A SCALABLE NON- BLOCKI NG SW TCHI NG NETWORK FOR PROGRAMVABLE LOG C TECHNI CAL
FI ELD [ 0001] Enbodi nents of this invention relate to switching networks and,
in particular to switching networks used with progranmmable logic circuits.
BACKGROUND [ 0002] A programmable logic circuit, also referred to as field
programmbl e gate array (FPGA) is"an off 'the shelf integrated logic circuit
whi ch can be programmed by the user to performlogic functions. Crcuit
designers define the desired logic functions and the circuit is progranmed
to process the signals accordingly. Depending on |logic density requirenments
and production volunes, programuable logic circuits are superior
alternatives in terns of cost and tine to narket. A typical progranmble
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outputs of logic cells to inputs of logic cells according to user
specification. [0003] As technol ogy progresses to allow for |arger and nore
sophi sti cat ed rammabl e logic circuits, both the nunber of logic cells
and the reqU|TE§FDﬁ fddr Bk ct resources increases in the circuit. Conpeting

with the incrﬁ@éfﬁ iy e(ﬁmglt;ts o?ﬂ{lﬁrﬁrg@] r%ﬁge r},;)&rcﬁonne keso&lrces is the

need to keep i rcul SIze 'sna |red

- circuit size pmimammrsmicmgtdaavorkm@ﬂamﬂﬂmgrmmR:%&:MfUuhte mai ntai ning a
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gate array (FPGA) is an off the shelf integrated logic circuit which can be

programmed by the user to perform logic functions. Circuit designers define the
desired logic functions and the circuit is programmed to process the signals
accordingly. Depending on logic density requirements and production volumes,
programmable logic circuits are superior alternatives in terms of cost and time to
market. A typical programmable logic circuit is composed of logic cells where
each of the logic cells can be programmed to perform logic functions on its input
variables. Additionally, interconnect resources are provided throughout the
programmable logic circuit which can be programmed to conduct signals from
( ) outputs of logic cells to inputs of logic cells according to user specification.

- [0003] As technology progresses to allow for larger and more sophisticated
programmable logic circuits, both the number of logic cells and the required
interconnect resources increases in the circuit. Competing with the increased
number of logic cells and interconnect resources is the need to keep the circuit
size small. One way to minimize the required circuit size is to minimize the
interconnect resources while maintaining a certain level of connectivity.
Therefore, it can be seen that as the functionality implemented on the chip
increases, the interconnection resources required to connect a large number of

signals can be quickly exhausted. The trade-offs are either to provide for a lower



provi de nore routing resources that can increase the circuit size :
dramatically. [0004] There has been a progression of increasingly conplex
connection styles over the last forty years in the field of progranmable
logic circuits. L.M Spandorfer in 1965 descri bes possible inplenmentation
of a programmable logic circuit using neighborhood interconnection, and
connections through nultiple conductors using switches in a C os network.

R G Shoup in his PhD thesis of 1970 describes both the use of a

nei ghbor hood i nterconnect and the use of a bus C for |onger distance
i nterconnect. [0005] Freeman in the U S. 4,870,302 of 1989 describes a
commercial inplenentation of a FPGA using nei ghborhood interconnects, short

(I engt h one, | 1 ed single), distance interconnects, .and gl opal . Iines for
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inputs and ouppwide MbrelroGlifs £Sburses WARAR iRAGRe tHRREClt Size ARRRALGHy.t hrough
swtches to every short wire neighboring to a logic cell and horizontal and

vertical shor {00} es Esnnbasboeheouegiesioniltietiedsoely complek gotecton El  Ganal
et al. in US, 758,.745 | Rt €8S ;S nted routi wher e.i npyt,s and

out put s of Iofﬁges%?fltée i?ar?t gofé’%grvﬁlﬁﬁmrefgetﬁ P%%m%aﬂ}%?ﬂqglo © ISy @b{\d | engt hs
i n one di nensgpandotRPRO196BalesdriRB pedsitdd implBmehtStiorboPOProbiinamsle @did f et al .
in US. 55 260,611 intrqoduce a |ocal set of conductors interfacing with a

set of |ogic erarewing ypghhorheaddpteronpentiops andirennesgioas grapghnmultiple connect ed,
: n o _ . o 1 o
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| ength conductors are | orizon yran 1cally where the
hori zont al cob@lilcdeseribarbototheast of Dn¢ipkbork@rd inaionbestdud tlor wseadd buke '
hofizontal copdyctors. connect to nultiple local conductors. In U S

4,870,302, U.Brlongprgistange infpreonngchgo 610, and U.S. 5,260, 611, the input
conduct or_of ﬁyghsggc KBahaliitnt U4 £OMIRA!IIG980 UACKDES #lmhbrcidiocal

conductors (e r n-inputs an conductors, there 1s n x
swi t ches conimggemagtatiieof npRGA wsing teéghbodmiod datactonbats shokt (ehgth phexer (MUX)

BC gerrz rSn; % 3géﬁﬁdgiengﬁjei%?stasr%etil?tg}come%ts? gnrqjglgbaaflirfeg ?orllrssilgsnta%rs%c- gs crzl?)g]ys(.md' ). In
| | Tile short distance interconnects interact with the inputs and outputs of logic cells

where each input is connecfed through switches to every short wire neighboring to
a logic cell and horizontal and vertical short wires connect through a switch box
in a junction. El Gamal et al. in U.S. 4,758,745 introduces segmented routing
where inputs and outputs of logic cells interact with routing segments of different
lengths in one dimension.
[0006] Peterson et al. in U.S. 5,260,610 and Cliff et al. in U.S. 5,260,611

Q/ introduce a local set of conductors interfacing with a set of logic elements where
every input of the logic elements is connected, through switches, to every local
conductor in the set; additional chip length conductors are introduced both
horizontally and vertically where the horizonfal conductor can connect to the
vertical conductors and the horizontal conductors connect to multiple local
conductors. In U.S. 4,870,302, U.S. 4,758,745, 1.8. 5,260,610, and U.S.
5,260,611, the input conductor of a logic cell has full connections to the set of
local conductors (e.g. for n-inputs and k-local conductors, there is n x k switches
connecting the inputs to the local conductors. A multiplexer (MUX) scheme may
also be used so that the number of transistors is reduced.). In U.S. 4,870,302,

U.S. 4,758,745, U.8. 5,260,610, and U.S. 5,260,611, the general interconnect
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U S. 4,758,745, U S. 5,260,610, and U. S. 5,260,611, the general interconnect
2 resources are limted to one or two different lengths (i.e. singles of

US 4,870,302, local and chip length in U S. 5,260,610 and U. S. 5, 260, 611)
or limted in one dinmension (i.e. different lengths horizontally in U S
4,758,745, local wvertically in U S. 5,260,610 and U.S. 5, 260,611). [0007]
Camarota et a]. in U S 5,144,166 and Kean in U S. 5,469,003 introduce a
routing scheme with nore than two different lengths in both dinmensions with
limtations in the reach of those conductors. Wiile U S. 5,144,166 all ows
each wire to be selectively driven by nore than one possible driving
source, U.S. 5,469,003 is [imted to be unidirectional in that each wire is
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connections ABe0,RE? gbmm@emp%ngmehﬁ@lsvslzmIs@@@id,ucsr slzgglsqm&l liitéd sel f can
be used as interconnection resources instead of perform ngg ogi ¢ functions.

Ting in U S inpngstrmangion (hesdiffray fengthe houzatally 061 809458348, logal597, 196
describe a ﬂﬁl&hfé’h I[f:ge% 2%8% 5&&6%%2‘6’6%&% mul tiple |engths of conduct ors

I nt erconnec S ina hrétarcthy”of logic cells. [0008] Young

et al. in U 008901/ QOOT4238 caall iddUs. 5549146 ahé Kdes & Ul 5a469,003chi t ect ure
with multiple lengths of, wires in two dinmensions (three i.n each dinension)
where for shotfrofBiesa routps sehemsrith mopthan v didlepayt langthsia beth used  where a

set of |ogic gg &oﬁymﬂtl BonbH fl LK SF tHoSe BordRiEE yQ, output ports

whi ch then mter%lace to o er I nterconnect resources. %@% onger wres
gener al ly fahléhloemaldowheacherird mﬂ@tshlemﬁveéﬁdliivendaymsmhaﬁ vee phiseibhesi on.  Reddy
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wires to have universal access to the input$ of the ogic el’eménts. Reddy
et al. in U Smdd]$83,462003 arcyayy v, \basddousthe presrisss th@t\mtggr connections

are neighborhood or relatively local, or logic cells itself can be used as
interconnection resources instead of performing logic functions. Ting in U.S.
5,457,410, U.8. 6,507,217, U.S. 6,051,991, U.S. 6,597,196 describe a multiple
level architecture where multiple lengths of conductors interconnect through
switches in a hierarchy of logic cells. |
[0008]  Young et al. in U.S. 2001/0007428 and U.S. 5,914,616 describe an
architecture with multiple lengths of wires in two dimensions (three in each
] dimension) where for short local connections, a near cross-bar scheme is used
Q where a set of logic cells outputs are multiplexed to a reduced set of output ports
| which then interface to other interconnect resources. The longer wires generally
fan-in into shorter length wires in a respective dimension. Reddy et al. in U.S.
6,417,694 discloses another architecture where inter-super-region, inter-region,
and local conductors are used. A cross-bar scheme is used at the lowest level
(using MUXs) for the local wires to have universal access to the inputs of the
logic elements. Reddy et al. in U.S. 5,883,526 discloses various schemes having
circuit reduction techniQues in the local cross-bar.
[0009] At the base level of circuit hierarchy, four-input Look Up Table (LUT)
logic cells are commonly used. There are two advantages in using a LUT as the

base logic cell. One advantage is that the circuit allows any four-input, one
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circuit reduction techniques in the |ocal cross-bar. [0009] At the base

| evel of circuit hierarchy, four-input Look Up Table (LUT) logic cells are
commonly used. There are two advantages in using a LUT as the base |logic
cell. One advantage is that the circuit allows any four-input, one 3 out put
Bool ean functions with programrabl e controls. Another advantage is that the
four inputs are exchangeable and logically equivalent. Hence it does not
matter which signal connecting to which input pin of the LUT for the LUT to
function correctly as long as those four signals connect to the four inputs
of the LUT. [0010] A common problemto be solved in any progranmmabl e |ogic
circuit is that of interconnectivity, nanely, how to connect a first set of
conductors c [ j : biahn cqﬂﬂjﬂ;& eaeikve those
si gnal s wher 26]{( Igr%ooé‘?dgqggéltﬁ)snw‘gﬁ%%ati nag)ﬁ% (ﬁoél(ﬂ?ilsgna S a%?ﬁggelrlggﬁé cells
recei vi ng t hethsifgnahpitsaae exphangdatde end wgioallyequivaenti Hemae it doasgroat ed circuit
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the first set is connectable to every conductor in the multiple sets of

conductors dilfé€tly through a switch. Prior solutions in one degree or

anot her try i Vi de n i Vi leminto nultiipl.e pieces using a
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but in most cases impractical solution is to use a cross bar switch where every
conductor of the first set is connectable to every conductor in the multiple sets of
conductors directly through a swiich. Prior solutions in one degree or another try
to divide the connectivity problem into multiple pieces using a divide and conquer
strategy where local clusters of logic cells are interconnected and extended to
other clusters of logic, either through extensions of local connections or using
longer distance connections. These prior interconnect schemes are ad hoc and

mostly based on empirical experiences. A desired routing model or interconnect

~

architecture should guarantee full connectability for a large number of inputs and
outputs (through programmable interconnect conductors) connecting to multiple
sets of conductors over a large part of the circuit all the time.

[0011] Complicated software is necessary to track interconnect resources
while algorithms are used to improve interconnectability during the place and
route stage implementing a custom design using the programmable logic cifcuit.
Thus, it is desirable to have a new interconnect scheme for programmable logic
circuits where the routability or interconnectability may be guaranteed in a more
global scale while the cost of interconnections remains low in terms of required
switches and the software efforts in determining a place and route for custom

design implementation are simplified.
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while algorithns are used to inprove interconnectability during the place
and route stage inplenenting a custom design using the progranmmmable |ogic
circuit. Thus, it is desirable to have a new interconnect schene for
programmable logic circuits where the routability or interconnectability
may be guaranteed in a nore global scale while the cost of interconnections
remains lowin terns of required swi tches and the software efforts in
determ ning a place and route for custom design inplenentation are
sinmplified. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The obj ecti ves,
features, and advantages of the present invention will be apparent fromthe
follow ng detailed description in which: [0013] FIG 1 illustrates an '

enbodi nment of b HRGAR PR ENT II‘Eﬂy rRHtg 1 ogic cells and two flip flops
usi ng a scal a%%ﬂ;lon-ﬁock?%(%\bfl\nﬁtc |% net\/\%rk (SN). [0014] FIG 2

i Ilustrates oft@l2hrboditreestjectifves featuresiiahd advantpoas of the prédestdatatiion will

non- bl ocki ng sw tching ne 0- WMth el even M conductors accessing
four sets ofﬁef'i‘RPrarWt %@8@6&%&“?3@%&3a‘TS@?lPtIBOI_}’Ini‘M]%‘P]?‘at es one enbodi nent of
a circuit usi [mmfﬂp FIREY HusBAQ AlnfoRARReR 0?6 IeirBGit SifhlEt Bgr-HRnor ks with
each 0-SN having five M conductors accessing four sets of two N conductors.
[0016] FI G 4logid astls and éso direflepsbsiigresealable rmneilpdung swisching vetebdge- 1

scal abl e non;RQl.ocking switching network (1-SN) with el even M conductors
accessing fou )sets of four N conductors through N sets of four

i nternedi at e popdpct arigs, 2 00dkesTn@entbotlihdts b atR&uiPREnEAHACE-0BPA0E 2

circuit using a stage-1 scal able non-blocking switching nefwork with twelve
M conduct or s a@cklesking spdighing agvask (0-Sdi) with eddeeadd conducidrs acrghsing o

i nternedi ate nglﬂg S. ] FIG 6 illustrates one enbodi nent of a
cirq:cui t usi ngscegS St {gug@lwgé'gclqa le C non-blocking switching network with

twel ve M condwotsy s FICESSillngrdicWne 2@ib®ddient of a circuit using two stage-0

scalable non-blocking switching networks with each 0-SN having five M
conductors accessing four sets of two N conductors.
[0016] FIG. 4 illustrates one embodiment of a circuit using a stage-1 scalable
non-blocking switching network (1-SN) with eleven M conductors accessing four
sets of four N conductors through N sets of four intermediate conductors.
[0017] FIG. 5 illustrates one embodiment of a circuit using a stage-1 scalable
non-blocking switching network with twelve M conductors accessing four sets of
four N conductors through fewer intermediate conductors.
{0018} FIG. 6 illustrates one embodiment of a circuit using a stage-1 scalable

(» non-blocking switching network with twelve M conductors accessing four sets of
four N conductors with stronger connectivity property.
[0019] FIG. 7 illustrates one embodiment of a reduced stage-1 scalable non-
blocking switching network with fewer switches. ‘
[0020] FIG. 8 illustrates one embodiment of a larger size stage-1 scalable
non-blocking switching network.
[0021] FIG. 9 illustrates one embodiment of a stage-1 scalable non-blocking
switching network with sixteen M conductors.
[0022] FIG. 10 is a block diagram illustrating one embodiment of a stage-2

scalable non-blocking switching network (2-SN) and a circuit with four logic



four N conductors with stronger connectivity property. [0019] FIG 7

Il lustrates one enbodi nent of a reduced stage-1 scal abl e non- bl ocking
switching network with fewer switches. [0020] FIG 8 illustrates one

enbodi nent of a | arger size stage-1 scal able non-blocking sw tching
network. [0021] FIG 9 illustrates one enbodi nent of a stage-1 scal able
non- bl ocking switching network with sixteen Mconductors. [0022] FIG 10 is
a block diagramillustrating one enbodi mrent of a stage-2 scalable

non- bl ocki ng swi tching network (2-SN) and a circuit with four logic 5
circuits of FIG 1, each using the scal abl e non-bl ocki ng sw tchi ng network
of FIG 9. [0023] FIG 11A illustrates a bl ock diagram enbodi nent of the

stage-2 scal ghl.g I NG SV ' A - Of 024] FIG 11B.
il lustrates one e%‘gggll(?reir)f%’é %]?gstlﬁ%h]%i%?ésl?&%grg{l\Bgcgckﬁ%eswsﬁ{céﬁélg}gtwgsrga abl e
non- bl ocki ng BM&.tchi ng network of FIG 1A [0025] FIG 12 illustrates one -

enbodi nent of t age: l.abl e non-bl ogki ng sw tching network
i npl enenti ng [pﬁ%ﬁsecigé"ii‘gﬂﬁwaﬁ%é%@ 1ggraip cgboglyment O%EIFNFQEE? DESCRI PTI ON
([0026] An 1 nn@yabledndalaht Sy AMPIAGEHOL Y 1gh no network (SN whi ch

uses switches and includes Tnternedi ate stage(s) of conductors connecting a
first plural0034]of EIGdUEBlsthEsoné empbdineet of thé ficsy pan of drestageed e each

conductor of the  fir l,ural. of cond s.i s capabl e of connecting to
one conduct or®“f Blsnenz Oaﬁg’fwﬁ’ﬁ‘%ﬂ‘wﬂ?’g‘@géﬁ%ondyct ors through the SN, -
is first desqpppfd- F16. 12 ARRAEs oﬂé’élﬁ%cﬁﬁl%h{&aséﬁééggf‘éda&ﬁfbeﬁ&% bcigag be
applied in a wde range of applications, when used, either 1n a single

st age, or usewilthingaretworkainpjenantingithe sshendspaspefahe 268N pf BIGdH A | arge switch
ngtwork used in switching, routers, and progranmable logic circuits. A

scal abl e non-}%f)}iﬁiﬂg Iﬁi’gdﬁ?’ﬁ@NnEt work is used to connect a
[0026] An innovative scalable non-blocking switching network (SN) which
lises switches and includes intermediate stage(s) of conductors connecting a first
plurality of conductors to multiple sets of conductors where each conductor of the
first plurality of conductors is capable of connecting to one conductor from each
of the multiple sets of conductors through the SN, is first described. The scalable
non-blocking switching network can be applied in a wide range of applications,
when used, cither in a single stage, or used hierarchically in multiple stages, to
provide a large switch network used in switching, routers, and programmable
logic circuits. A scalable non-blocking switching network is used to connect a

( - first set of conductors, through the SN, to multiple sets of conductors whereby the

conductors in each of the multiple sets are equivalent or exchangeable, for
example, the conductors of one of the multiple sets are the inputs of a logic cell
(which can be the inputs of a LUT or inputs to a hierarchy of logic cells). The
scalable non-blocking switching network in this present invention allows any
subset of a first set of conductors to connect, through the SN, to conductors of a
second multiple sets of conductors, so that each conductor of the subset can
connect to one conductor from each set of the multiple sets of conductors.
[0027] In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the

present invention. It will be apparent to one skilled in the art that embodiments of
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first set of conductors, through the SN, to nultiple sets of conductors
whereby the conductors in each of the nultiple sets are equival ent or
exchangeabl e, for exanple, the conductors of one of the multiple sets are
the inputs of a logic cell (which can be the inputs of a LUT or inputs to a
hi erarchy of logic cells). The scal abl e non-bl ocking switching network in
this present invention allows any subset of a first set of conductors to
connect, through the SN, to conductors of a second nultiple sets of
conductors, so that each conductor of the subset can connect to one
conductor from each set of the nultiple sets of conductors. [0027] In the
follow ng description, for purposes of explanation, nunerous specific

detalls are Sk ohQehlinldhehGely SbhiRéh Wndul Helaalinuagans! Ahag of the

pr esent |nvent| n be “apparent to one s in the art that
enbodi nent s o:[nstaﬁCEtShereMaemtstmmen and mra:tmss abeshomacinibded diegrivnforn rese

f det I h | 1-K t t ' it
e shown' | n Bk PELIERPIBIAY OR-OPLE TrErcH AT ECLRERPH Y obscur i ng

the present iduseRpticH)unfesy othelaSHebified ARS feliind btdPRam BhESdARRhWhe €
specified, the termns progra m control | ed switch and switch are

i nt er changeabivétdhrare frgere sdle g the igpateicafdhis gescaiptionh thet termpsprogragy am

cont our e T eiabelorl ah Sobeln GRLLoqlOBKbR N Srf gl kT

terns conducteil, are mt@ﬁﬁeingemle;n hercbntekd ¢fahid idesdriptien ciha ngarbaducior he cont ext _
of this description. It C should als e .noted that the present _invention
descri bes enbBeRAsHRPWh] léﬁa{?sléter‘ihaBéﬁag I ip dhe Gmtext RS descaption: e st ates of

v{t ches utiljzed, ﬂéd‘*én&t@ﬂﬂaﬂhe &8l 1n9§1?109%]e9&ﬁ)e§b odﬂé@%@ﬁfgﬁl “h is

fuse/anti-fuse te ogi es progr anmabl e, suc
vol atil e), Fuﬁ&gfa(mtnrmiml nmanmlrm—sebﬂhamatee)of switchos-utilieed, this comthol aicans s

OO o 1) i e ot BRR et RUBRLn, P ALt 0 8 ar LY
(SRAM, dynagg &AM M@lﬁ‘]ﬁﬁﬁﬁﬁ@ P’EK% RO\gp WHRE Whon eS8 ANEdrrd-URBric §HARAD! €
programuabl e read-only menory el ectrically erasable programmabl e
read-only is non-volatile), etc. Hence the present invention pertains to a variety of
processes, including, but not limited to, static random access memory (SRAM),
dynamic random access memory (DRAM), fuse/anti-fuse, erasable programmable
read-only memory (EPROM), electrically erasable programmable read-only
memory (EEPROM) such as FLASH, and Ferro-electric processes.
[0028] The concept of scalable non-blocking switching networks utilized in a
programmable logic circuit described herein can be generally applied to allow
( unrestricted connections between a plurality of conductors to multiple sets of
conductors, as long as the connection requirements do not exceed the available
conductors.
[0029] When a program controlled switch is used to interconnect one
conductor to another conductor, a driver circuit may be coupled to the switch to
improve the speed of the signal traversing those conductors. Additionally, if
multiple conductors (signals) fan-in to a conductor through program controlled
switches, it is possible to use a MUX scheme, if desired, to either reduce loading
on the conductor or to reduce circuit size, or both, depending on the process
technology used. In the case where 2 MUX is used, the multiple switches are

converted into a new switch mechanism where, the number of effective states are
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menory (EEPROM) such as FLASH, and Ferro-electric processes. [0028] The
concept of scal abl e non-bl ocking switching networks utilized in a
programuabl e | ogic circuit described herein can be generally applied to
allow wunrestricted connections between a plurality of conductors to

mul tiple sets of conductors, as |long as the connection requirenents do not
exceed the available conductors. [0029] Wen a programcontrolled switch is
used to interconnect one conductor to another conductor, a driver circuit
may be coupled to the switch to inprove the speed of the signal traversing
t hose conductors. Additionally, if nultiple conductors (signals) fan-in to
a conductor through programcontrolled swtches, it is possible to use a
MIX scheme, e dasl hethe btk Bf‘ﬁ)fritcfhgg}é%ﬁnécﬁéﬂ} R%naBidd bhensangimLor or to
reduce circuit size, or both, depending on the process” techrnology used. In
t he case whermraculanstate (eosedpontdives toithe svpitah if miultifle switcless veoavsd)ad i nto a
new swi tch nechani sm \/\/nerez1 t he naq}t};’er of effectjvg states ar 7 the sane
as the nunber°CBPeeiRgRRSnIucors apd fRY Yafes &t deispningd By PEYesHRIAGLe: he

particul ar st@hgol corresponding to the switch if nultiple switches were
used) in connecting two conductors and the states are determ ned by

progr amabl e [083Ht r oV arfone BTEs vhsclable nopddecking swisdhang networksirocki ng
swi t chi ng net escr,i k.nel udjn but. not lLimted t.0..stage-0
scal abl e non- (E’)rlg%dﬁ{d&slg\n t ‘u‘trl?g?ﬁ%‘?%’r %{agg'p §R§i?b1§ PRPPIcking swfchine

non- bl ocki ng wevbkNIOFRINY) et kcdldblShba-bidcREg-s¥itchihgl rRbL ek TO/SND| a6¥d-Ng
switching network (2-SN) and extensions to nulti-stage C scal abl e

non- bl ocki ng ssARblemoapladanmswidchapgmatyyark (ZeShhr andiiysasions faBuki-fege bl ocki ng
< chi ‘ . el . ARG g ‘

o1 | ol e BB BRRUAGRL Splind ARG B LRCPRRANOBSIVEAYL 10 |

(CLST4) ci r cblockigDswitehihgioktngris IseratchivhBy imoprebidogkintegeamettolityrtg net wor k 200

and i ncl udi n%riégrgrlflgnba%'ie logic circuits.

[0031] FIG. 1 shows an embodiment of a cluster (CLST4) circuit 100
including a scalable non-blocking switching network 200 and including k number
of four-input logic celis (where k=4 in this embodiment) 10, 20, 30 and 40 and
two Flip-Flops 50 and 60. Each of the logic cells 10-40 has four inputs 101-104
(NO[0-3]) for cell 10, four inputs 105-108 (N1[0-3]) for cell 20, four inputs 109-
112 (N2[0-3]) for cell 30 and four inputs 113-116 (N3[0-3]) for cell 40, with four
conductors 121-124 as the four outputs for cells 10-40 respectively. Switches
] 151-156 and 159, 160 are used to control whether a logic cell output drives a Flip-

Q Flop or the logic cell outputs to circuit 100 outputs 125-128 directly. The Flip-
Flops 50, 60 output to circuit 100 outputs 125-128 using switches 157, 158, 161
and 162. Additionally, conductor 131 can drive conductor 101 of cell 10 through
switch 141 and conductor 105 of cell 20 through switch 142. Similarly,
conductor 132 can drive cells 30 and 40 through switches 143 and 144,
respectively. Cell 20 can drive a neighboﬁng CLST4 circuit (not shown in FIG,
1) through output 122 using switches 145 to conductor 133. Qutput 124 of cell
40 drives out to conductor 134 through switch 146 in FIG. 1. Three other signals
135-137 are used to control the Flip-Flops as SET, CLOCK, and CLEAR,
respectively. Additionally, FIG. 1 has (X+1) conductors 180 (M[0-X]) fanning in



of four-input logic cells (where k=4 in this enbodinent) 10, 20, 30 and 40
and two Flip-Flops 50 and 60. Each of the logic cells 10-40 has four inputs
101-104 (NO[O-3]) for cell 10, four inputs 105-108 (N [0-3]) for cell 20,
four inputs 109- 112 (N2[0-3]) for cell 30 and four inputs 113-116 (N3[O0-3])
for cell 40, with foour conductors 121-124 as the four outputs for cells
10-40 respectively. Switches 151-156 and 159, 160 are used to control
whether a logic cell output drives a Flip- Flop or the logic cell outputs to
circuit 100 outputs 125-128 directly. The Flip- Flops 50, 60 output to
circuit 100 outputs 125-128 using sw tches 157, 158, 161 and 162.

Addi tionally, conductor 131 can drive conductor 101 of cell 10 through
switch 141 a : froGef1l 1 Wi | arly,
conduct or 13;}9%&93‘%%%&%%%3%3@ Zinlg ‘%‘%ﬁﬁ@ﬁ%ﬁ“@%ﬁ%@fﬁﬁd 144,
respecti vel y.cofdudto@MERX] dBY ae alledMybhdpciog WheSd M i gl o thewoambdrown i n

FIG 1) throygh output. 122 using,sw tche 45 tQ conduct or 133.. put 124
of cell 40 dr#&@g‘?‘tﬁﬂ‘ﬁs{%ﬁbﬂ?&g%’gpo‘ywn{?ﬁ%‘#@ﬂ' Hhedenitpadicorr ol PThe co

ot her si gnal sgr 136537] A11€1 A chiPedBE Ni @bnduRrE whPreMiiR e @ tomE: CLOCK,  and-
CLEAR, respectively. "Additionally, FIG | has (X+1l) conductors 180 (M 0-X])

fanning in Swmber of thputsevhinke isfont mehe empodimenOdf HI6 lusiarguepssaof ch net wor k
MIX 200. The ..caonductors. -X]. 180 are cal led. M conduct.ors re Mis equal
Yo the nunberSgPIEEy6SEE RS  HAT] ' opRas ERGob puRadrel kT e | nou
conduct ors Nifa(k dliffdremt dize Withdint Shdnglihlhd %@nﬁbﬁviﬁ%ﬂo?@h‘ B&schibeCRAGMCE Or S
where Ni is eﬂual to the nunber of 1nputs which'is four in the enbodi nent

of FIG 1. FdPORIr po¥&Ge? shows esembedimant whese MTX 200 of FillG=14s i s shown in

FI{G 1. Aterpativel i ha - di ff nt _sjze W . changi ng
t he- connecti \;Fﬁrfseélre%bé? ??ftggeé Q\Ig ?Efq%g%l n?nlg‘régc}cgl.ng S[thg%@]g nﬁfv@rﬁ éwghg\%lsd b%‘;m

enbodi ment whaeleNMbXde&0r p61-Fl 6Gs chnh&:tdBld @ahe3EY eendiétors 6f hgd40 scal abl e
non- bl ocki ng swi_ tching network (0- SI\? 300; each N conductor 101-116 is
connect abl e teonugtews 1§-2¢ sprictass §8¢4pf Fie 1y201-211 (M[0-10]), the number of

switches shown in FIG. 2 for each input conductor of conductors 101-116 is thus
(M-N+1) = 8 for the 0-SN 300 of FIG. 2. The switch network 0-SN 300 allows

any subset of M conductors 201-211 to drive one input conductor of each of the

lbgic cells 10-40 using the switches of 300 without any blocking as long as the
number of connections do not exceed the available interconnect resources (i.c.,
the number of M conductors driving the inputs of any of the logic cells can not
exceed the number of inputs of the logic cell). The scheme of FIG. 2 is an
_ improvement over a cross bar connection where instead of a full switch matrix

( comprising M x (k x N) = 11 x (4x4) = 176 switches, the number of switches is
(M-N+1) x (k x N) = 128. The 0-SN 300 in FIG. 2 allows the above stated
connectivity by assuming the four inputs for each of the logic cells as
exchangeable or logically equivalent (i.e., conductors 101-104 of cell 10 of FIG.
1 are equivalent or exchangeable) so it is only necessary to connect a particular M
conductor (i.e. M[4] conductor 205) to any input pin of a given logic cell (i.e.,
conductor 101 out of conductors 101-104 of cell 10 of FIG. 1 using switch 222) if
the connection requirement is to connect the particular M conductor to the given

logic cell.



conductors (e.g., conductors 180 of FIG 1) 201-211 (M 0-10]), the nunber of -
swtches shown in FIG 2 for each input conductor of conductors 101-116 is
thus (M N+tl) = 8 for the 0-SN 300 of FIG 2. The switch network 0-SN 300
all ows any subset of M conductors 201-211 to drive one input conductor of
each of the logic cells 10-40 using the switches of 300 w thout any

bl ocking as long as the nunber of connections do not exceed the avail able

i nt erconnect resources (i.e., the nunber of M conductors driving the inputs
of any of the logic cells can not exceed the nunber of inputs of the logic
cell). The schene of FIG 2 is an inprovenent over a cross bar connection
where instead of a full switch matrix C conprising Mx (k x N) =11 x (4x4) =

176 switches, nu i i (: = 1 The - 0- SN
300 in FIG Z[OQP%om%na%g?gtés%g?%gy ﬁsce(glnlngg%é%gﬁ&g@&%g%ﬁuﬁgshéoﬁ%e f our ,
i nputs for eaarba ofinittizationgian be abéanmEshed x Changenid, aisiig d SRIANMBMemoggui val ent
(i.e., conductors, 101-104 of cell 10 of FIG,, 1 are equival ent qr .
exchangeabl e) “&™ith sixdragsisipryas E?W@Bomﬁ%‘b‘iacgsb%{? aplesentel usBEduct or
(i.e. M4] co 3 : i i f j : kG (1. e.,
conduct or 101@@%&? éagé, ﬂ(g:‘gn BE%@SP%%?Q%%%B%?K%E% ﬁer%ﬁg?m lﬁfigi gVllﬁ‘tljés urlll(g switch .
222) if the Gbysigdtansistorseqosteadranteight input YIA¥ esing three prentdry bitacar\beconduct or -

to the given lqgic cell. .9 [0033 ndi op te I .used .in the
pr ogr ammabl e ‘&ﬁegg‘ﬂ?? ol 51'%%51[2‘%? i%‘]:%%r%lgﬁliyfgfq%?ﬁﬂﬁSﬁgggﬁéﬁéﬂﬁwcgﬁgﬁ For
exanpl e, usi ngriechSRAM the MITX sché&hd, tiveé Bit$ ifsurtdeaPatsphl ndperhii® dHe09r am
control for each switch inplenented using a passgate, the eight sw tches

23(5 228 of Fligvergergiorregensiate therrbgnpbmsas thirty ynirarsistpistyhicksise larggnsi st or s.

| fstead, an ej | ']M{Xﬂr ! . V. }S? ﬁ?ﬁ] u control
ei ght states lltegmet%okleq:g%ve f/ %%ﬁ%ggelp{oﬁsgusg?gﬁ@eé% I'ts g‘ﬁ%‘“fecﬂ%gg?w’%mches.
In the MUX sciregiam ¢dntedidrieash swinth. tBRriophsg gatasiuand 1pERHADS refiked | Nverter
(to regenerate. the si uses thirtii/ﬁfour trapsistors which is a large C

nal ) .
reduct i on frdﬁ%&@eMQWw%%w whilsy hergaggadgitonab fefays dradmthesishly cel | s
as the to one MUX.

[0034] FIG. 3 shows an embodiment where MTX 200 of FIG. 1 is
represented by using two stage-0 scalable non-blocking switching networks 330
and 320 with M=Ma+Mb =10 conductors 301-310 composed of subgroups Ma =
[A0-A4]=5 301-305 conductors and Mb = |B0-B4]=5 306-310 conductors. Each
Na= 2 for the upper two input conductors of each of the four logic cells
(composed of conductors 101-102 for cell 10, conductors 105-106 for cell 20,
conductors 109-110 for cell 30 and conductors 113-114 for cell 40) and Nb=2 for
C, the lower two input conductors for each of the k=four logic cells (composed of
conductors 103-104 for cell 10, conductors 107-108 for cell 20, conductors 111-
112 for cell 30 and conductors 115-116 for cell 40). A full sized stage-0 scalable
non-blocking switching network of FXG. 3 would have (M-N+1)=10-4+1=7
program controlled switches per input conductor. Instead, in the embodiment of
FIG. 3, the number of input switches is only four because of the separate Ma
conductors and Mb conductors (With Ma=MDb=5) and the number N is broken into
two parts (with Na=Nb=2). As such, the number of program controlled switches
per input conductor in network 330 is Ma-Na+1=5-2+1=4 and the use of program
controlled switches per input conductor in network 320 is Mb-Nb-1=4. While it

10



program control for each switch. The | oading on conductor 101 wll be
reduced using the MJX inplenentation while there are additional delays due
to the eight to one MJX. [0034] FIG 3 shows an enbodi nent where MIX 200 of
FIG 1 is represented by using two stage-0 scal abl e non-bl ocking sw tching
networks 330 and 320 with M=Ma+Mo =10 conductors 301-310 conposed of
subgroups Ma = [AO A4]=5 301-305 conductors and Mo = LBO B4] =5 306- 310
conductors. Each Na= 2 for the upper two input conductors of each of the
four logic cells (conposed of conductors 101-102 for cell 10, conductors
105-106 for cell 20, conductors 109-110 for cell 30 and conductors 113-114
for cell 40) and Nb= 2 for the |ower two input conductors for each of the

k=four logic g hdt SIRRRSHY -5 cof S , l; nduct ors
107108 or TSl AR SS o RS Lo ol e ubr (R o e HEN L C 008

for cell 40).fonr fogid cedls meing setvgek 338 cwlinthinghe cromedtiatykillngrased indfliGh@ net wor k
of FIG 3 wou) d, hav M N+1) =10-4+1= rogram caontr.ol |l ed.sw_ t ches, per input
conductor. In ‘ééﬁ}lﬁjﬁr % C)QH% rﬁéﬂ%—%?’co%ﬁ@gwgtwpﬁgqua% f3gr Ipgigut
switches is ogy uﬁiﬁgheﬁﬂﬁﬁgig), s hbﬁn&aﬁﬁrﬁy%r%mgqeagpfmm],m-% _
conductors (with Ma=Mo=5) and the nunber N is broken into two parts (with
Na=Nb=2) . As tedetrin torthe furthegic e¢lisis egyr Ehis comstnaisit peayesisiatlitrey  per i nput

conductor in network 3 IS - Na+1=5-2+1= d the. use of. Qgr a

cont ol Led svrvegets 3 kontRilRimRema ] el iah i3 dlalIRBNaT, i e
it 10 is trL@.\TiBmaﬁmwm-ﬁ%\ﬁ@@ﬂlﬂﬁd@i%-@mwéhﬁgblb@kﬁxge upper two
inputs of the four logic cells using network 330 mai ntain the connectivity

i \Iléu_st rated ifivifchgg netwesks d2Qiapd P30 togethenandisiinreoremicdplanatativnithe | over

o LnBUL S T8 L sl L P pRPEREKpciPhgad b gl |,

so. This consdffaisih bpslekesping ardirdckargthasbowgrtien somdiicivtCeagelarle ancre

Fonever ' he PR W48 (A SBBE ABAIG! DRl (rop Allows at Iasteighi M eonductors
out of ten to be arbitrarily connected to the inputs of the four logic cells, where
each one conductor connecting to one input to each of the four logic cells using
networks 320 and 330; the constraint here is that the ten conductors can not be
arbitrarily assigned as in the FIG. 2 case.
[0035] In embodiments of the present invention, a first group of conductors is
connected to multiple groups of equivalent conductors using a switch network.
Thus far a 0-SN has been presented, where there are (M-N+1) x N x k switches to

. provide unrestricted connections between a first set of M conductors to multiple k
(, sets of N conductors where any subset of M conductors can connect to one

conductor to each of the k sets of N conductors using the 0-SN without any
blockage.
[0036]  FIG. 4 illustrates an alternative embodiment scheme where the
number of switches used in the switch network can be greatly reduced without
changing the connectivity property of the 0-SN. FIG. 4 shows an embodiment
where MTX 200 of FIG. 1 is represented by using a stage-1 scalable non-
blocking switching network (1-SN). The 1-SN 400 connects a M conductor of
conductors 401-411 to a N conductor of conductors 101-116 using two switches

of the 1-SN 400 plus one intermediate conductor. Instead of directly connecting
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swi t chi ng networks 320 and 330 together can be an econom c inplenmentation to
C provide good connectivity for a progranmable logic circuit while the
software efforts in book-keeping and tracking the all owable M conductors
usage are nore conplex than the scheme of FIG 2. FIG 3 allows at |east

ei ght M conductors out of ten to be arbitrarily connected to the inputs of
the four logic cells, where each one conductor connecting to one input to
each of the four logic cells using networks 320 and 330; the constraint
here is that the ten conductors can not be arbitrarily assigned as in the
FIG 2 case. [0035] In enbodinents of the present invention, a first group
of conductors is connected to nultiple groups of equival ent conductors

using 2 swi t S RELIRbtors 2011 B e SN BRSO TR fillyalifier © there are

(M N+1) x N X ovide unrestr connectto

first set of N&4eo@OOIRIG, @ wherd 178 Svikches gesisad, tiN CSNUOT R GMAEr e any
subset of M conductors can connect to one conductor to each of the k sets

of N conduct dio8neRss f ernsluglost0TNid o abpondcsenddely figbgempeting toq
I11ustrates adﬁifﬂe LR T En AR USAR Ny ]‘]fgkﬁﬁ'& ﬂ‘}géé—ﬁ Vah%lﬁtoutp%'ﬁg nd@ltoP Wi t Ches

used in the swtch network can be greafly reduc 0 angi ng the
connecti vi ty achentl switch B4l Of Sil-neflvaik 460s ISamiardy) tleeduach Misvhdusteer e MITX 200

of FIG 1 is yepresented using a -1 scal abl e non- bl ocking sw tching
network (1-S 03W80@%N° Goﬁ%&gﬁﬁéfﬁ_%gﬁ%ﬂégéﬁ@%]& ¢ ¥8¥duct ors 401-411
to a N condughf eciiat%%ﬂa&fc&&f@ﬂtﬂlfoﬁéﬂ@wﬂaiegggim:r.%\rﬂg ﬁﬁ?éspéeﬁvélk)?f g SN 400

pl us one internedi ate conductor. tead o I'Tect connecti ng the M
conduct ors 20:SHUDOtod Flbe 4khas einstycdfix Nvitdhed whiadris a 6% fed6ctidwioubh t he

ngtwork 300 of FIG .2 where 128 swi.tche S t 1-SN 400 in FIG 4
connects a MWBEf%‘?"%?WWP@f?W&”ﬁe ﬁrﬂﬁ%‘ﬂ%ﬁeﬁﬂﬁ&w%?lP connect i ng
to an intermBgiaike ﬁmﬁeé}_dﬂ%mahé&&g?&&ﬂwgf@-mﬁb&%{fggﬁg ad04af1b@pnt 0 the N

conductor 109 through switch 441 of sub-networ . Simlarly, the same M
conduct or blocking switching network with intermediate stage(s) of interconnect where each ‘

of the M conductors can connect, arbitrarily, to a conductor from each of k sets of
N conductors. The scalable non-blocking switching network is capable of
connecting a M conductor to more than one conductor from each of k sets of N
conductors; however, logically it is not necessary to connect to more than one
conductor in each of the N conductors.
[0037] FIG. 4 illustrates a 1-SN 400 with N sets of intermediate conductors I[;
_ for i=[1-N], where there are eleven M conductors 401-411, four sets of N
- conductors, 101-104, 105-108, 109-112 and 113-116, and k is four. The first
( intermediate conductors I;, for example, are the four conductors 451-454 that
associate with the first input for each of the N conductors, thus conductors 101,
105, 109 and 113. Similarly, conductors 461-464 are the I; conductors associated
with conductors 104, 108, 112, and 116. The (M-N+1) switches for each

conductor of the N conductors in a 0-SN are distributed amongst the

corresponding I conductors in FIG. 4. For example, the eight switches 431-438
coupling the M conductors 401-408 are distributed to the I; conductors 451-454
where each of the I; conductors couples to [(M-N-+1)/1;] switches, which is two.

In the example of FIG. 4, the number of intermediate conductors in each of the I;
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407 can connect to N conductors 101, 105, and 113 through the sane

i nternmedi ate conductor 454 through switches 442, 443 and 444, respectively.
The t-SN 400 of FIG 4 has ninety six switches which is a 25%reduction in
the nunber of switches conpared with the 0-SN 300 of FIG 2. It is possible
to reduce the nunber of switches required in a 0-SN by creating a scal able
non- bl ocking switching network with internedi ate stage(s) of interconnect
where each of the M conductors can connect, arbitrarily, to a conductor
fromeach of k sets of N conductors. The scal abl e non- bl ocki ng sw t ching
network i s capable of connecting a Mconductor to nore than one conductor
fromeach of k sets of N conductors; however, logically it is not necessary

Lo comnect t Qoflictork AP EenG QNG ThRBGD: B  hiforh faRBMGLOT S, [0037]

FIG 4 illustrates a 1- sets of Inferne e conauctors |Ii for

i=[1-N, mer&sérﬂfeﬂ%eﬁﬁ»?. gihevesN o6 P HIG! £hsk fflollNﬂ)lxl\fDEﬁmS,:‘?I_ﬁ (@ifx N )
conductors, 101-104, 105-108, 109-112 and 113-116, and k is foulr. The first

i nternedi ate 19p£@9¢@@£@alswitcﬁ&rwﬁef@m£ fhe rRhibet Bt RMEIRRNINALAES A5 1- 454
that associate with the first input for each of the N conductors, thus

f
conductor s asegnoiiags bl ifiRtadite GRS T RN SOMIC MR AL 0y 20y
switches for sﬁﬁ%omfe%ﬂgﬂ)ﬁg%ie@-aé@%r geawéttpmg%oiomd?z?é%n% ir%iatﬁ%ri but ed

anongst the correspondi conductors in Fl 4. For exanple, e eight
swi t ches 431-cé8Buctamithé Mycdndactivisdomde comtustod 0f exblidk steofdV sondustired t o t he

It conductors, 451-454 where each, of the Il c¢onducto uples to
[(M N+1)/h] SHOPEhEY S‘O(H\A/"Elteﬁa}l OPW?emeﬁlq%F@n@&gﬂﬁPé‘éﬁ ‘.ﬁ)ﬁep 4, the nunber of
i "éwer nmedi at e {%UNH{&&IE’S@QO@O{’EG@ ahﬂrN(-ﬂﬂ%leC&rM%h@tﬁc‘ioﬂs%af/é)th@- General |y,

different Ii not be a uniform nunber (as described below). The 1-SN

400 of FIG 4pp@pribteMhditd bf ¥witcites 36! Mifferdnt NNlets(dfil; dondkdtbrsT 182 t@4mple 6

swi tches where Ii is the nunber of internediate conductors in each of N
sets of |i i rbeduvests 0%, 40dn408;aad 9410 Ifahd fotiNtfdO 19+4)IB1 cdndidt@ns t he

where conductor 401 connects to conductor 451 (of the I; conductors) through

switch 431; conductor 404 connects to conductor- 466 (of the I conductors)

through switch 446; conductor 405 connects to conductor 467 (of the I3

conductors) through switch 447; and conductor 410 connects to conductor 464 (of

the I3 conductors) through switch 427, Any subset of the N-tuple of M

conductors has the same property connecting to the intermediate conductors.

Additionally, each intermediate conductor of I; conductors is connectable to one

( N conductor in each of the k sets of N conductors. For example, any conductor of
conductors 451-454 is connectable, through the switches in sub-netwofk 450, to
conductors 101, 105, 109 and 113. Similarly, any conductor of conductors 461-
464 is connectable to conductors 104, 108, 112 and 116 through switches in sub-
network 420.
[0039] FIG. 3 illustrates an alternative embodiment of a 1-SN representing
the MTX 200 of FIG. 1. In 1-SN 500 there are twelve M conductors 501-512,

four sets of N conductors 101-116, and N sets of intermediate Iy conductors 521-
523, I, conductors 524-526, I3 conductors 527-529, and 14 conductors 530-532

where M = [;+1,+13+H; or I; = M/N = 3. The number of switches in FIG. 5 is
13



same connectivity property as the respective 0-SN 300 of FIG 2, connecting
any conductor of the M conductors to one conductor of each k sets of N
conductors through two switches and one internediate conductor in 1-SN 400.
[0038] In the 1-SN 400 of FIG 4, any N-tuple of M conductors have the
appropriate choice of switches to different N sets of Ii conductors. For
exanpl e, conductors 401, 404, 405, and 410 are the four-tuple (N=4) of M
conductors where conductor 401 connects to conductor 451 (of the I
conductors) through swtch 431; conductor 404 connects to conductor 466 (of
the 12 conductors) through switch 446; conductor 405 connects to conductor
467 (of the 13 conductors) through switch 447; and conductor 410 connects

t o conduct or ﬁ(@ﬁ_ﬂ, h 4 & Loygh 1 O set of
the N-tuple o cgz}étlﬁct g}né 'ﬁi‘g?ﬁ}%gf(g;sz)rrg%?oper’t‘?ﬁ%%@%@%ﬁ& @gx‘fcﬁlgcp

i nternedi at e koRdMehafidred aAd dirty POAsWYches agda bibEbaBIhAH BatORUGindfedOf |
conductors is connectable to one N conductor in each of the k sets of N

conduct ors. Py netbyve switahese Jhg sersctivity pioperivet bed -3 F0R 9L FIG. 5 is

connect abl e, I 1 i - . rs 101,
08 500 ana AN oS BNEASAP Surlilh SHPEARCARY K shOlho drIF A OHEESTS
connect abl e tateemediatt @hdudOr,and G&tcHes? Thvdlldstatidbly ia UG, FvnddHIEsS i n sub-
network 420. [0039] FIG 5 illustrates an alternative enbodi mrent of a 1-SN
repr esent i ng haveehditst 200f aftedme@iatd [ donddetSN (Shduttoey 451a4 %4 ¢ fIEIG.al dvid
conductors 501-512, four sets of N conductors 101-116, and N sets of

i nt er medi at e ¢andgeatifkle?23 FEFIG. 5 somrciingidrondirctors 101 5008, 183 1ddnduct or s

527-529, and 14. conduct.ors 530-.53 ere = 11+12+13+ o Li = MN = 3.
T}‘é ounber of aEH o 8 S e Oféa‘%%s"ffge f"(“ﬁ/[ﬂ"r%#"ﬁehijlﬁr“b %tﬁcﬁg[, hl-fﬂﬂgh(li x k)1
6+48 = 84.svhitches bESHOMvIk 450 PG Udnd RAELRNE shsLpagfrsk andqd er ty four
switches and a cross bar would have one hundred and ninety two swtches.
The connect i VFIG. Hrepectivelyof Ah bgually SiRfebidl dbferratiGe isoicennddheachasaols t hose
di scussed earlier with respect to 1-SN 400 of FIG 4 with fewer
conductors to any one conductor (instead of the i one) from each of the four

logic cells as long as each of the four inputs of a particular logic cell in this
example are covered by a different set of I; conductors.

[0040] FIG. 6 illustrates an embodiment of a different version of a stage-1
scalable non-blocking switching network having a stronger connectivity property
than the 1-SN 500 of FIG. 5. While requiring more switches, the twelve M
conductors, 601-612 (M[0]-M]11]) of 1-SN 600 are connectable to all the

C' conductors in each of the N sets of I; intermediate conductors 621-623, 624-626,

627-629, 630-632. This is in contrast to the coupling to (M-N+1) conductors of
the M conductors in FIG. 4 and FIG. 5. In 1-SN 600, conductors 601-612 are

connectable to I; conductors 621-623 through the switches in sub-network 620.
Conductors 601-612 are connectable to I; conductors 624-626 through the

switches in sub-network 640. Conductors 601-612 are connectable to I3
conductors 627-629 through the switches in sub-network 650. Conductors 601-
612 are connectable to Iy conductors 630-632 through the switches in sub-

network 660. The twelve M conductors 601-612 in FIG. 6 have a stronger

connectivity property compared to the 1-SN 500 of FIG. § where one conductor
14
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i ntermedi ate conductors and swtches. The illustrations in FIG 4 and FIG 5
have the first set of internediate 11 conductors (conductors 451-454 of FIG
4 and conductors 521-523 of FIG 5) connecting to conductors 101, 105, 109,
113, which are the first input of each of the four logic cells 10-40 of

FIG 1, through swtches of sub-network 450 of FIG 4 and sw tches of
sub-network of 540 of FIG 5, respectively. An equally effective
alternative is to connect each set of Ii conductors to any one conductor
(instead of the irh one) fromeach of the four 1logic cells as |ong as each -
of the four inputs of a particular logic cell in this exanple are covered
by a different set of Ii conductors. [0040] FIG 6 illustrates an enbodi nent

of a differe JEN P | < I: SWM i.ng network
naving a ot r GROUT S o B it sAEALP) EnfR b YRUASNTIIGIAT "RLIP
requiring norof abywof he&Ssetst s dnvedaupldylin gRrétbolRi:t b 81666 20y Mr&j-- M 1 1]) of

1- SN 600 are connectable to all the C conductors in each of the N sets of 1Ii

i nt er nedi at e teRIpERYEier -Gl 605-608.4199-612d o Megrmdugtors) 6P coMMgEoi s i n

3 and 7l o 5o P g R SR ARG bors BER BRI, " T O
conduct or s 62He B3BI, bt tho ghnduveors withirheseh ifourstuple s efevtrataa by x clusBondubid or s

601-612 are connectable to 12 nducf ors, 624-626 thrqugh the switches in
sub- net wor k 6B¥! IW&%‘{”@P@OGO%]S%T?“ ‘?ré’%éWHFﬂé%tr%P’@dﬂB is 1-30%A80et or s

627-629 thro he..sw tches in sub-netwyk 65 ductors 601- 612 are
connect abl e 't*gﬁl I%Bﬁdi}&ﬁowwggﬁiﬁh_\rﬂ%%@%Tﬁ@SE %hes in sub- network
660. The twel co rs - 612 i |G, e, a stronger connectivity
pr@perty conﬁg‘?“elgﬂ tﬂﬁ%@ff%{ﬁﬁggéﬁwg%a,?{@ﬂg%&ﬁ%},@gﬁggﬁﬁﬁﬂ%ﬁ 14 of MIi
conduct ors cagquiedps hegrdiffiersadednit@ebn [(MCRRNEEN o 1] andecNii rx N €pmductors  of -
any of the k sets. As an exanple, in the enbodinent of FIG 6, any of N

t upl es condueyprsliek)] 8othe cau{dlis, S whae GYPN¢bF ofithe dh derstugtazy atsan connect to

any specific input conductor of any of the four (k=4) sets of N conductors
usi ng connectable through the 1-SN to'the I; conductors in each of the N sets of [;

conductors. The difference between a 0-SN and a I-SN in terms of switches
required is the difference between [M x N x k] and [M x N -+ sum ;157 (lix k)]
in the case of FIG. 6. If we simplify each I; =k, then M is at least [k+N+1/(k-1)]
for the case of FIG. 5 and M is at least [k+1+1/(k-1)], it is worthwhile to note that
the scheme of FIG. 5 still works for M to be less than the number(s) above.

Additionally, in order for the scheme of a 1-SN to work, the number of switches
- per intermediate conductor [(M-N+1)/L] may not be greater than N without

( loosing the non-blocking characteristics of the SN. The number, [(M-N+1)/1},
may not be an integer, in the case, an integer number P; is used by rounding the
number (M-N+1)/I; up or down while the sum j=1.5) P; = (M-N+1). Similarly, for
the case of FIG. 6, M is used instead of (M-N+1) so P; would be the integer
rounding up or down (M/T;), while the sum j=[;.n)P; = M. Furthermore, in the
examples of FIG. 4 and FIG. §, the .number of intermediate conductors sum ;1.
Nfli is bounded to be at least M and if k x N is greater than M, the sum i35 |j
can either be M or k x N or some number in between; while each individual J; is

bounded by M/N, k or some number in between and since M/N may not be
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the 1-SN, but the conductors wthin each four-tuples are nutually exclusive
to the specific input conductor. The nunber of switches required in this
1-SN 600 of FIG 6 is [Mx N+ sumi=[1-N (li x.k)] = 48+48 = 96 switches.
[0041] The difference between a 0-SN and a 1-SN in ternms of swtches ‘
required is the difference between [(MN+1l) x N x k] and [(MN+1) x N + sum
i=[I.N (li x k)] inthe case of Fig. 5 where (N4A-N+ 1) of the M conductors
are connectable through the 1-SNto the Ii conductors in each of the N sets
of Ii conductors. The difference between a 0-SN and a 1-SN in terns of
switches required is the difference between [Mx N x k] and [M x N + sum
i=[1-N] (li x k)] in the case of FIG 6. If we sinplify each Ii =k, then M

vt/ (ks 1) FPGe RS o P red2F of Bl ) S aoolORG s BB
wor ks for M ttﬁ’at@ﬁd&ﬂ%ﬁlﬁﬂﬁ?nbhﬁe UPREY deson. VS j= rgf\qiﬂl tionally, in or der for

the schene of a 1-SN to work, the nunber Of switc per internedi ate

conductor [ (pe42])/ | F’,[Gnaylhmrhteben gmbadiaient Waere fharhiribeitof stvitoldsrig thehe
non- bl ocki ng characteristics, of the SN. The nunber, h@M N+1)/1i], nmay not
be an i nt egermbodinped of ¥lG. 6 aweﬁmeégwh%%éh change $o Hee@BREvElindi ng t he

for the enedroperp LR 1 SR 3 Spledb P diliphiele ol bgarigS 1 DL
i nt eger r oushontegl ump:oﬂducdmvﬁ!l( MSridu):tor mz isshbtted mxmndmﬁtbr 68 Ricomdddtor

Furt her nor e, s of FIG. 4 FI G. 5, the nunper of

i nt er medi atedggﬁﬂé}%&o% uFtOEfzj;rQHFllcop C%éqgéﬂal egdo gpnqustor 63Qing i f k
>< N i s great ¢i1c BagnhMe tB@ﬁx&'éH‘sbvn[:ﬁesl\tﬂl sﬁB-an:th%H( @Ld Sﬁlale(g%b%%%leked %n}l Or sone

nmber in between! while each individ oun y K or sone
nunber in bethwermbadf sivitcleesis bightyyin K36 BenstGdiofmempey sigiiv FEGh6.elhelli- s an

i nteger by r down nd| |dual i may
not be unif o%ﬁ%ﬁbﬂ%sﬁ"ﬂew{ﬂmmo} L}ﬁﬁ C—F"lo(?é‘ﬂ%ﬂ Bt E?Gﬁ AR wdory ’
enbodi ment W5 %10 asHERe ﬁfon?zé\f écﬁ]h@énv'n? pedjRrty TR} BRI %OcpdesEr'ilﬁd 6is
reduced without much change to the connecfivity

in FIG. 6 and is a 1-SN with M=8. It is possible to further reduce the number of

switches, for example, by shorting more M conductors to the intermediate

conductors, but the connectivity property would be much reduced and the

software efforts in determining a connection pattern would become increasingly

more complex.

[0043] FIG. 8 illustrates an embodiment of a 1-SN with M=48, k=4, N=16

and I; =3 for i=[1-16]. Because there are 720 switches in 1-SN 800, a 0-SN

(w would require 2112 switches and a cross bar would require 3072 switches. Each

of the N(=16) sets of I; intermediate conductors, for example, 114, has three

conductors (inside sub-network 810) where the 114 conductors couple to (M-N+1)

= 33 M conductors in FIG. 8, each of the intermediate conductors couples to
eleven M conductors through the eleven switches in sub-network 811. By
introducing an intermediate conductor and an extra switch in the connection path,
the 1-SN 800 provides a large reduction in number of switches required compared
to that of'a 0-SN.

[0044)  In the various embodiments examples have been used where M is less

than k x N and M conductors are the conductors carrying fan-in signals while the
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property of the 1-SN. FIG 7 represents the reduction where conductor 601 is
shorted to conductor 621, conductor 602 is shorted to conductor 624,
conductor 603 is shorted to conductor 627, and conductor 604 is shorted to
conductor 630 in ¢ FIG 6; where the sixteen switches in sub-network 670 of -
FIG 6 are deleted and the nunber of switches is eighty in FIG 7 instead
of ninety six in FIG 6. The 1- SN 700 m nus sub-networks 710, 720, 730 and
740 in FIG 7 with Mconductors 605-612, has the same stronger connectivity
property of the 1-SN 600 described in FIG 6 and is a 1-SNwith M8. It is
possi ble to further reduce the nunber of swtches, for exanple, by shorting
nore M conductors to the internediate conductors, but the connectivity

property mu'psé@fom%BPa&@ %fm@éoﬁdaetoxﬂaffew«wth%zé 8hti sixgﬂagg%m ning a

connection pattern would becone increasingly nore conple FIG 8
illustrates awedmbdbk therhseo W acah-sBivplyiHalve MSMBwhére M iNafger thand * N. =3 f or

i =[1-16]. Because there are 7205 tches jn_1-SN, 800, - ld require
2115 ot { cho AR et O P esap ot santagns AfdoTas Rk ¢ | oo
N(=16) sets ofpoljya ﬂﬂqlﬁeﬂﬁhq?l@ﬁ%%fx%eﬁ@ufﬂs BHATOLColustdS of N%e LdNkee

conductors (inside sub-network 810) where the 116 conductors couple to
(M N+1) 3nliusingdbe i oS farhdp@po®, of @atrint edductien frnm@nxtecn @ttwebenduct or s

GO 5 10, SURERPLRON 015 e 0 Sh LS BETER B TS 1

connection pah&i-SN. hgd&n@hhlﬁﬂ%w@mu@teﬁ mllmgﬁos-mqwqrulaﬂdﬂum% of
swi tches required conpared to that of a 0-SN 044’- In the various

odi ment s éi%éliiﬁ)Wé@Uﬁé'Weéé'é?ﬁ ey eftheriapws os 011*@3@ Ofﬂ%%CfPJIS)bWﬁ@eM
% ductors ary f«‘% g@ﬂ&!ﬁ%‘? {iorusc o?@gih&%r&ohﬂecﬁ ﬂ?&‘!@ I Soﬁcf&%to 16 Set S

of “N conducto & condt recelrve t an-1n-sig fS' Thi
need not be tdme p(haahty dfequaraleﬂt epidyctbesvie satiSnivssppobdd o Cbﬂﬁ@ﬁbnﬂidﬂﬁn k x N.
ALer nativel v, v San SONS! 5% plulin ATk lert Kpdigfiduct o s 101- 104,
[0045] In designing interconnection architecture for programmable logic
circuits, it may be important to provide reasonable connectivity and adequate
interconnection resources based on engineering trade-offs such a circuit size,
speed and ease of software to place and route a customer specified design. There
is a ratio R between the M conductors and the k sets of N conductors where R =
M/(k x N); if R is too small, the connectivity is more limited than a larger R. The
circuit in FIG. 6, for example, has R = 0.75. We shall call R the expansion
exponent in building up the hierarchy of circuits using scalable non-blocking
C_, switching networks. A commonly used expansion exponent, for the design of a
programmable logic circuits using the scalable non-blocking switching networks,
is in the range between 0.5 and 1.0 and the choice is dependent on factors such as
engineering design trade-offs (i.e., logic utilization, circuit area minimization,
ease of software place and route, etc.), technology used (i.e., SRAM, anti-fuse,
ete.), ete. It is sometimes advantageous to exceed the range in parts of the circuits,
for example, in an output reduction where a large number of outputs are reduced
to a lesser number using a SN.
[0046] The previous discussion dealt with using 0-SN and 1-SN which can be

used to build up a circuit hierarchy for the interconnect of programmable logic

cells whereby each level of hierarchy contains several programmable logic
17



109- 112 and 113-116 in FIG 6 as sixteen outputs fromfour clusters of l|logic
cells and using the 1-SN for the purpose of output reduction from sixteen
to twelve where any subset of twelve outputs out of sixteen outputs can be
selected using the 1-SN. Additionally, the conductors 101-104, 105-108,

109- 112 and 113-116 in the various figures need not be either inputs or
outputs of logic cells but may be C a plurality of equival ent conductors
where connection to any of the conductor in one plurality of equival ent
conductors is sufficient as opposed to connection to a particul ar conductor
in the plurality of equival ent conductors. [00451 I n designing

i nterconnecti'on architecture for programmable logic circuits, it may be

i nportant to @i dethRIRPNSPH-SNCARMGCLENIh Yordieet RARABAL SondubloRy CONNect i on
resources based on englneerlng trade-offs such a circuit size, "speed and

ease of sof t iaraughoutghe eiscudis arsingdhevarioys stabahie n@pblﬂ(:kmgd\mh‘shmgn There is a’

ratio R between the nduct or s of N.co duct where R =
M(k x N); |fneﬁN?ré( S'tg% %ﬂrﬂqusﬂt%écr@eﬂﬁgﬁwﬁa?&gw Qg n f‘%ﬁfl‘rﬁan a |l arger
R The circuiignal bt dyGeve of tiRguichiampdhg to Rash Bn Zﬁamef tﬁ@ﬁigic &kl R the
expansi on exponent in bU|Id|ng UB t he hi erarchy of circuits using scal able

non- bl ocki ng Widkind he J-Sheas lengririgtesipnasgonent , for
the design of,.g @s%ﬂﬁ?ﬁg’{@p&ﬁcﬁﬁgk&uﬁﬁﬁf Hiabfs Usi ng the scal abl e non-bl ocki ng

swi t chi ng net\wor k ween 0.5 and 1.0 and the choice is

dependent on [Daﬂ]orsmhwhmabscrﬂnglamemmmgl mmuxgluﬁﬂﬁd@arﬁﬂxsbléilo@c | ogi c
utilization, girgcuit area mnimzati ??P (1( softvvare pl ace and route,
etgc.), techndiyy uswgstage-lgands %\S"é feqogehlocking gwijching petwpiksj s sonet i mes
O@mt ageous HiGRNEGRY. 6. mm'@raﬂegla@médlﬁfen% DOE MEXictSuit 260[n @¥ampl e, in
an~out put reduction where a |arge number of outputs are red uceé1 to a | esser
nunber usi ng GLSN cif@BD liﬁIFeIGpdemmwsetageslcmmb&mameﬁbtkmg switelsigmg 0- SN and

of pr ogr ammaBRET gt izlsén S By b sustefre i gy BldE e o

several prograaa ¢0d.99 5137116 where N=4, and N sets of I; conductors 931-934, 935-
938, 939-942, 943-946, for i=[1-N] where each I; = M/N = 4; the expansion
exponent R is 1.0 in the embodiment of FIG. 9.
[0048] By construction in building a programmable circuit, for example,
using a 1-SN 900 of FIG. 9, any subset of the M conductors 901-916 can be
individually connected through the 1-SN 900 to one conductor in each of the k
sets of N conductors. Those M conductors themselves then become logically

( : equivalent. For any signal originating somewhere outside the CLST4 circuit 100

of FIG. 1 to connect up to four inputs from each of the four logic cells 10-40 (one
from conductors 101-104, one from conductors 105-108, one from conductors
109-112, and one from conductors 113-116) of FIG. 1; it is only necessary to
connect to one of the M conductors. Thus, those M conductors 201-916 can be
treéted hierarchically as the N conductors (where N=16) where multiple new k
sets of those new N conductors cach having a circuit including four logic cells
and two Flip Flops together with the 1-SN are to be selectively connected through
a new switch network such as a SN by a new set of M conductors. This process
can be repeated till a desired circuit size is reached while the desired circuit

allows unrestricted connectivity as discussed above.
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circuits with associated 0-SN and/or 1-SN to connect to various conductors
t hroughout the circuits using the various scal abl e non-bl ocki ng sw tching
net wor ks. The previously descri bed schenes all ow connection to an arbitrary
signal at any level of circuit hierarchy to reach an input of any of the
logic cells wthin the hierarchy using the O-SNs and the 1-SNs as long as
i nterconnect resources and |ogic capacities remain available. [0047] Bel ow
is described a schenme in building up a programmable logic circuit using
stage-1 and stage-2 scal abl e non-bl ocki ng swi tchi ng networks

hierarchically. FIG 9 illustrates an enbodi nent of the MIX circuit 200 in
the CLST4 circuit 100 in FIG 1 using a stage- 1 scal abl e non-bl ocking

swi t chi ng K wi Gong PN f N
conductors 10 “@9 F?§352§%%%%555112 qg%%&éf%ﬁ&ﬁere ﬁiﬁ%ﬁﬁﬁ%&%ogets of I
conductors 93&&334um9®5y(338169890Qﬂﬁgﬁﬂn3a9¢6CU&ﬁ4hOﬂhfimG WM{ELBTéach i =

10043] By corPuctron IPRCTRAR Aot Crt el FaCEP e ghie Mo .
using a 1- SN s %%Jl%h@nte%usﬁ@yth§ LIEIed0Phf KIS MRl DEGIARIARLE can be

i ndi vidual |y connected through the 1-SN 900 to one conductor in each of the
k sets of Nwmn&swﬁ@ungh@wrmmfmmud\ﬂﬁxﬁﬂﬂtheﬁy fdveM isenxduetor$ ogi cal |y

equi val ent. FEor 0 in e _out si the ST4 circuit
100 of FIG P}gn% c{utcg) uﬁ% tgﬁ%ﬁ‘m%g Ol ®8ur 1 ogi ¢

cel l's 10-40 ((Q)“W[O 1, o8 [Oﬂl]ﬂaiﬁiﬁ:hﬁsel@dfﬁ‘éénd&&ﬁslﬂmlomqmﬁbofwﬂlﬁ%réoe' one
fromconductors 109-112, and one from conductors 113-116) of FIG 1; it is

Oty necessardpch of thegdh aerductass bﬁéﬂﬁﬁeqm dngtersriviieh eersespapd o, the pigstasn M
nductors 9QJ- %#@uﬁ‘i&@ 99%-91%6' ¢ %ﬁl@d krfﬁose nﬁ& ‘%ﬁﬁ c%ﬁ%ﬁc I}.Jﬂg@gfit%‘lgt ors (where

N="16) where e newk ew N'con Srs-each havi ng a

circuit incl Luﬂxmgowrcohd)@it@'s(mb'ﬂi and mﬂi dxmﬂfbomlea to[the tageutpats MiGEh t he
1-SN are to be sel ectlvely connected through, a new switch network such as a

SN by a new si7So108%, 48%oicthe faur Gy 14 Wd’é@%s 1QH), 1820, 18304048. (The| 5
desired circuitegi gﬁdﬁ&of&%?@%ﬁ]‘?O“EIP@Jﬂ%'V{n%qoﬁf $ctHbtifour conductors

and each of the four conductors corresponds to the four outputs 125-128 (O[0-3])
of the CLST4 100 circuit of FIG. 1. The expansion exponent R is again 1.0 in
this circuit 1000.

{0030] The use of scalable non-blocking switching networks in this next level

of circuit hierarchy, connecting large number of conductors to multiple sets of
conductors, is illustrated in FIG. 11A. FIG. 11A illustrates an embodiment, in
- block diagram form, of circuit MTX16 1050 of FIG. 10 where the sixty four M

{ conductors 1101 (M[0-47], OW[0-7], OE{0-7]) correspond to conductors 1055
and 1056 of FIG. 10. The first stage of intermediate conductors is composed of
NO (whére NO0=4) sets of sixteen 10; conductors (where 10; = M/NO = 16 fori=[1-
N0]) 1150, 1160, 1170, and 1180. The M conductors 1101 interface to the first
four sets of intermediate stage I0; conductors 1150, 1160, 1170, 1180 using the
switches of sub-networks 1110, 1120, 1130 and 1140. FIG. 11B illustrates a
scheme where conductors 1101 connects to conductbrs 1160 through sub-network
1120. The connection scheme where conductors 1101 connect to conductors
1150 through sub-network 1110, and to conductors 1170 through sub-network
1130, and to conductors 1180 through sub-network 1140 are the same as sub-
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all ows unrestricted connectivity as discussed above. 18 [0049] FIG 10
illustrates a bl ock di agram enbodi nent of a next |level of circuit hierarchy
CLST16 1000 using four sets of CLST4 100 of FIG 1 (CLST4 1010, CLST4 1020,
CLST4 1030, CLST4 1040 of FIG 10) where circuit MIX 200 is inplenmented
using the 1-SN 900 of FIG 9 and a stage-2 scal abl e non- bl ocking sw tching
network of circuit MIX 16 1050 with sixty four M conductors having forty

ei ght conductors 1055 (M 0-47]) and sixteen conductors 1056 (OWNO-7], ,
OCE[0-7]) and four sets of N conductors 1060, 1070, 1080, 1090 where each of
the N conductors has sixteen conductors which correspond to the sixteen | M

“conductors 901-916 of FIG 9. In FIG 10, sixteen conductors 1056 of the

sixty four M gongiciioNoFIER 1889 ThE 20muks SChidheONRaGhtdedn e our out puts
1065, 1075, 1085, 1095 of the four CLST4 100 circuits 1010, 1020, 1030,

1040. The siconduastorschl@lide Sresfownses ¢fdpistage, inteEAGLIFE condicitorg 118r sets of
f our conducto .of.the four co [ orresponds to.the four
outputs 125- 198% %—’ g??&not}nsthﬁbo&wq%ﬁﬁﬁé& ?;s(gps 4% nlyetlaﬂ?@ ®xpansi on

exponent R i SFRE®H, An hlténbiive fnkpilmEithga & 1 RAR (M-BRBI) x Nieswigdef scal able
non- bl ocki ng switching networks in this next level of circuit hierarchy,

connecting | drgfeadhumber of conductors to multiple sets of conductors, is

illustrated i G . EL Al r at inent, in bl ock
i ngr am £ or m09811c; , A6, 1gpBiadel ah htSub B e ARETERE IR et o0
conduct ors 11Q440tOrsAik0 iCMEQectnd NFEL 0T 10 cHRIERTN WML R2GRARTHGE pg;Ss 1055

and 1056 of FIG 10. The first stage of internediate conductors is conposed
of ~ NO (wher enfifmddiacepadaftorsil2bdal6 Oyhiclh nohuespond to| cundnetotsA 166 ok NO = 16

f i =1[1- . 1160, 1170, and 118Q..T conduct or 101 interface
LAY i, A e prternsanar oS24k 1106 (ConaGeroPerd €50, 1160
1170, 1180 usiRgudih® 1181116988 FEG. PLA). lwRiksrkd 1185, (180118533 raad 1140.

FIG 11Billustrates a schene where ‘conductors 1101 connects to conductors

1160 t hr ough Hubamdheveante circuit as sub-network 1165 to interconnect conductors 1150,
1170, 1180 to conductors 1151-1154, 1171-1174, 1181-1184 of FIG. 11A,
respectively.

[0052] In FIG. 12, the circuit TAl is a 1-SN 1165 of FIG. 11A where M
conductors 1201-1216 are the sixteen intermediate 10, conductors 1160 (I1_1]0-
15]) of FIG. 11A; sixteen intermediate conductors 1221-1236 are composed of
N1 (=4) sets of 11 (I15; = M/N1=4) conductors for i=2, j = [1-N1]: conductors
1221-1224, 1225-1228, 1229-1232, 1233-1236. The I13; conductors connects to
( the four sets of destination conductors 1241-1244, 1245-1248, 1249-1252, 1253-
i 1256 for j = [1-N1}, respectively. The 1-SN 1165 of FIG. 12 uses the same 1-SN
900 of FIG. 9. However, the 1-SN 1165 is one of four (sub-networks 1155, 1165,
1175, 1185) in a second part of a stage-2 scalable non-blocking switching
network (2-SN) 1050 of FIG. 11A where the conductors 1151-1154, 1161-1164,
1171-1174, 1181-1184 of the 2-SN are the M conductors 1060, 1070, 1080, 1090
of the CLST4 circuits 1010, 1020, 1030, 1040, respectively of FIG. 10. Each of
the CLST4 circuits 1010, 1020, 1030, 1040 corresponds to the CLST4 circuit 100
of FIG. 1 along with the 1-SN 900 of FIG. 9.
[0053]  The TAI1 circuit 1165 of FIG. 12 connects conductors 1201-1216
selectively to conductors 1241-1256; 1241, 1245, 1249, 1253 that are conductors
20



1120. The connection schenme where conductors 1101 connect to conductors

1150 t hrough sub-network 1110, and to conductors 1170 through sub-network
1130, and to conductors 1180 through sub-network 1140 are the sane as sub 19
network 1120 of FIG 11B. The nunber of sw tches used between the M
conductors 1101 to the four sets of first stage internedi ate conductors

1150, 1160, 1170, 1180 in this enbodinent is MKNO=256. As described in
relation to FIG 5, an alternative inplenentation is to have (M N0+ 1) x NO
swtches instead. [0051] FIG 12 illustrates an enbodi ment of circuit TAL
1165 where conductors 1160 is the second NO set of 10; conductors, where
i=2 and 10i = i nternmedi ate conductors 1201-1216 (which correspond to

duct 114 1241- 1256
(whi ch géfrespgﬁgﬁ%f TTorie) LA RS ot SR GRLMERIN For ke 1156,
1175, 1185 ofcoldi@tors 1060 464t Tieof €010-16])rof @IS Tas] 0 0lof REGWA k Sikdibilyt, 0

t t duct 1 1180 15
1171 1174 -1 sandti 1302ae. 1280, (Bs4apeendi iy A OOEHT o ié the
circuit TAL iyphigh %&ﬁf&ﬂ@ﬁ) Rr & e s&%n‘m%ﬁﬁd%o&?@ﬂ}'ﬁﬁﬁﬁ] %?g]t[()mles are the

si xteen intermedi ate 102 conductors 1160 11A; sixteen
i nt er medi at e 16l (3:153¥s108021 F1G380.aCenduipo 248, dR47,N251 - 1R55set s of 112]

1336 1508 1 5oha 388 1968682000 b 1! i bicchirefigma 6 Sr o8 2 S8t re 1 our

sets of deSt'M%bh&l&t&@'ldmt@I[& ﬂ%@tzg%é]fo%m@ﬂ%&o&m. @52, 1253- 1256
for j =[1-NJ, respectrvw The of FIG 12 uses the sane 1-SN

]F of FIG condocletsck244; hA81 1252, 1286 ares:ood@ct@ﬁs lﬂ@éu (N3P nEFior KA 1155
1

L eh ﬁé75ne”¥]16\§?5%<°1f°fp§?\ﬂs%fg pobBE ke ROAREIGS 1000 AOIE PR AIRTEN S 1154,

1161-1164, BFCLSTUD40LEFIGLI164 of the 2-SN are the M conductors 1060,

1070, 1080, 1090 _ _ o
[0054] In a 1-SN implementation of the MTX 1050 circuit of FIG. 11A,

M=64, k=4, and N=16, and in the 2-SN implementation, the number of sets of
each stage of intermediate conductors NO=4 and N1=4 where the product NOxN1
is equal to N. The number of switches in the 2-SN 1050 of FIG. 10 using a

stronger connectivity SN discussed in FIG. 6 and FIG. 9 is MxNO + sum j—[1.Ng]
[(10;xN1) + sum j=(1-N1] {155 x (10; /N1))] where 10; = M/NO for i=[1-N0], and
I1;; = 10¥N1 for i=[1-N0], j=[1-N1] in network 1050 so I0; = 16, 11;; = 4 and the
_ 2-SN of 1050 has 768 switches. A 1-SN implementation would require 1280

Q_ switches, and a full cross bar switch would require 4096 switches. In the case
where each I0; conductors interface to (M-N0+1) instead of M of the M
conductors, and for each I1;; conductors interface to (I0; -N1+1) instead of 10; of
the 10; conductors, the number of switches would be (M-NO+1) x NO + sum ;).
Noj [(10;-N1-+1) x NI) + sum j=[1.n1] (I x (I0; /N1))]. In the FIG. 10 case, we
have N=NO x N1, I0; =M/N0, I1;;=M/N=k, thus the number of switches in this
case for the 2-SN is [M x (NO+N1+k)].
{0055] As discussed earlier, each of the N conductors of the k sets of N
conductors in the different SNs does not need to be of uniform size. A SN can be
constructed with different sized N;’s where the maximum sized N;j is used as the
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of the CLST4 circuits 1010, 1020, 1030, 1040, respectively of FIG 10. Each
of the CLST4 circuits 1010, 1020, 1030, 1040 corresponds to the CLST4
circuit 100 of FIG 1 along with the 1-SN 900 of FIG 9. [0053] The TAl
circuit 1165 of FIG 12 connects conductors 1201-1216 selectively to
conductors 1241-1256; 1241, 1245, 1249, 1253 that are conductors 20 1161
(N 4-7]) of FIG 11A which correspond to four of the sixteen M conductors
1060 (CO 4-7] of CO[O 15]) of CLST4 1010 of FIG 10. Simlarly, conductors
1242, 1246, 1250, 1254 are conductors 1162 (N [4-7]) of FIG 11A which
correspond to four of the sixteen Mconductors 1080 (C 1 [4-7] of C1 [O-
15])of CLST4 1030 of FIG 10. Conductors 1243, 1247, 1251, 1255 are

conductors 1 f nggﬁ'la]ﬁg;’],; t he

si xteen M conduct %&%dﬁ%‘foﬁ IV%ua]u&% 0-1 1&%?50%‘%&4&%%@;@% FIG 10.
Conduct or s 12«dalled 2i48d NlBﬁRlng]tB@H afpRracRMBUTEDEN. 180de (H¥3h#rcbhhed®onFl G 11A
whi ch correspond to four of the sixteen Mconductors 1090 (C3[4-7] of

C3[ 0-15]) ofspetiStdticOwil] wdt réquie the smpllasikd Ny t@hdveShbierphaeatibhathaon of t he
MIX 1050 circuit of FIG 11A ~ M=64, k=4, and N=16, and in the 2-SN
i mpl enent at i AN, themelsmrﬁbengmm theeenngétivivquppestyaaféhoSNi disemmasdinglee irtonduct or s

n the 2. SN 1640 IgnsprEol kg i aondusdnd - Tharflsctos, I8 8 aeliccen i n

FIG 6 d FI C1i
(10 / Ni)n) ] V\}%er%té ﬁ)lrlvéfﬁi@cél\llgs}ﬂnﬂl TEépeHﬁl\%]ly, ﬁéél@bell‘% bf FI(?}UIrll&s-c;[ni} m:%e E :\IJO] X

j=[1-N1] i n napmllﬂl-mSOIIsSNIC(leIG ﬁﬁ’vltthon&ucioxarﬁdiltﬂié s\itchis of FIBS0 has 768

h t 1280 tch da full
iﬁgs‘; bor owiaimisBie e e Aot b2k ods g Kl shmie iy h&%é“@sﬁles@aﬁﬁsaih 10
conduct or s i nhRksasehdanWbMeework 686 he@eolicd Ph4 hke~utonfuch®es, and for

each [1ij conductors interface to (10i -NI+1) instead of 10i of the 10i
conductors, tthkenmmiioéthediN swFIGHes woul d ‘be (M NO+1) x NO + sumi-[1-

[0056] Multiple stages of scalable non-blocking switching networks can be
built using the schemes described above, for example, the MTX 1050 of FIG. 10

can be implemented as a stage-3 scalable non-blocking switching network using
N0=2, N1=2 and N2=4 with first intermediate I0; conductors 10; = M/NO, I1; =

10i/N1 and 124 =I1;/N2 fori=[1-NO], j = [1-N1] and k = [1-N2], where
NOxN1xN2=N=16 which is the number of inputs for each of the four CLST4
circuits 1010, 1020, 1030, 1040 of FIG. 10. Similarty, SN 1050 can be |
implemented as a stage-4 SN where N0=2, N1=2, N2=2 and N3~=2 with four

( intermediate stages of conductors connecting the M conductors to the N
conductors. The 2-SN implementation over the 1-SN implementation in SN 1050
of FIG. 10 has a reduction in the number of switches by the difference between N
x M= 16M and (NO+N1) x M = (4+4) x M = 8M; the 3-SN and 4-SN where
(NO+NI+N2) = (2+2+4) = 8 and (NO+N1+N2+N3) = (2+2+2+2) = 8§,
respectively, has no improvement over the 2-SN where (NO+N1) = (4+4) = 8. As
such, it may make sense only when the sum of Ni, the number of sets of the
intermediate conductors for each stage, add up to be less than the previous stage
multi-stage SN. Thus, it can be seen that for N=64, a 3-SN using N0=N1=N2=4
where (NO+N1+N2) =12 would be very effective in switch reduction over a 2-SN
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NO [(I1G -NI+l) x NI) + sumj-p_ NI (Ilij x (10i /N1))]. In the FIG 10
case, we have N=NO x N, 10i =M NO 11ij=MN=k, thus the nunber of sw tches
inthis case for the 2-SNis [Mx (NO+tNl +k)]. [0055] As discussed earlier,
each of the N conductors of the k sets of N conductors in the different SNs’
does not need to be of uniformsize. A SN can be constructed with different
sized Ni's where the maximumsized N, is used as the 21 uniformsized new N
and virtual conductors and switches can be added to the snaller sized N
maki ng the Ni appear to be of size N. Since the interconnection
specification will not require the snmaller sized NN to have nore connections
than N, there is no change in the connectivity property of the SN. As an

exanpl e, in usldg NI=NNsg faH (ND+NQY+ 15@h8 sﬁiilaﬂg@ﬂ%@gtm%véﬂﬂ—sw&heréo5- 108,
109-112, 113-116 as inputs for logic cells 10-40, respectively, logic cell -
10 of FIG 1N@ltonly three inputs 101-103. In SN of FIG 6 with M

conductors %60@7]] 2, Ei'ﬁ%é &Ja $av | @esgﬁﬁ]dat?voﬁﬁggg?%afcﬂtrm&%%hg ugllgg géﬁg%bﬁé s 621-632

stay the sa wi'th t exception ree sw S het wor k
680 and condumhédrlodkide swiechHing ndtwalks velrte daty fber M akdnctotstfawin fohe SN in FI G

Ui 11 ust ng. (RBMESEITBiIE: AdeeN PHRAROT N oK eI S FREMABKSI050 of F1 G -
ul usi ng | ;2 ; : (0]
10 can be i npkeapot e sB%y fus MEGadcRE AR LSt _&nhbae&{megwtéeﬁhi ng network

using NO=2, N1=2 and N2=4 wth first internmediate 1O conductors 10i =
M NO, 11 ij = oulpity ™ caghdf th@ifplr CLET4 (§25N28fad 10D i FIG11)NGcpitp, profilinl | and k

= [1-N2], wh 1xN2=N=16. whi ch is .th nb f i - h of th
four OL5Ta PSS GUNBeUoRs S HeapptP o a1l ghisencoss el T el ¥an 2050
C£ be inpl mﬂ&@ﬂmﬁr@y&hgﬂae&hwrmﬁmswraa olNEFG, 1 WEhadarckey3=2 Wi th

four internediate stages of conductors connecting the Mconductors to the N
conduct ors. Thglemested asphe S 300 o FKv.&r where C1.SIN T08piae fantfamtioput n SN 1050

of F1G 10 has,ig LiRHEA0 8 hib hRenlsiBecho 8 sl 6150, 1Y TGl dilREenCe
second level of circuit hierarchy is the CLST16 1000 circuits of FIG. 10 having
four CLST4 100 circuits with a 2-SN MTX16 1050 as shown in FIG. 10, where
the network 1050 implementation is illustrated in FIG. 11A, FIG. 11B and FIG.
12, In CLST16 1000, each of sixteen outputs 1065, 1075, 1085, 1095 (connecting
directly to conductors 1056) has unrestricted connectivity to every logic cell in the
CLST16 1000 circuit and the other 48 M conductors 1055 of FIG. 10 can be
treated as the N conductors of the CLST16 1000 in building up the next level of
: circuit hierarchy. The sixteen outputs 125-128 of CL.ST4 100 in FIG. 1 for each

Q,. of the four CLST4 circuits 1010, 1020, 1030, 1040 of FIG. 10 are directly wired
to sixteen M conductors 1056, whose outputs can further connect, through a SN,
to the next third level of circuit hicrarchy using CLST16 1009 circuits as building
blocks and the forty-eight other M conductors are the equivalent pins or input
conductors for the CLST 1000 circuits to provide continued high connectivity in
the programmable logic circuit.
[0058] The CLST 1000 circuit of FIG. 10 is illustrated using a 2-SN
cascading four 1-SNs with sixty four M conductors 1055, 1056 and sixteen four-
input logic cells organized in four groups 1010, 1020, 1030, 1040 using a total of
1280 switches amongst the various SNs: SN 1050 of FIG. 10 and SN 200 of

23



Xx M= 16M and (NO+tNl) x M= (4+4) x M= 8M the 3-SN and 4- SN where

(NOtNI +N2) = (2+2+4) = 8 and (NO+N +N2+N3) = (2+2+2+2) 8, respectively,
has no i nprovenent over- the 2-SN where (NO+tNl) = (4+4) = 8. As such, it may
make sense only when the sumof N, the nunber of sets of the internediate
conductors for each stage, add up to be less than the previous stage
multi-stage SN. Thus, it can be seen that for N=64, a 3-SN using NO=NI =N2=4 -
where (NO+N1+N2) =12 woul d be very effective in switch reduction over a 2-SN
22 using NO=N1=8 with (NO+Nl) = 16 and simlarly for the 2-SN over 1-SN
where N=64. [0057] Thus we have described two |evels of circuit hierarchy
usi ng scal abl e non-bl ocking swi tching networks where sixty four M
conductors f @G, 1 hPeachPROGL1010L1040UGN1E. 20. SThaCHSTTN00irdnibh Fi® Xt een
four-input logic cells. ~ Sixteen of the sixty four Mconductors are directly
connect ed t o cehbawi s dternatiygipplemeptationabing s 15 witusixgIfsmaM( 125- 128 of 100

in FIG 1) ci I Vi di I ricte onnectio fram,any output to .
all sixteen Icég%E%glﬁé%+§ZB% arliéﬂfoflgfgeéé., ti)ocgnglil# rﬁiutsmlgiqﬁ? %F@‘r??si ncl udes the
circuit CLST4ist0&edlin FIG 9.1Thé hiimMI6r 200 chdsiPMERENTR= 2380 ind theN 900 of

FIG 9 where CLST4 100 has four four-input, logic cells 10-40 and_ two
flip-flops 5@nalges discassedherch At wrnsioutkdhip gase, bothiag 1-Sdbimplementyléan of

circuit hier i g I.r.cui . having four CLST4
100 circui ts%\n&thﬁe éﬂ%@ﬁeﬁg}é@ﬂ@%@%@eg%g\%\}wlﬁ?ﬁgﬁﬁé%Té?s'wher e the network
1050 i npl enej@@39] on The de¢disist iradetetmining WBichlitndleridriatidnlis nsoted shitaBle 12. I n

CLST16 1000, each of sixteen outputs 1065, 1075, 1085, 1095 (connecti ng
dl<ectly Lo SR GRS REEPriRg b 905 &y S'cwhﬁrgewmuwnméw&y | ogi ¢

cell in the fLEHkOHBACiM Mbk ihte%ﬂ%iﬁ@%ta%&@fc&f}%%%{%&%gg%hcf‘fé.slﬂlOSS of FIG

10~can be trle ted as the N conductors of "the In building up the
next | evel ofmbofingant or hikteenrinp MUTKeandiloss asmboutipotesme@istelse@endf CLST4 100

IFln GFI (130 ;r Lﬁﬁ?&@ﬁ’?‘{%%ﬁﬁﬁg% %%%)legnlég’;raétlioﬁiisrl%gli'etp%etjégajb?é US:%I(I)gZ gRAM’SO’ 1040 of

technology, whether one style is more suitable in layout implementation, ete. It is

important to note, based on the above analysis, that it is preferable to have a
reasonable sized base array of logic cells connecting through a SN so the
overhead, in total switch count, in stitching up several base arrays of logic cells
using another SN in the next level of circuit hierarchy does not exceed
implementing a larger sized base array of logic cells. In most programmable logic
circuits, a base logic cell (of a logic cell array with a SN) usually has either three
inputs or four inputs, and it is reasonable to see, from the illustrated examples

( discussed above, the number of logic cells, k, in the base logic array should not be
a small number, or rather, depending upon the size of N, k x N should be of
reasonable size (e.g., the CLST4 100 circuit of FIG. 1) for a SN to be used
efficiently as the interconnect network.
[0060] Using numerous embodiments and illustrations, a detailed description
in building various scalable non-blocking switching networks is provided and
used in various combinations to provide interconnect, both for inputs and outputs,
for programmable logic circuits. _Dependihg on technology and engineering
considerations, variations in implementation of the scalable non-blocking
switching networks may be used, including, but not exclusive of, the use of

MUZXs to reduce number of memory controls, switch reductions, etc.
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to sixteen M conductors 1056, whose outputs can further connect, through a
SN, ~to the next third level of circuit hierarchy using CLST16 1000 circuits
as building . blocks and the forty-eight other M conductors are the

equi val ent pins or input conductors for the CLST 1000 circuits to provide
continued high connectivity in the programmable logic circuit. [0058] The
CLST 1006 IeAlMRit of FIG 10 is illustrated using a 2-SN cascading four
1-SNs wit I . r. M conductors 1055, 1056 and si xteen four- input |ogic
cells org‘?m}r‘ﬁﬁzlge(%i‘x‘u“%e%ﬁ%ur groups 1010, 1020, 1030, 1040 using a total of 1280
swi tches anongst the various SNs: SN 1050 of FIG 10 and SN 200 of 23 FIG 1
for each group 1010-1040 of F|G 10. The CLST 1000 circuit of FIG 10 can
have an df A@Rsetaled GEEHILSMIIS%N using a 1-SN with sixty four M
conductors, k(e.g., 16) plurality of N(e.g., 4) conductors using the nethods
di scussed 4 : ‘ itches is Mx (N+tk) = 1280 using the
anal ysi s%&}rgtégé@elgg%fehﬁgﬁ@%@?{oﬁgﬁ(ﬁ%&ﬁt, inthis case, both the 1-SN

i npl enentation and the enbodiment of FIG 10 has the same nunber of

swi t ches . seHaHIurkiE STaCdetd BTN hiimger @odhdidiets (1B0¢ huinBBY SFBRREadbRN ahd NMore
suitable w |l ‘depend on engi neering considerations such as: whether a
four-input MJUX inplenmentation with nore internedi ate stages of conductors

i n the FlaGwittBingewboak (BN), wirersin M éeat1¢asplrtN Mbérakds atdsast tworlnet No§ at

inter msdilatﬁ stages of conductors in the 1-SN inplenentation is nore

pr ef er abl'&t¥%g SRAM technol ogy, whether one style is nore suitable in

| ayout inplenentation, etc. It is inportant to note, based on the above
anal ysi s ywihah tl SN sompRiiLr abl e to have a reasonabl e sized base array of

| ogic cells connecting through a SN so the overhead, in total switch count,
in stitching up several base arrays of logic cells wusing another SN in the
next | evelplmhlitiofeuiitchds; er ar chy does not exceed inplenenting a |arger sized
base array of logic cells. In nost programable logic circuits, a base

|l ogic cell (of a |ogic cell array with a SN) usually has either three
a third plurality of 10 number of conductors, including NO sets of 10; number of conductors

for i=[1-N0Q], wherein NO is at least two, N is at least N0, 10 is at least equal to M and
between M and (kxN) when M is less than (kxN);

any two conductors of the first plurality of M number of conductors to selectively couple to
at least two different conductors selected each from at least two different 10, number of
conductors and 10, number of conductors, respectively, for p, q=[1-NO] through the

plurality of switches without requiring traversal of another conductor;

a first conductor of said at least two different conductors to selectively couple to a first set
of at most (kx(M/N0)) number of conductors through the SN, wherein the first set of at
most (kx(M/N0)) number of conductors has at most (M/NO) number of conductors from

each of the k sets of N number of conductors; and

a second conductor of the at least two different conductors to selectively couple to a second
set of at most (kx(M/NQ)) number of conductors through the SN, wherein the second set of
at most (kx(M/N0)) number of conductors has at most (M/N0) number of conductors,
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inputs or four inputs, and it is reasonable to see, fromthe illustrated
exanpl es C di scussed above, the nunber of logic cells, k, in the base |ogic
array should not be a small nunber, or rather, depending upon the size of
N, k x N should be of reasonable size (e.g., the CLST4 100 circuit of FIG

i ng. nudEeatrs S8 R T PLOLR SR PP e (AR Bt B

bui | di ngsatabf Nusimtheabaddndueoss: bl ocki ng swi t ching networks is provided and
used in various conbinations to provide interconnect, both for inputs and
outputs, for programmable |ogic circuits. Dependi ng on technol ogy and

engi neer i ng Theanierataditcoi of clagn il agachwenduetorps the®mumabasof edndugorsioal abl e

of . the uestypiahBR PR L SRRRYs B HARR: o| i Rl B e Blee 8t o,

etc. 24 ahothdBonMasr.is clainmed is: 1. An integrated circuit, conprising: a
first plurality of M nunber of conductors; a second plurality of k sets of N
nunber of conductors (kxN nunmber of conductors); and a sw tching network
(SN), wherbilhenntegratad dirsuiiof Rlaim 2yibereindhe 0 gumberds at magt adargenof s at | east

" where SR o o chas. . " |'
of 1 0 nalE VNG BaugRer MRS amBer i R b B pfih OF e B iebicror s
for i =[ 1{INGIN+WaHMxK]NQnter of swieshes ad\e mddt Mx(@EN) aasbeND swlifchés at | east

equal to Mand between Mand (kxN) when Mis less than (kxN); any two

conductors of the first plurality of Mnunber of conductors to selectively
coupl e to 4dthelintggmtadgirctitof elaim . Buihaueananrisingt sambet o pevgraimowbletlogieast two

differen upber, o co ct -0 nber gf condugct or.s,
respect | %eells%acfl 6)?%‘53, k a@:r?e_:r ll’cg g{%ﬁlgaﬁﬁgﬁéc gelﬁ%avmg N'nuftber of: input
conductors, wherein each of the k number of conductors corresponds to one conductor of

the N number of input conductors of the k number of programmable logic cells.

5. The integrated circuit of claim 1, where M is equals Rx(kxN), wherein R is at least

0.5 and at most 1.0.
6. The integfated of claim 1, further comprising:

a fourth plurality of I1; number of conductors to selectively couple the 10; number of
conductors, wherein the 11; number of conductors comprise N1 groups of I1;; number of

conductors for j=[1-N1] where N1 is at least two, wherein

any two conductors of the 10; number of.conductors to selectively couple to two different
conductors of the I1; number of conductors through the plurality of switches without
requiring traversal of another conductor, wherein a third conductor of the two different
conductors is from I1;, number of conductors and a fourth conductor of the two different
conductors is from I1; number of conductors and the number r is different from the number
s for r, s=[1-N1};

the third conductor to selectively couple a third set of at most (kx(M/(NOxN1))) number of

conductors from the k sets of N number of conductors through the SN, wherein the third set
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plurality of switches wthout requiring traversal of another conductor; a
first conductor of said at |least two different conductors to selectively
couple to a first set of at nost (kx(M NO) nunber of conductors through
the SN, wherein the first set of at nost (kx(MNO) nunber of conductors

has at nmost, (M e conductors fro ach of e sets, of .N nunber
of condu CO? 8t @Stﬁg(@@égﬁ ﬁf) E‘BWB ffc(ﬁlézf) n%fcufrﬁ g]asafﬁ W@é&”@%“ﬁﬂ} IF"HPS]éqﬁt"f

conduct orcendtsi€ieat tacklof e pteot 10 nambecen@bndsRdrsOdndat nost  (kx(M NO))
nunber of conductors through the SN, wherein the second set of at nost

(kx(MNO) nunber of conductors has at nost (M NO nunber of conductors, 25
di f f er entth¢ fogrthichadydtorge seleetively equpteosioutths¢tvtROMos il NOPNI O dutber s,

fromeach, of the k. sets,of. N nber _of- conductors. e inteqgrated
e pou o o St sroR R 3brsens N Wity OF rARMGISE Bidhien tog SNowhBefidhe' 06
sel ect i vebiyrtlcssdpf & ﬂsontqni{waqumg}imw@fb&mwﬂs hdvent aNsWNITROKNT Raui ri ng
traversal of another conductor. 3. The integrated circuit of claim 2,

wher ei n tEbepef sandnetprs; diffgrentiiom e thirdyet obat mesk ey(NBNKINDY numlzer K1 NO)
nunber , ' | i i ' t least [(M N+1)xN+MkK]
nunber o%gg%dg?%ﬁfgg&%tﬁg&a&t#%gts’atk/}éf&ﬁﬁ r?h%‘ggfndg togg\?vitches. 4. The integrated
circuit of claim2, further conprising k nunber of programmable | ogic

cells, each of the k nunber of programrable |ogic cells having N nunber of

i nput conductors, wherein each of the k nunber of conductors corresponds to
one conducfoFheointegrdied Mrqnifrafelaimro, hstain eashdondusier ofithe Hg nimbengfer of

Caual o et af el sguples kfrbiah BEEGHERE e o s ltfhbrogilifies M1 S
i nt egr at afhvefsalcdfantihdy cdudattoer conprising: a fourth plurality of | | i

nunber of conductors to selectively couple the 10; nunmber of conductors,
wherein the 11 i nunber of conductors conprise N groups of Ilia nunber of

ConAUGt or 551 P iyl b ARSI 7 urbferbORBcih AR b ot gpduct or s
of the 10; shgﬁrrebe}re[gj(rﬁ conductors 19 se eéc???/e?lyg\goup et ?%W‘%r nt

cells, each of the k number of programmable logic cells having N input conductors,

wherein each of the k number of conductors corresponds to one conductor of said N

number of input conductors of the k number of programmable logic cells.
9. The integrated circuit of claim 7, wherein the I1;; number is at most the larger of
(kxN/(NOxN1)) number and (M/(NOxN1)) number and the plurality of switches are

comprised of at most [Mx(NO+N1+k)] number of switches.

10. The integrated circuit of claim 1, wherein each of the plurality of switches is

comprised of at least a program controlled pass-gate.

11. The integrated circuit of claim 1, wherein each of the plurality of switches is

comprised of at least a program controlled drivers/receivers.

12. The integrated circuit of claim 1, wherein the plurality of switches are comprised of

at least one of program controlled passgates and program controlled drivers/receivers.
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i

conductors of the Ili nunmber of conductors through the plurality of sw tches
W thout requiring traversal of another conductor, wherein a third conductor
of the two different conductors is fromlli, nunber of conductors and a
fourth conductor of the tvvo different conductors is froml | is nunber of
conductors_and the nu I |s dlfferent from ﬁ{‘he nunber s for r, s=[1-N];

the third %ngteﬁgr%t %lé%fcq ficlaamy 1, dgrepone ¢fifhe plugality of swiichep bps a

(kx (M (NGroblb) ordthotiRg on Qfate sRNSHECHRrS fromthe k sets of N number of
conductors thI‘O(l)Jgh thgnsaewherel nthe third set 26 of at nost
(kx(I\/I(NO<N1))) nunber of conductors has at nost (M (NOxN1)) nunber of
conductors ach.of .the N. nunber conduyct .or and, the fourth.
conduct or ¥ r@%rg %%491‘%1&?50%1 Slf’ Sieten tmtggra&p NS ls(’@ﬁ?@l N1)))
nunmber ggmg:@m,dgggttmoforggprﬁh rhtisehsmefy ddvivdeber of conductors through the

SN, wherein the fourth set at nost (kx(M (NOxN))) nunber of conductors
has at nost (M (NOxNI)) nunber’ of conductors, different fromthe third set

o ot o 5 ANk BRORER ) Ok B B0 00 Sy,

conduct oproeéssttMnblogyhnd@bpdieﬂingcﬁon-ﬁﬂﬁtdume@{cﬁyEesl'iee:sti vely coupl es k number of
conductors through the SN without requiring traversal of another conductor.
8. The integrated circuit of claim?7, further conprising k nunber of

pr ogr ama f gic cells
pr oAt amTRble The el i A, Wi SR ARSI Lo C
correspousisgpmcens&ecﬂmnkdngyummmﬂatn@ﬁisé\tievmmber of input conductors of the k
nunber of programmable logic cells. 9. The integrated circuit of claim7,
wherein the 11 ij nunber is at nost the larger of (kxN (NOxN1l)) nunber and
(M (NOXN') 97, mHghiREroich élﬂﬁnﬂﬂf‘élzﬁ%' I Wh@fen?ﬁfetlﬂtggﬁteﬂr&rcuﬁ Mﬂl@lﬁ%‘téﬁ at nost

[ MK( NO+N +K) ] nunber of switches. 10. The integrated circuit of claim1,
wher ei n eﬂuglpmbes:sh@:hpblwgallmqoyparatlwhﬁmefsdmacescorrpr| sed of at |east a
program control |l ed pass-gate. 11. The integrated circuit of claim1l1, wherein
each of the plurality of swtches is

18. The intergrated circuit of claim 1, wherein the integrated circuit is implemented

using process technology incorporating Ferro-electric devices.

19. The integrated circuit of claim 1, Wherein M is determined by Rx(kxN), where R is
at least 0.5 and at most 1.0.

20. A method of connectivity in an integrated circuit comprising a first plurality of M
number of conductors, a second plurality of k sets of N number of conductors (kxN number
of conductors), and a switching network (SN) wherein M is at least k+N, where k is at least
two and N is at least two, wherein the SN comprises a plurality of switches and a third
plurality of 10 mumber of conductors, including NO sets of 10; number of conductors for
i=[1-N0], wherein NO is at least two, N is at least N0, 10 is at least equal to M and between
M and (kxN) when M is less than (kxN), wherein the method comprises:

selectively coupling any two conductors of the first plurality of M number of conductors to

at least two different conductors selected each from at least two different IOp number of
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conprised of at least a programcontrolled drivers/receivers. 12. The
integrated circuit of claiml, wherein the plurality of swtches are
conprised of at |east one of programcontroll ed passgates and program
controlled drivers/receivers. 27 13. The intergrated circuit of claim1,

wherein one, of th lural ity of.sw.tches ha I O controlled on state
ona of f Sotipgorsafft By bhbrcl eSngutiet FRERe Vel Ron iR P ARIGBRuER tie

i nt egr at pRirdlity 60sWitdhes Withberreahisdg tdeérbd of ieetR&Scoh@edin®! ogy i ncorporating
menory devices. 15. The intergrated circuit of claiml, wherein the

integrated circuit is inplenented using process technol ogy incorporating
non- vol asdl¢wivaraonplingy fits sondustor Pheaid At leas tweie diffesent canductdrs &4 afirst 8¢t wher ei n

 ncor por St (UG oRuloR S bR Ry BB A S PR B BT o 2 wner i n

t he i nt egioat @E(M/IN®Yhimbér dfitohéweedt ek atusdsi IMINOGRESHCr OF BRue@Ys from
i ncorporating anti-fuse devices. 18. The jntergrated circuit of claiml,

wher ei n £a8 of fhedgpels elN aumbgr of soapdpsiprsedsht ed  usi ng process technol ogy
incorporating Ferro-electric devices. 19. The integrated circuit of claima1,

wherein M,is. determ.ned b K ere, RIS | east .0..5 and at st
10" 20, SePRsFuh S stnd FOIr R o (e gPa B habe g A sfiond s
first pl sgtaf bt stofkNMMIYPRIMES: of eoiiietodd SrohIRE SNgwRbelpdht kdconll sk ofet s of
N nunmber of conductors (kxN nunber of conductors), and a sw tchi ng network

(SN) wheplenest kr(QVA0)) maaher pf spndieiorshas af most ( fumbgoaeadpetos, at | east

t VY ; . . L t hi Uit
e G G R
for i =[betNGIN nuhdeecbfconduitersat | east two, Nis at least NO, 10 is at |east

equal to M and between M and (kxN) when Mis less than (kxN), wherein the

met hod conprises: selectively coupling any two conductors of the first
plurality of The mﬁlﬁ@rof@ﬂa@&{é bathst somprising sqlecdigelytapupling ¢ashesanduseniddiict or s

sel ect edth%%ﬁﬂmiﬂb%%%oﬂdﬁ&%%s t&%u%gei &f go@ltduét% tﬂ%’ﬁgﬁ 'iheoéN v%ﬁaout requiring

traversal of another conductor.

22, The method of claim 21, wherein the 10; number of conductors is at most a larger of
(kxN/N0O) number and (M/NO) number, and wherein the plurality of switches is at least
[(M—N-+1)xN+Mxk] number of switches and at most Mx(k+N) number of switches.

23. The method of claim 21, further comprising k number of programmable logic cells,
each of the k number of programmable logic cells having N number of input conductors,
wherein each of the k number of conductors corresponds to one conductor of the N number

of input conductors of the k number of programmable logic cells.

24. The method of claim 20, where M equals Rx(kxN), wherein R is at least 0.5 and at

most 1.0.

25. The method of claim 20, further comprising:

selectively coupling a fourth plurality of It number of conductors to the I0; number of
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conductors and 10q nunber of conductors, respectively, for p, g=[1-NJQ
through the plurality of switches without requiring traversal of another
conductor; selectively coupling a first conductor of said at |east two
different conductors to a first set of at nost (kx(M NO)) nunber of

conduct ors hr ou h t he th irst set

nunber of CBONEUEL ]?esre &gl\lgt é‘f“{} Rﬁ%%ﬂﬁ%&?ﬂ%ﬁﬁ%&ﬂ&?’gﬁs %‘?‘E%ﬁ each of
the k set@m@,jctd,\lswjbfr 2f| veuREING ti9stSeasBfifb;Sel ectivel y coupling a second
conductor of the at [east two different conductors to a second set of at

most (kx(M NO ) nunmber of conductors through the SN, wherein the second set
of at nuskeciively Muxdng anm mepomducmdﬁjb@ ok sumber csftcondmtmsmm dififgrdpér of

conduct or o R R f Soncbbhs BkeRinedRn BN it Oricbod; ™ 0

met hod ofreqlidhgtrdfbrsdl ufhﬁtﬁhemmuidt@i me@ﬁi @ﬂﬁﬂd\&hau&Wth@ﬁw@aﬁﬁr&l@nduct or
of the 10; nunber of conductors to k nunber of conductors through the SN

wi t hout reedinterds fremdvenwnber of capdicinsy ausbfnfmﬂéth@pnd@mr offike fyex ¢ibigrest cl ai m
21, wh kxN/ NO
ered 89?‘%#‘%6)“%0‘%@'?&5“&% 0&&@1?%{%%09% %ré %F?Es mien%‘ f?{tﬂ & ,, . (KX )

number an ura es is at |east
[ (M N+1) xNFIMRKT]; nunber of switches and at nost |\/k(k+N) nunber of switches.
23. The nmethod of claim 21, further conprising k nunber of programrabl e

logic cells, each of the k nunber of prﬁ?rammble |l ogic cells having N

number ofscleapvaly eenline s dird capducionio kind et of lempst r@@’ﬁ@é/l(N 81<Né13hmuanyr s
correspongs b 8,00 Imgﬁ“ﬁgf&% o?fq {J}Sbé? ZB%EFE ctox {%Lré()]ﬂ%f%e $ar mﬂ%ﬂ{ e Aird e K

nunber of “progra ogr¢c ce wWhere M

e ?ua: S R@ek@cﬂﬁ])ct momhmmm XiNel ))a)tnuhﬂaafs of &hnﬂucftﬁﬁ tak a‘? mat(lvﬂ!]g@o xmﬁ)) m}ﬁlﬁberlrfe'[ hodf
of claim 20, further conprising: selectively coupling a fourth plurality o
11 nunbeX conductnssfre angtbfeH%ser(p TN, gysber foconé‘@ &midct ors, wherein the

I 1; nunber of conductors conprise NI groups of Ill nunber of conductors for
J=l1-N] S\Aﬂgﬁ I)IZ\I !:oupilngtthe foteth cbifuctor to a fourth set of at most (kx(M/(NOxN1)))

number of conductors from the k sets of N number of conductors through the SN, wherein
the fourth set of at most (kx(M/(NOxN1)})) number of conductors has at most (M/(NOxN1})
aumber of conductors, different from the third set of at most (kx(M/(NOxN1))) number of

conductors, from each of the k sets of N number of conductors.

26. The method of claim 25, further comprising selectively coupling each conductor of
the I1; number of conductors to k number of conductors without requiring traversal of

another conductor.

27. The method of ¢laim 26, further comprising k number of programmable logic cells,
each of the k number of programmable logic cells having N number of input conductors,
wherein each of the k number of conductors corresponds to one conductor of the N number

of input conductors of the k number of programmable logic cells.
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sel ectively coupling any two conductors of the 10; nunber of conductors to
two different conductors of the |I | i nunber of conductors through the
plurality of switches without requiring traversal of another conductor,
wherein a third conductor of the two different conductors is from11j,

nunber of,,canductors .and fourth conduct or of the di fferent conductors
" om PR EREERRH S ARG g, G BB Ret W BFBHErdTom t he < for .
s=[ 1- N ] (k-@&2eEN Mg hifmbersald (MO TP il b&adukd plrdliRy of dwitdhds sethp@desat nost
(kx(l\/!(N(OxNI)) nlt??rber of (I(OHgl';CtQF)Zl fromthe kﬂset?of N nurrberpof

conduct oftsmesi OtNE&Hodnupher efiswvitches-t hird set of at most (kx(M (NOXNI)))
nunmber of conductors has at nost (M (NOxN )) nunber of conductors from each
of the k sets of N nunber of conductors; and selectively coupling the fourth
conductor to a fourth set of at nost (kx(M (NOxN))) nunber of conductors
fromthe k sets of N nunmber of conductors through the SN, wherein the
fourth set of at nost (kx(M (NOxN))) nunber of conductors has at nost

(M (NOxNI')) number of conductors, different fromthe third set of at nost
(kx(M (NOxN1))) nunber of conductors, fromeach of the k sets of N nunber
of conductors. 26. The method of claim 25, further conprising selectively
coupling each conductor of the Ily nunber of conductors to k nunber of
conductors without requiring traversal of another conductor. 27. The net hod
of claim 26, further conprising k nunber of programmable logic cells, each
of the k nunber of progranmable |ogic cells having N nunber of input
conductors, wherein each of the k nunber of conductors corresponds to one
conductor of the N nunber of input conductors of the k nunber of
programuabl e | ogic cells. 30 28. The nmethod of claim26, wherein the 11 i}
nunber is at nost the larger of (kxN (NOxN1)) nunber and (M (NOxN1)) nunber
and the plurality of switches conprises at nost [ M(NOtNl+k)] nunber of

swi tches. 31
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