enabling switch 570 causes the signal on level 1 MLA
line 517 to be driven by driver 580 onto the block connector 502.
Enabling switch 571 causes the signal on block connector 502 to

15  be driven by driver 581 onto the level 1 MLA line 518. Enabling

| switch 572 causes the signal on level 1 MLA line 518 to be driven
by driver 582 onto the block connector 502. Switch 573 is used
to control whether a signal should pass form one block connector
501 to the adjacent block connector 584 belonging to the adjacent

20 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

25  block cluster is basically comprised of four logical blocks which



signals A, B and Dto be driven by drivers 212-214 to gates 201- 5 204
in a non-inverted fashion. Activating switches 207, 209, and 211
causes the input signals A, B and Dto be inverted by ‘inverters:
215- 217 before being passed to gates 201-204. The six Swi tches
212-217 can individually be turned on and off as programed by the
user. 10 Note that the XOR gate3é)01, NAND gate 202, and NOR gate
203 can al so be used to perform XNOR, AND and OR by propagating the
out put signal t ccanhse ineertostenys] bywterletgl t ML A exchanggingtwdrksan be i nverted
as di scussed above. Three switches 219-221 are respectively
coupl ed to the 333-540uittansbeseeniihatithereargtiny-tpolevdd MlgAin, these
switches are _ programmabl e by the user. Thereby, the user can specify
whi ch of ToMEngmehuerk inesm t he gates 201-203 is to be sent to driver

224 as the output from I e
- igure s%owcsetl-ne blzo(c):g diagram for a block sector. The

5 . Block sector is comprised of four block clusters 701-704. As
discussed above, the block clusters are interconnected by bloc_k
connectors and level 1 MLA routing network lines. In addition,
the b.lock sector is also comprised of sikty—four level 2 MLA
routing network lines and sixty-four level 2 to level 1 cxchahge

10  networks to provide connectability between level 1 MLA routing
network and level 2 MLA routing network. The level 1 tolevel 2
MLA routing exchange networks are depicted by rectangles in
Figure 7A. Furthermore, there are forty-eight level 2 MLA tumn
points associated with each of the four logical blocks within the

15  block sector. Consequently, there are one hundred and ninety-
two level 2 MLA turn points for the block sector.

Figure 7B shows a sample level 1 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

20 709 and level 2 MLA line 708. Switch 711 is used to control
whether a signal should pass between level 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 i gnal should

25  pass between level 1 MLA line 706 and level 2 MLA line 707.



The aforenenti oned sw tches 206-211, 218-221 are 20 conpri sed of

bi -directional, programcontrolled passgates. Dependi ng on the state
of the control signal, the switches are ei ther conducting (i.e.
passes a signal on the line) or non- conducting (i.e. does not pass
the signal on the line). Sw tches mentioned in the foll ow ng
sections are simlarly conprised of 25 pragram control | ed passgates.

18 Referring now to Figure 3A, a logical cluster 107 is shown.

In the currently grafcr7edisaiseadd soimirol Wheherd sighalsshenldlpdssiferm
conprised of four cells 301-304 and a D flip-flop 305, twenty five
one level 1 MLA line 709 to the adjacent level 1 MLA line ¥16
belonging to the adjacent block cluster. Likewise, switch 715 is
used to control whether a signal should pass form one level 1
5  MLA line 706 to the adjacent level 1 MLA line 715 belonging to
the édjacent block cluster.

Figure 8A shows a sector cluster. The sector cluster is
comprised of four block sectors 801-804 with their associated
block connectors, level 1, and level 2 MLA routing network lines

10  and exchange networks. In addition, there are one hundred and
twenty-eight level 3 MLA routing neiwork lines, providing
connectability between the level 2 MLA lines that belong to
different block sectors 801-804 within the same sector cluster
800. There are ninety-six level 3 MLA turn points associated with

15 thelevel 3MLA lings for each of the block sector 801-804 (i.e.
three hundred and eighty-four total le\}éi 3 MLA turn points for
the sector ciuster). Furthermore, there are thirty-two level 2 to
level 3 MLA routing exchange networks associated with each of
the four block sector 801-804. Hence, there are total of one

20  hundred and t\;venty—eight level 3 MLA routing exchange network
for providing programmable.connectability between the various
level 2 and level 3 MILA lines.

Figure 8B shows an example of a level 2 to level 3 MLA |
routing exchange network 805l. It can be seen that enabling |

25 switch 810 causes a signal on the level 2 MLA line 808 to be



swi t ches 306-330, and five intraconnection lines 331-335. Dflip 5

flop 305 and cell 304 forma cell 361, such as cell 250 descri bed

with respect to Figure 2a. The Intraconnection |ines 331-335 and

switches 306-330 formthe I-Matrix. |-Matrix provide connectability
of the output, X of each of the four cell 5,301-304, and t he out put
X of the Dflip-flop 305 to at | east one input of 10 each of the other

three cells and the D flip-flop. For exanple, the out put X of cell

301 can be connectathected tophe levedB MEIA 1189806y Disabling sentebl§ 18y swi t ches 306

and 307. Likews
I nput B of cell

cell 301 can be
306 and 308. CQut
Dflip-flop cell
SSmlarly, the o
cell 301 by erbLab

10

15

20

25

e, the output X of cell 301 can be connect

ed to

3disconnestsatbeilevel AMleh dige 808 from the lexal3 MbBA lmg put X of

ted.to i npu 1

S@ﬁéiﬁmb%& swge*i%&ﬁﬁg%@geal sligna oeggééfgtyﬁégmlf’ﬁi ﬁgfa

swi t ches
t Dof the

ﬁ‘%f"bg@ g&g‘%ci’:%ﬁ(’ t§§é¢%§%@ﬁﬁﬁé@?‘e@qg®?ggg'SWit“ihnput A of

' $ MPaRELASDES it tvAYME R 1inl B8 HER e tevel 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 switch 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 sector clusters which
are connected by additional levels of MLA routing networks with
the corresponding MLA turn points and exchange networks; ..

In one embodiment of the present invéntion; 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 arelexamples
of four different sets of I-Matrix line extension switches. This
provides further flexibility by providing the capability 6f routing
a signal between two adjacent clusters without having to be

routed through the use of block connectors.



200 X fromcell 302 can be connected to input A of cell 303 by enabling
switches 311 and 315. The output X fromcell 302 can be connected to
i nput B of cell 304 by enabling switches 311 and 313. _ Qut put X of
cell 302 can be connected to input D of the Dflip-flop cell 305 by
enabling switches 311 and 314. 25 = Simlarly, the output X from
cell 303 can be connected to I nput 3B of cell 301 by enabling

swi tches 326 and 327. The output X fromcell 303 can be connected to
i nput A of cell 302 bySimilarly, block connectors can be extended to provide 19

enabling swi tches 326 and 328. The outﬁ%ut X fromcell 303 can, be
connected to i npuionsegRbyRy bebreemiyveadiBrenidlech ¢aestors belpaging to

two different logical blocks. Switch 573 of Figure 5C illustrates
such block connector extension connecting block connector 501 to
5 block connector 584 through switch 573. This provides further
flexibility by providing the capability of routing a signal between |
two adjacent logical blocks without having to be routed through
the level 1 MLA lines and associated MLA exchange networks.
- This concept can be similarly applied to the level 1 MLA lines as
10 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 capability of routing a signal between two adjacent
block clusters without having to be routed through the level 2

15  MLA lines and associated MLA exchange networks.

Thus, an architecture with an intraconnect and interconnect

20  scheme for programmable logic circuits is disclosed.



flip-flop cell 305 by enabling switches 326 and 330.

329. Qutput X of cell 303 can be connected to input D ”I”M”"

304, the output X fromcell 304 can be connected to |nput

301 by enabling switches 316 and 317. The out put X from ceII 304 can
be connected to input B of cell 302 by enabl|i THISSSHERTIESS By gnd 318.
The output X fromcell 304 can Be connected jto i nRBPLACEY cel || 303 by

enabl i ng swi tches Slg and 10 319. Qutput X of celT 304 can_bpe-
pr ogr ammabl y connect | nput D of the Dflip-flop cell TS“W\

enabling switch 218 jn Figure Wth rel§1 éetH@ngJ :
305, its output is ck\ﬂ??éc’ga%"l“g‘?do‘st he A i nput of cell ’ace‘i'

swi t ches 320 and 321; the B input of 15 cell 302 by enabll
and 322; the B input of cell 303 by enabling swtches

the A input of cell 304 b [ d 323; and the D
ot of el | 305 1 t bel A progranfRAhleIBgic ki ESmpASIS!

an input means for inputting a signal to said {
programmable logic circuit;

a plurality of cells coupled to said input means, each of said
cells capable of performing a digital function to said signal;

a first set of routing lines for coupling a plurality of cells to
form logical clusters of cells, wherein each output of .each of said
cells of each logical cluster can be programmably coupled to at
least one input of each of the other cells of said logical cluster,
each of said cells of said logical cluster is further programmably
coupled through the first set of routing lines to at least one input
of each of the other cells of other logical clusters of cells;

a second set of routing lines for coupling a plurality of

. logical clusters to form a logical block of logical clusters of cells,
wherein each input and each output of every cell of said logical
block can be programmably coupled to said second set of routing
linés; |

a first set of switcheé for coupling an output of one cell of a
first logical cluster to an input of at least one cell of said first
logical cluster by selecting one routing line of said first set of
routing lines associated with said first logical cluster;

a second set of switches for coupling outputs or inputs of
said cells of a first logical block to said routing lines of said

associated second set of routing lines, wherein said second set of



by enabling sw tches 320 and 324. It can be seen that each
out put of the cells 301-304 and of 20 the Dflip-flop 305 is connectable
to the input of each of its nei ghboring cells and/or flip-flop inside

the cluster.
pr esent

ot her
swi t ches

20

i nvention, each | ogi cal cluster ig conngeticsds® to al

In the currently prefed{rggisSHrediHEBERN |t he
‘the -
clusters inside eswh | ogi cal~ttock—through passgat e

extending the I-Matrix from nei ghboring clusters inside each
| ogi caitheslcaneguser! fBcauple Sheabating Himeaoftsaitd semondf selt- Mat ri x

|ntraconnect|on | i nes 331-335 of the cells 301-304 and the D flip-

of routing lines to another routing line of said second set of

routing lines;

a third set of switches for coupling one routing line of said
first set of routing lines of said first logical cluster to an adjacent
routing line of said first set of routing lines of an adjacent second
logical cluster;

a fourth set of switches for coupling one routing line of
said second set of routing lines of said first logical block to an

adjacent routing line of said second set of routing lines of an

adjacent second logical block.

2. - The programmable logic circuit of Claim 1, wherein

. at least one output of said cells of said logical cluster can be

programmably coupled to at least one input of said cells of said

logical cluster.

3. The programmable logic circuit of Claim 1, wherein |

. said second set of routing lines can be programmably selected to

conduct either output signals or input signals.

4.  The programmable logic circuit of Claim 1 further
comprising:
a plurality of inverting and non-inverting drivers coupled

to each of said cells for inverting input signals to said cells;

“ﬁ\ii\\\\\\\s\ic\\c\‘m . Ay




flop 305 of a logical cluster 107 to a neighboring |ogical cluster

107 through the passgate sw tches 336-355 within the sane 5 | ogi-cal

bl ock. In the currently preferred enbee af _fhe present
i nvention, each logical block is connectable to all }tTHHES SHEET HAS GiBEA
bl ocks of the FPGA. This -is acconplishedby inplenenting REPLACED
architecture wwth nmultiple layers of interconnections. It is 10 T1nportant

to note that this nmultiple layers routing architecture is a _
conceptual hierarchy,a phiraﬁt;pboﬁeﬁgrammﬁlelemmm@y fbr dedredinirgnd is |
hence readily inplenmentable with today's silicon process t echnol ogy. .

The bottom nost Whetber e4idi inpertsignedsto said dells aed &y bedouted throtighas t he

"bl ock connectors”". A set of block connectors provides 15 the access and
i nt er connect i onsaisk dsivgral s wi t hi n an associ at ed | ogi cal bl ock
(which is consisted of four logical clusters or 16 cells).

5. The programmable logic circuit of Claim 4, wherein
said first set of switches, said second set of switches, said third set
of switches, said fourth set of switches, and said plurality of
programmable switches are comprised of programmable

passgates.

6. The programmable logic circuit of Claim 5, wherein
said logical cluster includes four two-input combination logic

gates and a flip-flop. |

7. The programmable.logic circuit of Claim 6, vs:rherein
said logical block includes four of said logical clusters, each of said

* logical clusters is comprised of at least four of said cells.

8. The programmable logic circuit of Claim 7, wherein
additional sets of logical blocks are interconnected by additional

sets of hierarchical routing networks.

9. The programmable logic circuit of Claim 8, wherein
said first set of routing lines and said second set of routing lines

are comprised of one-bit wide bi-directional data buses.

s Shect Has Becn Rel’l““"fie_i | -l I ”m I
LTI o



Thereby, different sets of |logical clusters within the same |ogical
bl ock are connectable to any of the other logical clusters within
that group through the use of extended I|I-Matrix and/or block 20

connectors. .Agai n, progranmabl e bi-directional Pas$OAHEIHEET HAS BE rped as-
switches to provide routing flexibility to the usef. mﬂ&ﬁpﬁp. EMhE next

| evel of connections is referred to as the "l evel 1} ' nd.k:ﬁ' evel
Architecture (MLA)" routing network. The |evel 1 MLA routing network

provi des the intercorkcti pregraemabiSlogiseiveuitibf €dasm 6f furtioerk

connectors. Programmb] e passgat es . o o )
21 swi t ché®mpEsinged pleradity wif daivess fer hirdirectinnadlypdtiving saidf-
sel ecting

data buses.

11.  The programmable logic circuit of Claim 10,
wherein said circuit is implemented by at least one of SRAM,
DRAM, fuse, anti-fuse, ferroelectric, EEPROM, EPROM, and
FLASH processes.

12. A field programmable gate array comprising:

an input/output interface for inputting signals to said field
programmable gate array and for outputting signals from said
field programmable gate array;

a plurality of logical clusters of cells coupled to said _
input/output interface, said cells performing digital proceésing
on signals input to said field programmable gate array;

a plurality of block cdnnectors for coupling inputs-and
outputs of cells of one of said plurality of logical clusters to inputs .
and outputs of cells of another of said plurality of logical clusters,
wherein at least two of said plurality of logical clusters are
associated with a same logical block;

a first set of switches for programmably coupling outputs
or inputs of said cells of said logical block to séid block connectors;
a plurality of a first level of rouﬁng network lines for

coupling inputs and outputs of cells of one of said logical blocks

to inputs and outputs of cells of another of said'logical blocks;

Rk

- Tl is een Replaced.
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whi ch of the block connectors are to be connect ed. Conse_que'ntIS/,- : a

first logical block fromone set of |ogical block groups IS —_—

connectabl e to a second | ogical bl ock bel-ongi ng E SEE . 57 The
PLACED COI’mE

appropriate switches are enabled to connect the bct:or s of
the first logical block to.the routing |ines of-tihe—tever L MLA
routing network. The appropriate switchgs of the |evel | M_A routi ng
network are enabled to provide the connections to t he bl ock
connectors of the seasacbidgetcal switceds fop ptdgrammanablygouplingl i nes of t he

l evel 1 MLA routing network. The appropriate switches are -enabled to
connect the routdwigng natwork linke of said plurality of fitsh levaltrontinget wor k t hat
connected to the bl ock_connectors of the first and the second | ogi cal
bl ocks. Furt her RBFEOTK HBae¥iser has the additional flexibility of

Gi Tect tho desired Pluy alcsrsne lHel oloulik PR HRRIoE ol | S of any
ogi cal bl ock. coup!ing a first routing netwark line of said plurality of first level
routing network lines to a second routing network line of said
plurzlity of first level routing network lines;

a third set of switches for programmably coupling routing
network lines of said plurality of second level routing network
lines;

a plurality of a third level of routing network lines for
coupling a first routing network line of said plurality of second
level routing network lines to a second routing network line of
said plurality of second level routing ﬁetwork lines;

a fourth set of switches for programmably coupling routing
network lines of said third level routing network lines; |

a fifth set of switches for programmably coupling at least
one routing network line of said plurality of first level routing
network lines to one network routiné line of said plurality of
second level routing network lines;

a sixth set of switches for programmably coupling at least
one routing line of said second level routing network lines to
one routing network line of said plurality of third level Touting

network lines.

13.  The field programmable gate array of Claim 12

\\ﬁ\\”\‘iﬁf ﬁi\’iﬁi\\ T i

further comprising:.



The next level of connections is referred to as the "level 2

Mul tiple Level Architecture (MLA)" routing network. The |evel 2 M.A
provi.des the interconnections to the various levell 1 MA 10 20 ef f ect
access and connections of a bl ock cluster. Again,}| BHIS SHEET HAsi'BEmai onal
passgate switches are programed by the user to REPLACED t he desired
connections. By inplenmenting |level 2 MLA9 routi ng network,

D O i aver R BIGHIRPBEREAESTASRs for couplisfy IR oulpIPSES O 29" ¢

Additional | evelge 8f sMtdiBYb d19ed4¢ DA K Suf 8 'othEr cells of a same

logical cluster;

a seventh set of switches for programmably controlling

said intraconnections of said logical clusters.

14.  The field programmable gate array of Claim 13
further comprising:

a plurality of inverting and non-i-n-verting drivers coupled
to inputs of said cells; o

an eighth set of switches for programmably routing signals

through said drivers before being input to said cells.

15.  The field programmable gate array of Claim 14,
wherein said first, said second, said.third, said fourth, said fifth,
said sixth, said seventh, and said eighth set of switches are

comprised of bi-directional passgates.

16.  The field progranimable gate array of Claim 15,
wherein said first, said second, and said third level of routing

networks are comprised of one-bit wide, bi-directional data buses.

17.  The field programmable gate array of Claim 16
further comprising a plurality of drivers for driving said data
buses, wherein said drivers can drive said data buses bi-

directionally. .

/ e T
" \\i‘i\\\\i\\ \\\\\“\\\\\ H"I"I LU I"I



I mpl enented to pr ammmabl e i'nterconnections for ever

i ncreasi ng nunbers qggsgeregﬁggeeafgbﬁmgd;cal bl acks, block clusters,

bl ock sectors, etc. .- present inye S ee 5 _
di nensi onal approach ' “ ng routing.| Sigrgls AMS BEEN | rout ed
anongst the intraconn Togi cal bl ocHe CED  sj¢nals can

then be accessed through bl ock connect &% and routed according to the
progranmmed connecti.ons of the bl ock connectors. | f needed, signals
are "el evated" to thel§-evelha figldprogsameenble gaterarraughClaie L8vel 1 MLA
routi ng network, -"de-elevated" to the a(tgg}r,ogri ate bl ?ck connectors,
and then passed VHer¢iB 3k BRigAL 3N Is implemegtg aplegskone of SRAM, | f

| evel -2 MLA routj etwork j.s, required, so f.th si;gnal s are

el evated a secon‘éﬂ%lﬂe%‘fsreoﬁf‘b'ff“é?f FrrpefriniG gEF%PdVI EERQ’M( @tk line to the
| evel 2 M.A routy twork, routed to a different set of level 2 MA
routing network W‘%@?Faﬁﬁ%‘*& el evated" fromthe level 2 MA routing
network line to a Level 1

19. A field programmable gate array comprising:

an I/0O providing a signal interface for said field
programmable géte array;

a plurality of cells coupled to said I/O, said cells digitally
processing input signals to said field programmable gate array;

a plurality of sets of block connectors for cbuph'ng said
plurality of cells, wherein each set of block connectors provides
coupling for a logical block comprising a 4x4 cell array;

a first set of switches for programmably coupling block
connectors corresponding to each set of block connectors,
associated with said logical block;

a plurality of sets of first level routing network lines for
coupling said plurality of sets of block connectors, wherein each
set of said first level routing network lines provides coupling for
a biock clester comprising an 8x8 cell array;

a second set of switches for programmably coupling

routing network lines correspofiding to each set of said first level
routing network; |

| a second level routing network for coupling said plurality
of sets of said first level routing network lines, wherein said

second level routing network provides coupling for a block sector
S —

isi 16x16 cell ; '
| M TR



M_A _rbuti ng network |ine. Thereupon, the signals are "de- el evated". a
second tine to pass the signal fromthe level 1 MMAto 20 the appropriate

bl ock- connectors of the destination |ogical blogck This sane approach
is perforned for level 3, 4, 5 etc. MAs on an| THIS SHEEY IR 8EEN Hasi s,
dependi ng on the size and density of the FPGA REBLACEDR | evgl n MLA
can be inplenented using the above 41 gjscussed method to I npl enment a
FPGA with a given cell array 25 count.

23. Fi gurethipal setm“atcheaémopmgsamahig|ccaphngl;§t1§ngand t he

associ ated vertical bhlock connectors within the |Iogical block. In
network lines corresponding to each set of said second level

routing network;

a fourth set of switches for programmably coupling block
connectors corresponding;said set of block connectors to routing
network lines corresponding to said first level routing network;

a fifth set of switches for programmably coupling routing
network lines corresponding the said first level routing network
to roﬁting network lines corresp_oﬁding to said second level

routing network;

20.  The field programmable gate array of Claim 19
further comprising:

a plurality of intraconnection matrix lines providing
coupling for a logical cluster coniprisi-ng a 2x2 cell array; - '.

a sixth set of switches for programmably controlling said
.intraconnection matrix lines, wherein each output of each cell of
said logical cluster.can be programmably connected to at least one
input of each of the other célls of said logical cluster and at least

“one input of an output cell.

21.  The field programrfélable gate array of Claim 20
further comprising:
a plurality of drivers for driving signals prior to input to

said cells wherein said drivers can be either inverting or non-

W RN OR AR RO

inverting;



the currently preferred enmbodi ment, each cell in a |ogiecal cluster : is
accessible fromthe input by two vertical block connectors and 5 each
output of the cell in a logical cluster is accessible to two of t he

P -~
=4

vertical block connectors. For exanple, input AT =T I
accessible to the vertical block connectors 451 ?B%%%h@
(BCG-V21) through switches 467,462 respectively, Lidput -oF—cel- 301

is accessible to the vertical block conrdr@_ct'ors 452 (BC-V12) 10 and 454
(BC-V22) through swit ghReedfifsAGH JeRERG oY PrygraddhdBbly controlliigof cell 301
is accessible to the vertical block connectors 455 (BC V31) and 458
(BC-V42) t hr oughwdiith ofieaidi&igndlhreas bediouve! through saidgdtitvess. of cell 302 is
accessible to the vertical block connectors 453 (BC-V21) and 455
(BC-V31) through switches 463,464 15 respectively, input B of cell 302 is
accessible to the vertical bl ock connectors 454 (BC-V22) and 456
(BC-V32) through swit2kes 7be field prograpamablegate aveayyof Glaimdl, X of cell 302

is accesgible to the vertical _bl ock conne_ctor? 452 (BC-V12) and 457
( BC-V41){ t hr oughfurther comprising an eighth set of switches for programmably

coupling block connectors corresponding to a first set of block
. connectors to block connectors corresponding to a second set of

block connectors.

23.  The field programmable gate array of Claim 22
further comprising a ninth set of switches for programmably
coupling routing network lines corresponding to a first set of said
first level routing network to routing network lines

corresponding to a second set of said first level routing network.

24.  The field programmable gate array of Claim 23
further comprising additional levels of routing networks,
wherein said cell arrays are increased by = factor of four for each
additional level of rouﬁftg networks and the number of routing
network lines are increased by a factor of two for each additional

level of routing networks.

25.  The field programmable gate array of Claim 24,
wherein said additional levels of routing network lines and said

cell arrays can be sized with partial levels of routing network

! . 3.
- o .

g

lines.



swi tches 461, 465 respectively. 1 nput A of cell 303 is accessjble

the vertical block connectors 451 (BC-V 11) and 453 (BC— V21) t hrough
swi'tches 485, 476 respectively, input B of cell 3 ; accessible to
the vertical block connectors 452 (BC-V12) and 4=4THIS SHEETBASVERN [ hr ough
swi tches 480, 476 respectively, output X of cell RBRIACED accegsible to
the vertical block connectors 455 (BG V3#¥3 25 and 458 (BC VZ&2Zy—through

20 to

switches 472,471 respectively. The
24 i nput A of 4@l | Bba fiekd pograminndlde gotet dreayw of Claiat 24! ock
453 (BC-V21) and 455 (BC-V31) through switches 477, 478

connectors

respectively,

lines, and said second level of routing network lines are bi-

directional.

27.  The field programmable gate array of Claim 26,
wherein said first, said second, said third, said fourth, said fifth,
said sixth, said seventh, said eighth, and said ninth sets of

switches are comprised of programmable, bi-directional passgates.

28. A method of processing signals in a field
programmable gate array, comprising the steps of:
inputting a signal to said field programmable gate array;
coupling a plurality of cells toge£her, said cells digitally
processing signals input to said field programmable gate array; -
providing a plurality of intracorinection matrix lines for
coupling a logical cluster comprising a set of said plurality of cells;
‘programmably controlling said intraconnection matrix
lines, wherein each output of each cell of said logical cluster can
be programmably coupled to at least one input of each of the
other cells of said logical cluster;
providing coupling for a logical block comprising a set of
said logical clusters by a plurality of block connectors;

programmably connecting block connectors corresponding

'~ to each set of block connectors éssociated with said logical block;

coupling said plurality of sets of block connectors bya

plurality of sets of a first level iouting network lines, wherein

i nbmergnoﬁal% lqckannriestozs csai fittdeve) afrousiag netwiork| ock
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connectors 454 (BC V22) and 456 (BGC V32) through sw,umjsmmlm”
output X of cell 304 .is accessible to thecvertiga
SWi tches 475,

g

respectively,

bl ock .connectors 452 (BC-V12) and 457 (BC-V41) through

474 respectively. Dflip-flop cell .305 input is THISS HeEENe] t o t he
vertical block connectors 454 (BC-V22) and 455 ﬁ§§ f;%

iy

t'hr ough

swi tches 473, 479 respectivel y, output 4X of cell ~30—+s—aceessible to
the vertical block,conn 0 452 (BC-V12) and 457 (BC-Vv41) through
switches 483, 48heigh @E kﬁ{e?lyst level routing networkslimgs provideshi on, Figure 4B
shows the possibl e connections corresponding to horizontal block
connectors and t{RRHgE 102 block d‘t‘ﬁtﬁfster shown in Figure 4A. Input A of
zont al ock ¢ ectors 402 (BC-H12)

cell 301 is accessi bl;?r
and 404 (BC H22)

cell 301 is
(BC-H11) and
qut put X of

providing a second level routing network lines for
coupling said plurality of sets of said first level routing network
lines, wherein said second level routing network lines provides
coupling for a block sector comprising a cell array comprising a
set of said block clusters;

programmably connecting routing network lines
corresponding to each set of said second level routing network
lines; |

‘programmably connecting said block connectors
corresponding the said set of block connectors to routing network
lines corresponding to said first level routing network li_nés;

programmably connecting routing network lines
corresponding the said first level routing network lines to
routing network lines corresponding to said second level routing
network lines; -

programmably connecting block connectors corresponding

to a first set of block connectors to block connectors corresponding -

to a second set of block connectors;

programmably connecting routing network lines

.corresponding to a first set of said first level routing network

lines to routing network lines corresponding to a second set of

said first level routing network lines. /ﬂ
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cell 301 is accessi bI 2 ntal bl ock connectors 405 (BC 20

H31) and 408 (BC I—MEQSHeé}mm \M]tC es 421,428 respectlvel y. . Input A
of cell 302 is acce ‘iﬁlrlzont al bl %&J}Y'Sp 402
(BC-H12) and 404 (B ‘Swi t ches 411, i‘i’; REPLACE E%Fé%tu vel y,
I nput B of cell 302 | to t he hori zoatad ack-donnectors

401 (BC-H11) and 403 (BC- H21) through 485 swi tches 433, 417 respectively,
output X of cell 302 is accessible

25 to the hori28ont alhebxlredkocboh@mmrzs faofhet BOmigdising ahel 408 ( BC- H42)
through switches 418, 424 respectively. Input A of cell 303 is

accessible to thb:plsmﬁzont al bl ock connectors 404 (BC-H22) and 406
-(BC-H32) through switches 419, 426 respectivel i nput B of

implementing additional levels o?l routing network lines,
wherein said cell arrays are increased by a factor proportion to an
area increase of said cell arrays for each additional levels of
routing network lines, the number of said routing network lines
are increased by a factor proportional with the length increase of
the said cell arrays for each additional levels of routing network
lines; _ _

implementing additional set of switches-for programmably
connecting routing network lines corresponding to each set of
said additional level routing network lines and for
programmably connecting routing network lines corresponding
to a first set of said additional level routing network lines to
routing network lines corresponding to a second set of said level
routing network lines that is one level below the hierarchy of

said additional level routing network lines.

~ 30.  The method of Claim 29, wherein said additional
levels of routing network lines and said cell arrays can t-e sized
with partial levels of routing network lines, depending upon the

cell array size.

31. The method of Claim 29, wherein said block
connectors, said first level of routing network lines, said second

level of routing network lines, and additional levels of routing

i 111111117111
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5 . cell 303 is accessible to the horizontal block connectors 403 (BC—

H2 1) and 405 (BC-H3 1) through switches 420, 425 respectively,. .

out put X of cell 303 is accessible to the horizontal bl ock. connectors

402 (BC-H12) and 407 (BC-H41) through switches 1$' SUEET HAS BEE&soectlver.
The input A of cell 304 is accessible to the 1 hqmp;,gcgal bl ofk
connectors 404 (BC H22) and 406 (BC H3A6 trougirsSwWTches 422, 430
respectively, input B of cell 304 is accessible to the horizontal

bl ock connectors 4033%- BC—'FIZ&)H%thdd of ClalmEQBW(fB@lH&E)d firstosgid swit ches 423,
429 respectively, oytput. X o cell 304 is accessihle to the

hori zontal bl oc‘%@CEBHn&‘:‘ficﬁhéfddf@Qld( @@ffh §51d f1m12§aldr$éf<th0$alél§@3’?ﬂf;t)l thr ough
swi tches 412, 434 re cell 305 i

accessi bl e to t57¢d 58 ﬂf‘ |Sa§1 6‘?@“0“"1 sets Ek)gWé"Eggfr §re4‘€9§nPB§?‘£l?li) and 406
(BC-H32) through svmtch 431 respectively, output X of cell -
305 is accessi ?ﬁ’é)gtr%mﬂ]i% e4§1 dlre‘ﬁtb%a‘} BAPHP'HY ock connectors 401 (BC- H11)

and 408 (BC H42)

33.  The method in accordance with Claim 29 further .
comprising the step of adding levels of routing networks,
wherein new cell arrays are increased by a factor proportional to
an area increase of said cell arrays and for each additional level of
routing network lines, the number of said routing network lines
are increased by a factor proportional with the length increase of

said cell arrays.

34. In a programmable logic circuit having a plurality of
cells for digitally processing electrical signals, a method of
connecting said plurality of cells to process signals input to said
programmable logic circuit according to logic functions defined by
a user, said method comprising the steps of:

forming a logical cluster by providing a first set of
intraconnection lines for coupling a set of said cells, wherein each
output of each of said cells of said logical cluster can be

- programmably coupled to at least one input of each of the other
cells of séid logical cluster, said first set of intraconnecting lines
further providing interconnection of cells of logical clusters by

programmably coupling to at least one input of other cells of

\
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20 through switches 432, 435 respe_c,tivel y. Fi gures 4A and -4B

illustrate the vertical and horizontal . bl ock connectors accessing
nmet hod to the upper left (NW | ogical cluster inside a_logical block
in the currently preferred enbodi ment . Th¢ THISSHEEBHASBBEN | ust er
has the identical 25 accessing netho%7to the Yerti cREPLACERK conhectors

as those of the 26 NwW

cluster. The upper right (NE) cluster has sim/l|ar accessing . nmet hod to
those of the NW cl ustl@Fmiitg A logisplelock bytrrevidingiacsgrond set ofpigek c_o][megt ors
except the sequence of vertical. block connecto ,access js shifted.
The vertical bl 589“86@?5%@ IfUPHNE 3 58t ‘Bgﬂ’gb‘@a lusters, wherein each

input and each output of every cell of said logical block can be
programmably coupled to said second set of block connectors;

selecting one of said intraconnection lineg of said first set
of intraconnection lines corresponding to a first logical cluster;

controlling a first switch to couple an output of one cell of
said first logical cluster to an input of another cell of said first
logical cluster;

controlling a second switch to couple an input or ouiput of
one of said cells of a first logical block to a block connector of said
second set of block connectors;

controlling a third switch for coupling one intraconnection
line of said first set of intraconnection lines cérresponding to said
ﬁrét logical cluster to an adjacent intraconnection line of said first
set of intraconnection lines of an adjacent second logical cluster;

controlling a fourth switch for coupling one block
connector of said second set of block cormectors corresponding to
said first logical block to an adjacent block connector of said

second set of block connectors of an adjacent second logical block.

35.  The method of Claim 34 further comprising the step
of controlling fifth switch to coupie an output of one of said cells

of one of said logical clusters to at least one input of one of said

cels :/j//f,ilj,i” AT O A
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5 viewed as chained together as a cylinder (451, 452, ..., 458). Any
shift, say by 4, forns a new sequence: (455, 456, 457, 458, 451,

452, 453, 454)

, , . I nstead of startlng wth vertic . _—
451 and 453 accessing by cell 301 in the NWclus EHISa‘éHEBMd@Bamc
i i the cell 301 in the NE cluster i cceREPIAGED 0 VBEs 10

I n FIgures 4A

455 and 457. The nunbering is "shifteqy by four. The access | abel i ng
of the lower right (SE) cluster totheg\/BCs is identical to t hose of
NE cl uster. 36. SheirhatHogd of i34 horthed cdrpoingdheetepr s access
to the NW cluster is identical to those of the NE cluster and the SW

cluster is 15 of gelactingwhathehsaidBecond setrofiiptkecarnectoss rpdtR al bl ock

connectors
t hose of

access to the SWcluster |s shifted by four conpared with
remeéneisingut signals or output signalee currentiy preferred

enbodi nent, sixteen bl ock connectors are used per |ogical block (i.e

four clusters,

or a 4x4
37.  The programmable logic circuit of Claim 1, wherein

a number of routing lines of the first set of routing lines is greater

than the number of cells of the logical cluster.

38. A programmable logic circuit comprising:

an input means for inputting a signal to said
programmable logic circuit;

a plurality of cells coupled to said input means, each of said-
cells capable of performing a digital function to said signal;

first sets of routing lines for coupling a plurality of cells to
form logical clusters of cells, a number of routing lines greater
than a number of cells, wherein each output of each of said cells
of each logical cluster can be programmably coupled to a plurality
of inputs of each of the other cells of said logical cluster;

a second set of routing lines for coupling a plurality of

- logical clusters to form a logical block of logical clusters of cells,

wherein each input and each output of every cell of said logical

block can be programmably coupled to said second set of routing

ines. i

39.  The programmable logic circuit of Claim 38,
wherein at least one output of said cells of said logical cluster can -
\.-
- This Sheet Hag
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20 cell array). Adding a level 1 MA routing network allows for the
connectability for a block cluster (an 8x8 cell array). Adding |evel

2 MLA routing network increases the connect abi ity to—a—Baek— sect or
(16x16 cel |l array). Additional levels of MA roGHIS'SHEET HAS REENqr.k '
I ncreases the nunber of block sectors by factofs of REBLACED o ile the

| ength (or reach) of each line in theasdA routing

27 network i ncreases by factors of two. The nunber of routing |lines
in the | evel 2 b progranmmeblsanifled o hhleast ond inpad of shitteelishef said  nunber

of block sectors increased by a factor of four, on a per unit area

basi s, the nunbégiex desierng lines in the next level of

40. The programmable logic circuit of Claim 38,
wherein said second set of fouting lines can be programmably

selected to conduct either output signals or input signals.

41. A field programmable"gate array comprising:

an input/output interface for infutting signals to, and
butputting signals from, the programmable gate array;

a plurality of blocks comprising arrays of cells, said cells
performing digital processing on signals input to the field
programmable gate array;

a plurality of first level routing network lines;

a plurality of block connectors for coupling inputs. and
outputs of cells of each block to first level roufing network lines;

a first set of switches coupled between outputs and inputs
of the cells of each block and the block connectors for
pro_grammably coupling the outputs or inputs of said cells of said
logical block to said bloc connectors;

a second set of switches for programmably coupling first
level routing network lines to block connectors;

a third set of switches for ‘programmably coupling together
first level routing network lines;

a plurality of higher levels of routing network lines, each

_ higher level of routing network lines comprising a number of

lines, said lines having a length, each higher level of routing

gt
i -

a
b



5 . hierarchy actually decreases by a factor of two. o Fi gure 5A
shows a | ogical block with tﬂnmmm"vﬂllm n bl ock _ connectors and
level 1 MLA routing |ines’atH _ ﬂﬁe logical block The

si xt een bl ock connectors 501516 afre Mepi ct'ed BISHEEEY HASBEENMier eas
the sixteen level 1 MA routing network 10 |ines [517- 5BEPIAGEepi ctjed by
lighter lines. Note that the | ength 50 or span .of the bl ock connectors
term nates within the Jl.ogi cal bl ock while the length of the level 1

?/LA routing netBRiMoOTK lines pragranynably couplingea highr ilens! is9PR A bl ocks
twice the length of the_ block onnectors).. ,15 Bot h bl ock
connectors and §edb@rrays.NbR nynbengf F@f%ﬂ(s OPtthHgPﬁ%?Véﬂ’ 'UWMhdi vi ded into

hor 200121 209 e Rl B8 6 g R GERRE i 20200
network lines 5ér7o'ﬁ?>2§y aaﬁgt factor, the length of the lines of the higher level '
routing network lines being increased to span an area defined by
the higher level group, and the number of lines of the higher
level of routing network lines being increased proportionally by a
second factor from a number of lines of a previous lower level
routing network lines; .
a plurality of higher level switches comprising a first set
and second sét of switches for each higher level of routing
network lines, said first set of switches for programmably
coupling at least one line of a higher level routing network lines
to at least one other line of the higher level routing network
lines and the second set of switches for prograrnmably copi:ling at
least one line of the higher level routing network lines to at least
one line of a previous lower level routing network lines;
wherein each higher level of routing network lines
increases the length of routing lines but decreases the number of

lines per unit area.

42.  The field programinable gate array as set forth in

claim 41, wherein the first factor equals two and the second factor

equals two.
This Sheet Has Been Replaced
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hori zontal level 1 MA routi ng wor k | ines 525 532. 20 In the

currently preferred enbodi nent, IH’I_ lwl i“ —four level I MA
turn points for the sixteen Iev I* Ve TRISVSMEET HAER hi n
the logical block. In Figure 5A, the twenty foyr tur REMQICHDS are
depicted as clear dots 541-564. A MLA turn point TS a programresie
bi -directional passgate for 25 providigig connectability between a

hori zontal M.A routing. 28
network line and a vddii cdheNleld poograngmablevgatk atrapess sebforth in -~ exanpl e,
enabling level 1 MA turn point 541 causes the hori zontal level 1 MA

routing networ kclaimetls 2gherain ther first 4actbeeqials two and the second factor

equals a value in the range between and including one and two.

4. A proérammable logic circuit comprising:

an input means for inputting a signal to said
programmable logic circuit;

a plurality of cells coupled to said input means, each of said
cells capable of performihg a digital funiction to said signal;

a first set of routing lines for coupling a pluraliiy of cells to
form logical clusters of cells, wherein each output of each of said
cells of each logical cluster can be programmably coupled to at
least one input of each of the other cells of said logical cluster,
each of said cells of said logical cluster is further programmably
coupled through the first set of fouting lines to at least one input
of each of the other cells of other logical clusters of cells;

a second set of routing lines for coupling a plurality of
logical clusters to form a logical block of logical clusters of cells,
wherein each input and each output of every cell of said logiéal
block can be programmably coupled to said second set of routing
lines;

a plurality of higher level global routing lines, each set of
global routing lines spanning a plurality of logical blocks,
wherein each set of higher level global routing lines can be
programmably coupled to the second set of routing lines, said
lirst set of routing lines and cells through the second set of

routmg lines. eplaced
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1 MLA routing network |ine 520 to becone connected together. 5 Figure 5B

shows level 1 M.A turn point 541. Switch 583 controls whet her |evel 1
M.A routing network line 526.is to be connected . to level -1 MA
routing network line 520. If switch is enabl ed, T BHEEN BAS BERNA
routing network line 526 is connected to level 1 M_/RBPRACEDY net wor K
line 520. O herwise, line 526 is not 10 connected t0 ITne 520. SWT 583
i's progranmabl e by the user. TBE turn points are placed as pair-w se
groups with the objectiv cces onnectin

two or nore block ?\Rﬁuﬂﬁﬁgg f % IH%C?‘ E'E c%h)%ector tog

l evel 1 MLA exchange net wo cohnec |ng seI ected level 1

MLA 15 routing WBERAETenabl i ng the SWI tches The level 1 MLA lines are
used to connect those bl-ock connectors that reside in separate
| ogi cal bl ocks within Anershinstirecol didtubeied hierarchical interconmedter ri ng back

to Figure 5A, there are ei ght bl ock connector
J scheme for f?eld programmable gate arrays (FPGAs). The FPGA is

comprised of a number of cells which perform logical functions on

w

input signals. Programmable intraconnections provide
- connectability between each output of a cell belonging to a logical
cluster to at least one input of each of the other cells belonging to
that logical cluster. A set of programmable block comnectors are
used to provide connectability between logical clusters of cells and
10  accessibility to the hierarchical routing network. An uniformly
distributed first layer of routing network lines is used to provide
connections amongst sets of block connectors. An uniformly
distributed second layer of routing network lines is implemented
to provide connectability between different first layers of routing
15  network lines. Switching networks are used to provide.
connectability between the block connectors and routing network
lines corresponding to the first layer. Other switching networks
provide connectability between the routing network lines
corresponding to the first layer to routing network lines
20 corresponding to the second layer. ‘Additional uniformly
distributed layers of routing network lines are implemented to
provide connectability between different prior layers of routing
network lines. An additional routing layer is added when the
number of cells is increased as a square function of two of the

25  prior cell count in the array while the Iength of the routing lines

~ This Sheet Has Been Replac
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to level 1 M.A exchange networks 533-540 for each |ogical block. 20 These

exchange networ ks operate to connect certain block connectors to
level 1 MA lines as progranmmed by the user. Fi gure 5C shows the
exchange network 537 in greater detail. The bl ock_connector_to level
1 M.A routing exchange network has ei ght dri vqr-saiS SHRES HASTBERN | ei ght
drivers 575-582 are used to 25 provide bi-directional drREMEAdENX the |bl ock
connectors 501, 502 and 23 ' 29
level 1 MA |inegmdhénupdfer SfbuBKe MRk incPOAkS h9d 1meht fthcBoR of causes
the signal on block connector 501 To be driven by driver 575 onto

the level 1 MA tdwdlePofambitdid blgiredidiil pe&gateaus€ssed as switches

to control which of the routing network lines are to be connected.

"No drawing accompanies this abstract"

Sheet Has Been Replaced
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the Signal on level 1 MLA line 517 to be driven by driver 576 5 onto the

bl ock connector 501. Enabling switch 567 causes the signal on bl ock
connector 501 to be driven by driver 577 onto the level 1 MLA line
518. Enabling switch 568 causes the sigpagl on level 1 MLA line 518
to be driven by driver 578 onto thE:bIock connector 501. 10
Simlarly, enabling switch 569 cau d sﬂgnal on bl ock . connector
502 to be driven by driver 579 onto the l evel 1 MLA | i'ne 517.
Enabling switch 570 causes the signal on level 1 MA line 517 to be
driven by driver 580 onto the block connector 502. Enabling switch
571 causes the signal on block connector 502 to 15 be driven by driver
581 onto the level 1 MLA |ine 518. Enabling smnt&& 572 causes the
signal on level 1 MA line 518 to be driven g Yer 582 onto the
bl ock connector 502.—Swteh—5/3—+s—used to—eoent her a signa
shoul d pass form ond bl.agkl connect or 501 to the ag¢f acgnt bl ock
connector 584 belongin&ﬁgo t he adV@cent
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20 | ogical bl ock. Li kewi se, switch 574 is used to control
whet her a si gnal shoul d pass form one bl ock connector 502 to the

adj acent bl ock connector 585 belonging to the adjacent |ogical block.
Figure 6 shows the routing network for a block cluster. The 25 bl ock
cluster is basically conprised of fous/{;00ical blocks which

30 can be interconnect change net wor ks
533-540. It can be seen tlhat there are’thirty-two leyel 1 MA routing
networ k |ines. {Fi gure 7A shows the bl ock diagramfor a bl ock
sector. The 5 bl ock dector is cd@géised of four block clusters 701-704.
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di scussed above the bl ock clusters are |nterconnected by bl ock

connectors and A routing network lines. In addition, t he

bl ock se s ctor is al nnmwgbd of sixty-four level 2 MLA__ routing

net wor k |Iﬂ&'ﬁls r level 2 to level 1 exchange( ffls SeREMIESH
provi de conne w& en level 1 MA routing netmoggmg@ﬁblev

2 MLA routlng eyel 1 to level 2 . MLA routTTIgTexerahge
net wor ks are deplcted by rectangles i B/11 Figure 7A. Furthernore, there
are forty-eight level" 2 MA turn: poi nts associ at ed with each of the
four |ogical blocks within the lf:ggnﬁpgg %i or. Consequently, there are
one hundred and ninety- M= rn points for the bl ock
sector. Fi gure 7B shows a sanple level 1 to level 2 MA
routing exchange network 705. It can be seen that switch.30 is used
to contr ol o 20
709 and level 2|MA line 708. Switch 711 is used to control whet her a
signal should pass between |level 1 MA line 709 and 31
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level 2 MLA line 707. Switch 712 is used to control whether a si gnal
shoul d pass between level 1 MLAline 706 and level 2 MA line 708.
Switch 7134s-used to control whether a signal should 25¢ THEfaSHERTCHA® BBEN
| evel 1 I\/LA |ne 706 and level 2 MLA |ine 707. ' REPLACED

31 cqgdo control whether a si gnal shourd pass Torm
one IeveI m the adjacent level 1 MA line 716

. bel ongi ng to ock cluster. Likewi se, switch 715 is used
to control whether a signal should paEﬁ],[f ormone level 1 5 M.A |ine 706

to the adjacent 1evel 1 MA line ﬁ]{g én @to
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t he adj acent bl ock cluster. Fi gure 8A shows a sector cluster.

The sector cluster is conprised of four block sectors 801-804 with
t heir -associ at ed bl ock connectors, level 1, and level 2 MA routing
network lines 10 and exchange networks. In addition, there are one
hundred and twenty-eight level 3 MA routing network |ines, providing
connectability between the level 2 MLAlines that belong to . di fferent
" bl ock sectors 801-804 within the same sector cluster 800. There are
ninety-six level 3 MLA turn points associated with 15 the.level 3 MA
lines for each of the block sector 801-804 (i.e. ~three hundred and
ei ghty-four total level 3 MA turn poidid for the.sector cluster).
Furthernore, there are thirty-two level 2 to | evel 3 MLA routing
exchange networks associated with each of t he four block sector
801-804. Hence, there are total of one 20 hundred and twenty-ei ght |evel
3 M.A routing eXchange network “T'or providing progranmabl e
connectability HQetween the various '
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| evel 2 and level 3 M.A |ines. Figure 8B shows an exanple of a

level 2 to level 3 MLA routing exchange network 805. It can be seen
that enabling 25 switch 810 causes a signal on the level 2 MA |line 808
to be 32 connect ed
to the level 3 MLA line 806. Disabling swtch 810 di sconnects the

level 2 MLAline 808 fromthe |level 3 MA |ine 806. Enabling switch
811 causes a signal on the level 2 MA |line 808 to be connected to

the level 3 MA line 807. Disabling switghy 5 811 disconnects the |evel 2
M.A line 808 fromthe level 3 Nhs. : I 807. Likew se&;"enabling
switch 812 causes a signal on t |£;Ljr(3 2{%}
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level 2 MA line 809 to be connected to the | evel

Di sabling swtch 812 di sconnects the |evel

| evel 3 MLA line 806. Enabling switch 813 causes a signal
2 MLA line 809 to be connected to the |evel
Di sabling switch 813 disconnects the |ev&fll2 M.A |ine 809
In the present

| evel 3 MLA |ine 807.
nore power f FPGAs
clusters whi
net wor ks mntQD

2 MLA line 809 from

3 MA |line

on 1
8

i nvention, |a

can be achi eved by addi ng addi ti onal-
| evel s of MA routing

15 are connected by additional
t he corresponding MLA turn points and exchange

3 MLA |line 806.

t he
0 the |evel
07.
fromthe
rger and
| ogi ¢ sector

- networ ks. I n one enbodi nent of the present invention, each of
t he f|E3 |-Matrix lines (331-335, Figure 3A) can be ext ended to
provi de connéﬁlablllty bet ween two adjacent |I-Matrix lines 20 bel ongi ng
to two dlffaugnt clusters. The passgate sw tches 336- 340, 341- 345,
346- 350, and 351-355 in Figure 3B are exanpl es
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of four different sets of I-Matrix line extension switches. This
provides further flexibility by providing the capability of routing
signal between two adjacent clusters without having to be 25 routed

t hrough the use of bl ock connectors.:

33  SiThis Blacet Has B ®epacednnect or s can be extgﬂﬁ@ﬁsﬁﬁﬁr &% BEEN
connectability bét" t bl ock connectors belongiﬁﬁ?P CED
two different |ogicédl ch 573 of Figure 5Cillustrates

such bl ock connector extension connecting bl ock connector-501 to 5

bl ock connector 584 through switch 573. 8fhl s provides further
flexibility by providing the capability of routing a signal between

Figure 5C
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two adj acent

| evel

to connect to |evel
provides further flexibility by

| ogi cal

1 MAline 716 by

a signal between two adj acent
routed through the |evel

net wor ks.

i nt er connect

20

15

Thus,
schene for programmble logic circuits is disclosed.

1 MA lines as
of Figure 7B shows an exanple where |evel 1

10

bl ocks wi thout having to be routed through t he
1 MLA |ines and associ ated MLA exchange networks.
can be simlarly applied to the |evel

Thi s concept

well. Switch 714

M.,A line 709 is extended

enabling switch 714. This
providing the capability of routing

bl ock clusters w thout having to be

M.LA 9/1mes and associ ated MLA exchange

an architecture with an intraconnect and
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- 34— f—AProgrammuabl e logic circuit conprising: an
I nput L OH §gﬂ{ ﬁ&geive a signal into the programmable logic circuit;

a plura coupled to said input, each of said cells configured
to proc gﬂH Iﬁ“ﬂi‘ HI; a firstoMat of routing lines configured to
directl ,

plurality of cells to fqQqrm ogiqil

ugh a first set of programmable switches, to the
bl gcks of cells, wherein input and

out puts of cells of |og|sal {Bl odks d anmably coupled to the first

set of routing Iine%; afd IR a=sed8nd |set of routing |ines, configured

to couple directly @nd bidifecti _ gid first set of routing lines

through a secqmy .set\’tPfQQ’grro?rama. e 9 @s, each rouirifds EIRTI Bélﬁ

first set of nauting lipgs fel ed gured to Qe a s bk NVe a
. . : . o . : A\

routing line of,,said gefond]set i nes t hr ougtr-sar~e—5etond _set] of

programuabl e sy tches{apd a}sink a signal through said second
set of progranmbl e SN cheg frd ifng line of said second set of
o]

routing |Iines, & span - bC ( g ¥ 1routing |ines being |onger than
a span of*said]Tirst ﬁe 5231 i I S
~ ~ 't
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2. The programmable logic circuit as set forth in claim1, wherein the
second set of iprogrammabl e switches conpri ses conponents selected fromthe

group conprising swtches,
drivers/receivers.

in claiml1,

couple directly through a third
cor r espondi ng | ogi cal

- 35-

wherei n each out put of each of the cells of a |ogica

| ogi cal

3.

clusters of

pr ogr ammabl e passgates and program control | ed
The programmable logic circuit as set forth
further conprising a thirdétlof routing lines configured to

igﬁggéggyp@nnable SmAtCheS to form

4. The programmable logic circuit as set forth in claim 3,

switches agghjthe third set of routi

cluster of

clusters of cells is programrably coupled through th

nes to a plurality of i

t he

pozd set of

puts and at
5.

conpri sing

st

| east one owput of each of other cgFrs—pf the logical cluster.
The programmpbl e logic circuit as sgfF—Fofth in claim1, furthei
a fourth setjof programuable sw tch tohfigured to couple a fi
.
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roufing line of the first set of routing lines to a second routigggé+fgiéj
the first set of routing |lines. 6. The progranmabl e Iodﬂ Cifcuit
as set forth in claim1, further conprising a fifth set of programuable
swi tches configured to couple a first routing line of the second set .of
routing lines to a second routing line of the second set of routing lines.
7. The progranmable logic circuit as set forth in claiml1, wherein the
second set of routing lines is further configured to indirectly couple to
the plurality of cells. 8. The pgggrammable logic circuit as set
forth in claiml, wherein the circuit is I nplenmented by a process sel ected

fromthe gr ARCHITBOTURE) ANSRANTERICSNECT cSCHEME- FORE PROGRAMSIABYIE ILOGIC

EEPROM EPR@dGIT diriiTs 9. A programmable logic circuit

conprising: an input configured to receive a signal into the progranmabl e

l ogic cigcuit; a plurality of gpggfl_;%@pl ed to said input, each of
said celbs configured to process said signarl; a first set of routing

lines configured to directly couple, through a first set of progranmable

sw tchesg to a p'%%r&ﬂe&hré%@dfs@ﬂﬁﬁfég h%lqgc icqll iﬂ@é&%o%e&eéc%%mé(\’@&r ein

i nputs and outputs of cells of the logic S are progranmmably coupl ed
to said &ir ield grogtameible gate 8R&ys (FPGAs). The FPGA is comprised of a number

5  of cells which perform logical functions on input signals. Programmable

| 6 intraconnections provide connectability between each output of a cell
e 7  belonging to a logical cluster to at least one input of each of the otﬁer cells |
8 belonging to that logical cluster. A set of programmable blo;:k connectors are
9 .used to provide connectability between logical clusters of cells and accessibility
10  to the hierarchical routing network. Uniformly distributed layers of routing
11  network lines are used to provide connections amongst sets of block
12 connectors and different layers. Switching networks are used to provide
13 connectability between the block connectors and routing network lines.
14  corresponding to the different layers.
(No drawing accompanies this abstract)
Y
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AbosS308 AT

ENE RIS 20
of | let of routing |} rrectt

bi - di rect i onalR] LAGHMENI _ _tond set of progt anTrEBFePuon tRehed. ...to naged .....
| east one routifig Tine of thej spcond set of rout¥ 4d2M(es,: paged 5. to gaged ane
routing line of |saq4SEP®PIsel bf routing Ii neg W &raingél o pegad iy Ys Phgel .. -
configured to|lb¢ a source to {rive at |east onje [ ddsirags | izpegad..sad gagatond
set of routing I4mes—through at || east- i switich of said second set of
programmabl e gwitches, and tao a sink to redeipgTEOPUSRCEIPT S8t/ one
switch of the Second set of programmuabl e sw t ches~a~sTyrmar—ft+omthe—at—
| east one routing |line of said second set of routing lines; and a
third set of roatiA@rogresmablelogiodrtuibcanpyibing: at | east one routing line

- 367 a second set of routing |ines copf+
one routing |

A ; T

of the third set of routing lines direct] nd bi-directionally, .through a
third set of p@@hﬁ#ﬁﬁ%@ﬁﬂt@ﬁéﬁ@vﬁaSh%‘ﬁqé%@é‘ﬁﬁﬁogfﬁﬁnﬁgi??/%cof t he

second set of rt_outi ng lines, the at |east one routing line of said second
set of rouf¥fY™ ines selectively configured to be a source to drive at

| east one routi aqalbi.rﬂﬁ?'qffcénéeoxsﬁnieacto%aidﬁ.?utr-@wﬂofg;aid calls domfigugbdao | east
one switch of sai'd thifd set of programmable swtches and a sink to

recei ve t hpoogss atid sigeel;one switch of said third set of progranmable
switches a signal fromsaid routing line of said third set of routing

g : wh : S g . . 4 \ ¢
rIC)trJ]te;Sng i nes aﬁg{rgtigeés(ﬁﬁlg‘rl%héZl%‘e%?&rlﬁ)o%‘f{e%gb:%ecgjhavgkisii ffergenfg@g%t;%. °
10. The pr ﬂ%ﬁﬁhﬁabﬁg&vﬁtdiespw thegsdusadity bb cells fonfocirdiogicg] blgrks eif igells,

t

conponents o e second set of swi.tches.a third set of sw{ches .c ri se
v wherein input and outputs of cells op fogicaq %lo&s \Mbiy coupleger

are programma
to the first set of routing lines; and

a second set of routing lines, configured to couple directly and
bidirectionally to said first set of routing lines through a second set of
programunable switches, each routing line of said first set of routing lines
selectively configured to be a source to drive a routing line of said second set of
routing lines through said second set of prograrmmable switches and a sink to
receive a signal through said second set of programmable switches from said
routing line of said second set of routing lines, a span of said second set of

routing lines being longer than a span of said first set of routing lines.

2. The programmable logic circuit as set forth in claim 1, wherein the
second set of programmable switches comprises components selected from the
group comprising switches, programmable passgates and program controlled

drivers/receivers.

3. The programmable logic circuit as set forth in claim 1, further
comprising a third set of routing lines configured to couple directly through a

third set of programumable switches to form corresponding logical clusters of

cells.

B~ c- L M s *




cohporient s sel ect ¢REPLACE

passgat es and progqr
programabl e | ogi d

SHEBT¢onpri si ng sw tches, programmble—-
tgrifvers/receivers. - 11. Th :

i reyi et{forth in claim9, fu _ a

fourth set of rout|ling ﬁﬂrﬁ?ggfgur ed to coupl e di rec“‘mm‘\m\\ﬁ\ﬂm”h

set of programmablije [switches to rh correspondi ng | ogi &al “clusters of
cells, wherein outlputs of the cells|of a |ogical duster of the |ogical
clusters of cells i-s—programrabty—cdupl ed3bhrough the fourth set of

swi tches and the fourth set of '

- 37 - ‘routing |#&n@hetpgograzhumable logiotircuipas setdoxthdn cladms3, vaneretuepe  of
other cells of the, |l agical cluster. . . The progra ble | ogic
circuit as s@f%ﬂfﬁa&%"gﬁﬁ opl ,OfFJPgWé-}duét?ﬁﬁ%ﬁé‘f W@l(éﬁ)pﬁu%{q{gggpeﬁ?m

pr ogr anmabl L ERRS ?,cgg)td'pgég €4 | - ' |4 he
first set Ol?pl’%%l ng ?1 nes-to ggggggﬁglé%t ?ﬁ%éq%éd%?%ﬁgﬂﬁtb%tg és%fétOE of
routing |inesuting lines to d plurdlity of 4 belehsiodree Gt of edch 6£6tHeRICENs | N

9, further conprising a sixth set of programmuable switches configured to
coupl e a fi raftthedogicabclsies. of :

5. The programmable logic circuit as set forth in claim 1, further
comprising a fourth set of programmable switches configured to couple a first
routing line of the first set of routing lines to a second routing line of the first set

of routing lines.

6. The programmable logic circuit as set forth in claim 1, further
comprising a fifth set of programimable switches configured to couple a first
routing line of the second set of routing lines.to a second routing line of the

second set of routing lines.

7. The programmable logic circuit as set forth in claim 1, wherein the
second set of routing lines is further configured to indirectly couple to the
plurality of cells.

8. The prograrmmumable logic circuit as set forth in claim 1, wherein the
circuit is implemented by a process selected from the group comprising SRAM,
DRAM, fuse, anti-fuse, ferroelectric, EEPROM, EPROM and FLASH.

9. A programunable logic circuit comprising:
an input configured to receive a signal into the programmable logic circuit;

a plurality of cells coupled to said input, each of said cells configured to
process said signal; |

a first set of routing lines configured to directly couple, through a first set
of programmable switches, to a plurality of cells to form logical blocks of cells,
wherein inputs and outputs of celfs of the logical blocks are programmably

coupled to said first set of routing lines;
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second set
s set forth
i t ches

the second set of routing lines to a second RERh
of routing |lines. 14. The programall ¢ | ogic circu
inclaim9, further conprising a seventh set |off ptd4§ERWBI efs
configured to couple a first routing line of {the third set _off fouting |ines
to a second routing line of the third set of jroutihg I1 nes. 15. The
programmable logic circuit as set forth3én-cljaim9 | circuit is

i npl emented by a process selected fromthe gr conpri si ng SRAM .. M
e, Tant | 1 use. 2AEEPBOEL oIS ONBRERS I GoRPRGLIES oRe oLtk Die
pr ogr anmabl i ' ' i Shagq: . i i

receive a s?{gﬁ%lgﬁfsrﬁslgiggf% pr%gr%szﬁl"riggﬁeyT%%Féd%}%%%ﬁyﬁ%dg%qﬁtﬁgﬁty of
cel I's coupl efiptegrasnshablpsiwritcies bo af least chedotdtingclimé olthesdcdral ggtasfess sai d
si gnal ; a first _set of programmabl e sw tches; a first set of

routing | i nEuidRgtings: the atdeass ope soting ine p! saidolits set ofirpyting dinegbeing
bl o 1 i . .I: |_ ,
B ootond. serelarid A Sorinispd B BRI ERRAE die 80168 o ppe T of BugS: o

the | ogi cal sedonst it ofebutipllinedtlrdugh dideast onkisiHt@rbfiaid seddhddedrabl y
coupl ed REPLACENMENT

SHEET programmable switches, and to be a sink to receive through at least one switch of
the second set of programmable switches a signal from the at least one routing

line of said second set of routing lines; and

a third set of routing lines configured to coupled at least one routing line
of the third set of routing lines directly and bi-directionally, through a third set of
programmable switches, to at least one routing line of the second set of routing
lines, the at least one routing line of said second set of routing lines selecﬁw;ely
configured to be a source to drive at least one routing line of said third set of
routing lines through at least one switch of said third set of programmable
switches and a sink to receive through at least one switch of said third set of
programmable switches a signal from said routing line of said third set of
routing lines;

wherein said first set of routing lines, said second set of routing lines and

said third set of routing lines have different spans.

10. The programunable logic circuit as set forth in claim 9, wherein
components of the second set of switches and third set of switches comprise
components selected from the group comprising switches, programmable

passgates and program controlled drivers/receivers.

11. The programmable logic circuit as set forth in claim 9, further
comprising a fourth set of routing lines configured to couple directly through a
fourth set of programmable switches to form corresponding logical clusters of
cells, wherein outputs of the cells of a logical cluster of thé\'logical clusters of cells

is programmably coupled through the fourth set of switches and the fourth set of
I
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-38- directly, through the second set of programBREPIACEMENTeSHEBE! t he
o] S~ pf

first set of routimg Tines to at Teast one input N ot her
| ogi cal dusters of mm ul | ters of cells irgd pet of
progranmmabl e swi tchHmm “ Iw IH || he first set &f sv&%gﬁg??w a

second set of routing |fnes, "excél udive of the firs$t =g |ines

and configured to couple directly, through the third set of progranfable
swi tches, nore than one |ogical duster of %?le‘log at——ctuousters—of——Tells to
forma plur a|rbhﬁngfhr€@,rtb%91|ﬂlﬂﬂﬂit9%ﬂiﬁﬁh&34nd3éﬂég§hoﬂ’é‘”&[l’ghf‘of SMPlet Self\OF the
outputs of cells of |ogical bloCks are configured to be progranmably

coupl ed t hr odegicahdusterr d set of programmabl e switches to routing |ines of
t he second set of routing lines; and a fourth set of programuable
sw tches configured to couple one routing |ine of the second set of
routing |ines corréspdifiPTREragmable legic ciguis ap set faakh sy claime 9, fustiezal bl ocks

to a routing.LKhie; t i | . cQrrespondi ng,.t a
second | ogi cgf)hgf}(l)c go%]ﬁ {tﬁg&f%%%g%aﬁ%%bgé‘gwﬂ%éé 9&%%@?%50%&8&%#&[)' e

| ogi ¢ devi cerantinglirfeosf theifitsidetiofrditingfigeion Sa@hd rRutiRBirRfofeRE Firef setai d
cells of a Iogica, cluster of the logical clusters of cells is

pr ogr ammabl y OE 5RHRE limesough the first plurality of switches and the first
set of routing lines to a plurality of inputs and at |east one output of

each of other cell !gﬁi st er. : -?ﬁqg_ple
| ogi ¢ device as sél?’ i flgiet#&%ﬁ C aaﬁ)?hé ]lo%y\él\ll%g?lte?sns%{cnfocﬂ%t]ﬁ? f%ﬁ‘m%ncg{rggfl a
| ogi cal cl ussidth eét dHpradrairahably seitchegtadfigiietdtoaosplesa firstgoatingline of
coupled to an input of a second cell of the |ogical cluster by selecting
one routing thegecond sal of rpuiing linewio 2 srronEFoLtinGsling ph B8 58¢R1IdhLHAS t he

| ogi cal cluster,.and. two switches of the first set of programmble sw tches.
routing Iines. _

14. The programmable logic circuit as set forth in daim 9, further
comprising a seventh set of programmable switches configured to couple a first
routing line of the third set of routing lines to a second routing line of the third

set of routing lines.

15. The programmable logic circuit as set forth in claim 9, wherein the
circuit is implemented by a process selected from the group comprising SRAM,
DRAM, fuse, anti-fuse, ferroelectric, EEPROM, EPROM and FLASH.

16. A programmable logic circuit comprising: -

an input configured to receive a signal into said programmable logic
crcuit;

plurality of cells coupled to said input, each of said cells configured to
‘process said signal;

a first set of programmable switches;

a first set of routing lines configured to couple directly through a first set
of programmable switches to form corresponding logical clusters of cells;

a second set of programmable switches, said cells of a logical cluster of the

logical clusters of cells are further configured to be programmably coupled
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second set of prog i.s configurdd{to couple one|r¢uting
line of the first ing lines of a firgt || og4SHP 1999st ¢r |of the
plurality of | ogi ca *clbsters to arouting linejoff the first set of routing
lines of a second |ogical cluster of the pluralijty-of~—togrca—TTugters.
-39- 20 The progranmabl e | ogi c-dggice gs set forth in cl & m 16,
wherein the third set of programmable switches i's configured to couple
directly one difsetlyp ghiough e sbtth bt Of proglandinabiwirehdsiapdsihedirst s@egnd
routing line of the second set of routing |ines. 21. The

progr amabl e PBE-PE lml toaat Jeast ene iInputiofiothen cellsof othewegispiclusters ofthe of

t he | ogi cal ust rth orrprl ses a plurality of inverting and non-
i nverting drﬁmﬁ& gert ﬂfré‘ﬂfy coupled to inputs of the cells, and a
plurality of prografHiedE& &‘ﬁrbgﬁﬂxﬁﬁb%ﬁﬂﬂfés@*&ﬁéﬁ@oﬁ&b@ﬁ%ﬂéé@'o!f shWatthes;

I nput signals through the drivers. . The progranmmabl e | ogic
devi ce as set f or tasacand|sgt of romtinglimes Qth!Elve of the first set of routing lines and

configured to couple directly, through the third set of programmable switches,
more than one logical cluster of the logical clusters of cells to form a plurality of

A1

19 THe progr ammabl \m““w set forth i|REBLACEMENT Sl:@El. n the

corresponding logical blocks, wherein inputs and outputs of cells of logical
blocks are configured to be pfogrammably coupled through the third set of
programmable switches to routing lines of the second set of routing lines; and

a fourth set of programmable switches configured to couple one routing
line of the second set of routing lines corresponding to a first logical block of the
logical blocks to a routing line of the second set of routing lines cotresponding to
a second logical block of the logical blocks.

17. The programmable logic device as set forth in claim 16, wherein each
output of each of said cells of a logical cluster of the logical clusters of cells is
programmébly coupled through the first plurality of switches and the first set of
routing lines to a plurality of inputs and at least one output of each of other cells

of the logical cluster.

18. The- programmable logic device as set forth in claim 16, wherein an
output of one cell of a logical cluster of the plurality of logical clusters is
programmably coupled to an input of a second cell of the logical cluster by
selecting one routing line of the first set of routing lines corresponding to the

logical cluster and two switches of the first set of programmable switches.

19. The programimable logic device as set forth in claim 16, wherein the
second set of programmable switches is configured to couple one rou ting line of
the first set of routing lines of a first logical cluster of the plurality of logical
clusters to a routing line of the first set of routing lines of a second logical cluster

" of the plurality of logical clusters.
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first set of programmbl e switches, second set REPbAGBWN%SI‘EEg‘ i t ches,
et

third set of programmble—switches and fourth s

conpri se conponen m\lg the group cornprii shagsERviggghed
pr ogr ammabl e pﬁjﬁgﬂ‘%\ﬁ‘m control | ed drijvers/receiverg.

23. The progra

of progranmualpl ¢ switches

eat-m24—wterdin t he

0@i c*de¥ice as set forth

cell. switches conprise conponents sel ected?fronm t he group conpri gi ng

swi t ches, progra assgat es, .and prpgram controj Led drivers/recejvers.

24. The progr am‘rragg)q%te)iﬁﬁ f2e Bl%leggg@é% f‘i‘;’ratsﬁeit:[umghé‘? 2y, 16y paieEein thge

| ogi cal  dustBirdcRERE pT8ErdrAtable Reitdiidt Ll irbld i
ipY8Erdrtiable\QritdHiidtis E&W mo%p% %E&moﬁé%?ﬂ%

25. The programmabl e’ ogi ¢ device as set forth in cla

erern

| ogi cal bl odine ofdhedesondset effroutingllogs takh setorsd eosting Hinb oifﬂmiamghd@et of
clusters cogglr&'bse .of at |east four cells. 26. The programrabl e

| ogi c devic

N8et%orth in claim 16, further conprising additional

hi erarchi cal sets of routing |lines. ) 27. The programmabl e | ogic

device as set fokjh e

of

: _ é}d’g'rﬂr&q%blé\{l@E HevRaah seOfdriliBh daine 16/ whereihieadit set
routing lines I's selectively driven by an output of a
cell of the logical duster further comprises a plurality of inverting and non-
inverting drivers programmably coupled to inputs of the cells, and a plurality of
programmable cell switches configured to selectively route input signals through

the drivers.

22. The programmable logic device as set forth in claim 16, wherein the
first set of programmable switches, second set of programmable switches, third
set of programmable switches and fourth set of programmable switches
comprise components selected from the group comprising switches,

programmable passgates and program controlled drivers/receivers.

23. The programmable logic device as set forth in claim 21, wherein the
cell switches comprise components selected from the group comprising switches,

programmable passgates and program controlled drivers/receivers.

24. The programmable logic device as set forth in claim 16, wherein the

logical cluster comprises four two-input combination and a flip flop.

25. The programmable logic device as set forth in claim 16, wherein the
logical block includes four of the logical clusters, each the logical clusters

comprised of at least four cells.

26. The programmable logic device as set forth in claim 16, further

comprising additional hierarchical sets of routing lines.

27. The programmable logic device as set forth in claim 16, wherein each

routing line of the first set of routing lines is selectively driven by an output of a
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- 40 -+ cell SWUD conpris I&CEMEM‘ S} el | s of the
| ogi cal cl usters; aid routing lLine driven thrbugh conponent|s lsel ect ed
fromthe group cq ﬂ\mﬂ“mm‘mmst set of p[oprad8EPEINi tiches and at
nost one switch am . of progranpabl e switches, j|nd at nost
one other routing tirfe &f f'he’first set of rputFmgHiNes. 28. The
programmabl e | ogi ¢ device as set forth A8 clalm 27, wherein ea routing

line of the second set of routing lines is se ectlveu y . driven by an out put
of a cell el selprigdfromthe grewp comprisingat lsgstdayo ealisaf the Inzawfirlvsersecond

set of progr. | & W o rfpdmplgé & i l.ce as
set forth I%@{P{é?ﬁ{%ﬁ% %ﬁ?ﬁiwggﬁ%ﬁo&l g eél-%?el}?%%gt y of pP o%l%g%gglg%#rugg | ed
drivers andiHecmit ¥er 6f hivjgriaaie swelcliedand bt Arist onabwitddbf vhégecwid set

receiving signal s .30. The, progr.ama quig LI cui.t as.se orth
in claim 16‘%@%%)5?%%?%8 s‘é?trcgﬁ?’tarﬁds&rﬁg?tg%l@n%gr 5%/ a %)r 0%%@%"%@{%3?%‘3{ from
the group cirgling.SRAM DRAM fuse, anti-fuse, ferroelectric, EEPROM
EPROM and FLASH. 31. The progranmable logic circuit as set forth in
claim 16, wherein the second set of routing lines are bl ock connectors.
32. The progr am2®| Ehé pgogranimablietlogic deice asrgeh fonth it diaim 28, wikteeeiri eadhhe
first set of i,bnes form an intragonnection_matr,i

rillf?s

routing X. 33.
The progr afPaing I%Pkﬂtq seeend sgioirouting lines ds a%lm‘%?x'm?%m apgutput of
a cell of a plurality of cells of the logical block, through the second set of

programmable switches.

29. The programmable logic device as set forth in claim 28, further
comprising a plurality of program controlled drivers and receivers for

respectively bi-direcﬁonélly driving and receiving signals.

30. The programmable logic dircuit as set forth in claim 16, wherein the
circuit is implemented by a process selected from the group comprising SRAM,
DRAM, fuse, anti-fuse, ferroelectric, EEPROM, EPROM and FLASH.

31. The programmable logic circuit as set forth in claim 16, wherein the

second set of routing lines are block connectors.

32. The programmable logic circuit as set forth in claim 16, wherein the

first set of routing lines form an intraconnection matrix.

33.  The programmable logic circuit as set forth claim 16, wherein the
first, second and third levels of routing networks are comprised of one bit wide,

bi-directional data buses.

34. The programmable logic circuit as set forth in claim 33, further
comprising a plurality of drivers and receivers configured to be programmably
controlled to respectively drive and receive data to and from the data buses,
wherein the programmably controlled drivers and receivers are configured to

drive the data buses bidirectionally.
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first,

wi de

recei vers conflgur m\m\m\

bi

second and third levels of routing networ mgw; %‘?@qu one

controll ed drivers and®reteivers are conflgured tjo drive the data RQuses
bidirectionally. * -41-
35. A nethod for processing signals in a programmbl e logic circuit,

conpri si ng:

cell s processi ng3§1 &1’3}%@‘?%@%"%8#% a&‘%%m%%d? ?{nﬁlt‘%tﬁgdrgzﬁla?&ﬁher

pr ogr amabl yore

hes

bi di rec'; 1)8??’1'@&/451 z hr #‘gr'}?% 150%%‘3’%& Setlg%lf%{rgg{tammbl e swtches the first

set of

programmably coupling each input and output of the plurality of cells to a
first set of routing lines through a first set of programmable switches to form
logic blocks of cells; and

programmably coupling, directly and bidirectionally, through a second
set of programmable switches the first set of routing lines to the second set of
routing lines, wherein each routing line of said first set of routing lines is
selectively configured to be a source to drive a routing line of said second set of
routing lines through said second set of programmable switches and a sink fo
receive a signal through said second set of programmable switches from said
routing line of said second set of routing lines, a span of said second set of

routing lines being longer than a span of said first set of routing lines.

36. The method as set forth in claim 35, further comprising the step of
directly programmably coupling through a third set of programmable switches a

third set of routing lines to form logical clusters of cells.

37.  The method as set forth in claim 36, wherein each output of each of
the cells of a logical cluster of the logical clusters of cells is programmably
coupled through the third set of switches and the third set of routing lines to a
plurality of inputs and at least one output of each of other cells of the o gical

cluster.

38.  The method as set forth in claim 35, further comprising the step of
programmably coupling a first routing line of the first set of routing lines to a
second routing line of the first set of routing lines.
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roUting | i nes, wherein each routing line of said "ﬁﬁ Sah T¢$ ng |ines
S selectlvely configured to be—a—source to drive of said
second set of routin sald second $ef of progranmm
switches and a sink M‘! ﬁR‘!ﬁE‘ nal through daild $4&ER1998t bf
pr ogr ammabl e smntch srouting |ine of daild second set ¢f |routing
lines, a span of said second set of routing |ined BermgTonger thap a span
of said first set of routing |ines. 36. The nethod as set-—florth in

claim 35, further conprising the step of %ﬁrectly programmabl y coupl i ng

through a third get ofrhem&hamlsbefoemncd:iennasxﬂurﬂutrsemp;ﬁsmgmhe ﬁfgplq nes
to formlogical clusters of cells

The rth in
cl ai m 36, vﬂmgmmmabkymmh@g%ﬁfséé‘éﬁmhf‘ﬁezgé??%mﬁfd gﬁ‘f‘%ﬁfg@{‘ %eér of
the I ogical clusters. of. cel 03{ ?é ?.Q §dpl ed through the third set
of swi t chesSesRBAFREY | ne§ to a plurality of inputs and
at | east one out put of each of ot her cells of the logical cluster.

38. ~ The met h°d4 %t‘%ﬁhas s@tfﬂrﬁiiﬂ ARim B/ fukHercomirising ¢hé biepxifep of
programably coup |ng aftirst routing 'rne of the first set of routing
lines to a sREAREY @iiplig thesecarid Séteaffrou’sngimesw thexeallsng | i nes.

1%

41. A method for processing signals in a programmable logic device,
comprising:

directly coupling through a first set of programmable switches a first set
of routing lines to a plurality of cells to form logical blocks of cells, wherein
inputs and outputs of cells of the logical blocks are programmably coupled to the
first set of routing lines;

| directly and bi-directionally coupling through a second set of

programmable switches at least one routing line of the first set of routing lines to
at least one routing line of the second set of routing lines, wherein the at least one
routing line of said first set of routing lines being selectively configured to be a
source to drive at least one routing line of said second set of routing lines
thrbugh at least one switch of said second set of programmable switches, and to
be a sink to receive through at least one switch of the second set of
programmable switches a signal from the at least one routing line of said second
set of routing lines; and

bidirectionally and directly coupling through a third set of programmable
switches, at least one routing line of a third set of routing lines to at least one
routing line of the second set of routing lines, wherein at least one routing line of
said second set of routing lines selectively configured to be a source to drive at
least one routing line of said third set of routing lines through at least one switch
of said third set of programmable switd1és and a sink to receive through at least
one switch of said third set of programmable switches a signal from said routing
line of said third set of routing lines;
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- 42 - SW%t forth in ¢REPPAGEMENT SHEET¢onpri sing
the step of pro (of0) first routingtrneof—the—sgcpnd set of
routing lines to m\ ﬂﬁm@! ine of the sec outing lines.
40. The net hod as I'm 35, further n%aiflp)i?g? step of
indirectly coupling® t he second set of routing lijnes_ta_the ce.L_l_h
41. A nethod for processing signals in a E ogr armabl e Iogl c devi ce¢,
conpri si ng: directly coupling thro éh'a fli+st—set—oef—progranmabl e
swtches a first set of routing lines to a plurality of ceIIs to_form

| ogi cal bl ocks ofwberein, saxdqéw.sat Qfﬁmgalﬁlfso‘éﬁlﬁﬁ?@ftﬂ setafreunglinesiapgt cal

bl ocks are pro e routing |ines;
directly an(fabc?ha‘%gwg UCP coup a|wr%:gd1§-%;eci-h %%a’ssecond set of prograrmabl e

switches at | east one routing line of the first set of routlng lines to at

| east one routi ngq | TRe ﬁtethsa a§§€%@ﬂ§ﬂdﬂ§n&?%ﬂrﬂﬂaﬂc ek the_ at

| east one routing line of said first set of routlng I|n S b ng se ectlvely
configured taupdirg direcidyea fourthiseboftoutinglinasrthrough afgutthiset of sai d second
set of routing lines throu?h at | east on 6fW'tCh of _said second set _of

pr ogr ammmabl PregraEwaable suitahss e form jogica %%l#ée%r%h%?u RS of the

switch of t &E%mg?&g},

| east one r(r)k%p?%g%qg e Ofﬁg%ﬁ?@?@%@%ﬂ s§} \(ge?rrsrou |ng I 'fes; an tCBﬁpféd

bi di rect i onahkyughthé fow@th syt sfuwitdieg ankdrthegourthiset ofrairinglingy oot phuralitye
switches, at |east one routing line of a third set of routing lines to at

| east one r coftinpyts amd ableasheng euiput of etherrcefls of itheylagiced slusigrer ei n at | east
one routing line of said second set of routing lines selectively configured

to be a source to drjve at éast e_routing |I£|§ of said third set of
routing |ines thr&hghhamethadass aim 4 ther comprising

programmably coupling a ﬁrst routing line of the first set of routing lines to a

.
[

second routing line of the first set of routing lines.

44. The method as set forth in claim 41, further comprising
programmably coupling a first routing line of the second set of rouﬁhg lines to a

second routing line of the second set of routing lines.

45. The method as set forth in claim 41, further comprising
programmably coupling a first routing line of the third set of routing lines to a
second routing line of the third set of routing lines. |

~ 46. A method for processing signals in a programmable Iogic device,
- comprising:

directly coupling a first set of routing lines through a first set of
programmable switches to form logical clusters of cells;

programmably coupling directly cells of a logical cluster of the logical
clusters of cells to at least one input of other cells of other logical clusters of the
logical clusters of cells;

coupling directly a second set of routing lines, exclusive of the first set of

routing lines, more than one logical cluster of the logical clusters of cells to form
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of’ sai‘d third set of progranmable switches and a_sink.to receive through at

| east one switch of :said Thitd set—of —programab ' ' | from
said routing line of immmmmnu ﬂ routing | %E@AGWENTGSHEET

- 43 -. wher ei ' u Il)f routing{l|nes, said second set of
routing lines and saidthird'sef of routing Iinep havk# SEPF89%nt| spans.
42. The nethod as set forth in claim4l, further|cpnoprising the |stiep of
coupling directly a fourth set of routing Iines yhrough a four et of

programmuabl e switches to formlogical clusters ofeells _wherejn dqutputs of
the cells of a logical cluster of the-ld4ical clusters of cells is

programmabl y coup).ed t hrough the foyr et pf switches d.the fourth_ set
of routing 14 P}é’éﬂ‘ﬁ’ #W’ﬁ?‘%@%%?ﬁb&%’a‘ﬁgﬁﬁn R agﬁg)%ﬂfl%u?fo%e?fs(ﬁf her
cells of thqogﬁgi BRIckS S ESifigured to be prograndBy bedpkd toebutifilihesibfhai m
41, further conprising progra bly c upﬁrng a first routing Irne of the

first set ofsecomd sagof rouing kines; erdond routing line of the first set of
routing lines. 44, The_ma{iplod as set, f rtfh ignc aim41l furé her
o g pon

conpri si ng coupling one routing line of a second set of rou es corres ing to
a first logical block of the logic blocks to a routing line of the second set of

routing lines corresponding to a second logical block of the logic blocks.

|2

47.  The method as set forth in daim 46, further comprising the step of
programmably coupling through the first set of routing lines a plurality of inputs
and at least one output of each of other cells of the logical cluster.

48.  The method as set forth in claim 46, further comprising the step of
selecting one routing line of the first set of routing lines corresponding to the
logical cluster and two swilches of the first set of programmable switches to
programimably couple an output of one cell of the logical cluster and two

switches of a first set of programmable switches.

49. The method as set forth in claim 46, further comprising the step of
programmably coupling one routing line of the first set of routing lines of a first
logical cluster of the plurality of logical clusters to a routing line of the first set of

routing lines of a second logical cluster of the plurality of logic clusters.

50. The method as set forth in claim 46, further comprising the step of
coupling directly one routing line f the second set of routing lines and to a

second routing line of the second set of routing lines.

51. The method as set forth in claim 46, further comprising the step of
selectively driving a routing line of the second set of routing lines by an ountput
of a cell of a plurality of cells of the logical block.
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| ogi cal bl ocks are configured to be progranmmably coupled to routing |ines
of the second set of routing |lines; and coupling one routing |line of

a second set of routing lines corresponding to a first |ogical

bl ock

| ogic blocks to a routing Iine of the second set of r
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Figure 5B [REPLACEMENT SHEET
14 SEP 1999
i 526~
\.583 _
520 .
~— 537
BC-V11 565 575 N584
501 1~ 1 573
MLA-1V11 5764 sge)
517 567 i : gjﬂ*
518 -—
BC-V12 ' OR— \585
502 ..ffi%—_g? 574
MLA-1V11 580 570'
S VA 571 581
MLA-1V12 582 f.-— %72 ' :
518




| REPLACEMENT SHE
- - 14 SEP 1999 J

L

10/11 . —

Figure 7A
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