A SCALABLE NON- BLOCKI NG SW TCHI NG NETWORK FOR

PROGRAMVABLE LOG C TECHNI CAL FI ELD [ 0001] Enbodi nments
wobolshis7s nvention relate to sw tchi ng networ kKBCBUS2005/M06583

particular to switching networks used with

programmabl e [ ogic circuits. BACKGROUND [ 0002] A

progranmabl e logic circuit, also referred to as field

programmabl e gate array (FPGA) is an off the shelf

integrated logic circuit which can be progranmmed by

the user to performlogic functions. Circuit designers

define the desired logic functions and the circuit is

pro t r < \ ' R
bepeh Lo BN R R S EEC RN AR TWORK £O
vol unes, progranmmaly AMMABIE $ GGECSuUperi or
alternatives in terns of cost and tine to market. A

typi cal programmable logic circuit is conposed of

| ogic cells where each of the logic cells can be

progr anmed t erformlogic functions on its input

varit .Akg:a]glt*lponally, i nterconnect resources are

pr %R@gd t BrAWaRNAs dfiRisPhRATGITEMIE & dvatthfhgGietwstk and, in
whi'c an be programed to conduct signals from
outpaticilarfto beycling nétiverksaisechyith pragrampable legi¢ igcuits.
according to user specification. [0003] As technol ogy

pr Ilow for |arger and nore sophisticated
prglgé‘gmq) ogic circuits, both the nunber of |ogic
cel jogoznd W@oﬁemmwgmmcmmm*efmd taacield programmable
increases in the circuit, C{‘orrpet [ Hg wi t.h the .increased
nungsée arsry (FEGAY 1z e o the-shell integratsfl fome cirquitaihigh can e

th B8 %o pirkdi bgi ket Circdi@esi¥rsidefine the
m ﬁ?rﬁglggu%%e regﬁ%e{ﬁedﬁgﬂcuj %ﬁsi ze is tl(gc m ni %ﬁge. t he

i nt dasired gt funetgoms aoé thewdirclié isprp gremintadrig pepcewsrthe signals

T

i ncpeasamalldRgidvirutoneeapdrion atandives astermgof costartddime to
connect a | arge nunber of signals .can be

ul.ckl
ex hEgeeedA tymieal prograngpbls I%‘%Clé‘iul‘tH%FmPBosﬁ& Bbf"@g’y Gels where
Lo el ) Lo . L : a
S 1 it v
r ouvariahles e ddditoaslly, materconmect resouressare provised Supeghoptthe

dr ag:%':glra%nlla!ﬂ}{é 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



[ 0004] There has been a progression of increasingly
conpl ex connection styles over the last forty years in
wo b@sfioeldl of programmable logic circuits. L. MCT/US2005/006583

Spandorfer in 1965 descri bes possible inplenentation
of a programmable |logic circuit using neighborhood

i nterconnection, and connections through nmultiple
conductors using switches in a Cos network. R G
Shoup in his PhD thesis of 1970 describes both the use
of a nei ghborhood interconnect and the use of a bus
for longer distance interconnect. [0005] Freeman in

t hatiliz&lionb37fc AR inh ckOFEOwilHs kedphrpstha citaringzecsnadll or to
inmpl ementation.of a FP S|n nei ghbor haod

| nPEPEEE OURg F5Purpssd ErasQUhe CEIL ipg fragpatically.

J' pourge | That haes E’gré&qwﬂ' ABredsipBFc il @nadion

as cl oc ) di st ance i nterconnects
i ntseylesatvenihieHast fetyi yepustis therficldof mg@nmnaw@@gm aprshitss L.M.
h. t,is..connected t.h tches to
ov gl in PSR BOFTHIE oo EO P ote fogi
horcirz@if haihg asighthéddCiaterconfedtion] ArRcobNEHOns thhhrgﬁ u@itiple
switch box in a junction. El Gamal et _al. in

4, TOBJURAS uRIng S liehes lgé%Wémorko Re G n¥hapdn él%%&ﬁlésm of
anq996tc19§&’1 %(%tgg se SFé h@l@hﬁgrﬁ&ﬁﬁhtew, thed't He Hﬁgx[se of a

segnent's o different S In one di nensi on
Peﬂbrkmgmﬁhmaksnumrun@mt5 260,610 and diff et al. |n

260,61 1 t. of. duct
LR A b AR Al L R )
in Hﬂipléﬁﬁenuﬁ%nlo@wﬂp@l SR hsighborkedaifetRtnectd) Elﬂ#g@ength one,

swi t Ches, every | ocal conductor in the set
ad cnatlcdmaglebthstpmeem@mn@m aed slobaldinss farsigvalssueh Hotlocks.

hor’f o?&ql disfanl %té{r%r%rl ?t@l xlltﬁraw{ ?th%qﬁpllg%%ﬂ(fz% o% lr?élc cells

can connec vertil ca
t h avlhwe eachrihgmdt 1smmé®ﬁﬁommmhestto everly shqt wirk cneighboring to

conduct or U. 70 3 2, US. 4,6 758, 745,
?Gleg’éfﬁﬂ aﬁ% g°’U°§tal Bn‘g short pjirgs F‘HH&?‘ tE@H%E?\S’P%?OX

a ligQien&h! Eh&amhiidtlal. %)(‘J"‘@Qt 758 stird diReS@mehtell 8GRing
conductors (e.g. for n- |nputs and k-l ocal cénductors,

t hewlere iputsand outputscfdegic orllsdnterastwith soutingsegments efdifferent

l o onduct ars mul tipl exer (MJX) schene may al so
Clu’é% U Ter{shél nunber of transistors is

r GC{OOOIS]- ) - Pbtﬁrsbh& al4in878, 8080,610 and Cliff et al. in U.S. 5,260,611
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 horizontal 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, U.S. 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.S. 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, 61 1,
the general interconnectresources are limted to one

woroosmes3ds f f erent | engths (i.e. singles of U SPCT/US2005/006583

4,870,302, local and chip length in U S. 5, 260, 610and
U S 5,260,61 1) or limted in one dinension (i.e
different lengths horizontally in U S 4,758, 745,

| ocal vertically in U S. 5,260,610 and U. S. 5, 260, 61
1). [0007] Camarota et al. in U S. 5,144,166 and Kean
in US. 5,469,003 introduce a routing schene with nore
than two different lengths in both dinensions wth

| i mésbaiceo©ns linfitddhe oheactwoafiffedenislengthadiecsinglss ofhiSL e

dr AR5, Toghang riin oned B0y beed 8 RpraESEBsLRl Hr mited
S, %@8@&1& hSioh | bre hﬁﬁr&fe ngg%ﬂk&ﬁmr\) iANak. 4 nsé v, 1&arh

wireis W|re he connect’ivi'ty
prwnmewylnﬁﬁoﬁﬁ6w6ﬂ)ami@£4§;26@,6éh)d U.S. 5,469,003 are

oo CERFE R b LR, o g POt e 0% 55p.003

I OGhtfodued h Souiting BtRentARitid thoksShn 6o dmeeern@ RAREE lin Bdith
resources instead of perform ng | ogi ¢ functions. Ting

i n dimensians ygth hmaatlcwssn the reagh obthpse conguctgrsy Bihilyd].S.
U % 149, 1%%7211125?/9 ?cglﬁ\gfti‘%geoease@ 1 cﬁ Chﬁvén%oﬁrtﬁﬂi 5&%951@&

ef'e hulti of con tors i1'nterconnect
t h rdpinriyty ssmobplﬁé;s 5469 A0B isdimaitahty befunidugitombln that fatlD@8E is

Yo et al U S. 2001/0007428 and .U, S. 4,

do JeRveeddn s U Bl A B SRR MBIGS] BrigBhD- . 1166
WI 88 U.9. 3,469, @bma $ér?']§w (BabEEsh the pRasiBestharRithEddhnections
where for 'short |ocal connecti ons, a near cross-bar

schemesighborined onmelatively loeal, exflogig gelds itssificgn bavpadias are
m llﬁtel%o ecﬂo}l res?ﬂc§$%§t%9d 3 ;;ert%['m gtl{?éﬁ: aRRLibis, \Aﬂhgﬁi U.S.

then Tnterface erconn resources

| Orsges7,480; BS. @e30a1247) Y.t 6)051,891,1F.8. s,ﬁm 196 ddseriigt zhmumple
et al. in

wires in a respective, di

6. I B EAGE PGt EHBl 1ERE s o QUAtors Seingc! tidugh
I NtsQhircBeYIR  Hi&aicB of loBfcRletlf.€gi on, and | ocal conductors
are used. A cross.bar scherme is used at the | owest

| e\19008(] usi ¥gungpisy). ik br.S.t2001/108¢ 2428 wind &5S + 59 Ha@lé describe an
L A M e
S c hittessidie) whege for Bltdit Iocaledhitdctions, b aeditrepddar sdheinBés used

| oc‘%lleré: zrz gesf%f ?oagrlc 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
3



[0009] At the base level of circuit hierarchy,

four-input Look Up Table (LUT) logic cells are
w@oomsnod3ys used. There are two advant ages i n usPODUS20044106583

as the base logic cell. One advantage is that the

circuit allows any four-input, oneoutput Bool ean

functions with programmbl e controls. Anot her

advantage is that the four inputs are exchangeabl e and

| ogi cally 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

Si @uRubBESBALRinclchstwith Isreglr aminfidl Son@blst PokHeF ad VLR ]is that

A conmmon problemto be solved in any progranmbl e

| oghecfous inpuistarg exchapgeakle amh tagicabn Aty alentt Kenggaheqey not

h
oP i SRR fobobShed6 ol SARBIEL AR Y LT
t hdeectioh goméctlyvs easxg dshhaosledgurmgnalslcsnma i the fourgnpiuiteof the

signgls and the logic cells receiving the signals are
over a wwde area in an integrated circuit

@er M Oukeﬂﬁx%nogro%}nqe ibg s&%d h M@%&&%&ﬂﬁﬁbfé%ﬁlﬁ'hr&:wt is

nects to inputs of nultiple nunmb [ ogi c cel
A Hhay Iolfyltcremneatm\he', bameliyphavotot connent 8 firstisetaaficonductors carrying
sol uti Cros ch wher.e whLer

corftRrERap R pfecpaBRPrriE FesBih e FRBE R gt cels

COnyhigiitatihg tHe sléiﬁlsfﬂmhtthdﬂoglcfoeﬂﬁeeélvﬁlgmﬁhlﬁgﬂi&aré ispread byer a
through a_switch. Prior solutions in_one degre

andtiAgpreg iy an wtegrapdieirquifdl-e o Mhekpyty pf M lsslswp’éwh?r{e Gach
m eoiugp%llt 65 %él atsrzgg?uﬁm hdﬁbéw% ISP GRS, Atmg{xf»aymable

clus ers_, ogl c cell s 7are I nterconnect ed
an d:uéntransi @dses amptahgal solutoreisgo nfe d agisdar ewitttewhere every

t hr ough, ext.ensi ons  of connecti o or._usi ng,..

| ook Bt ResopRiiiol BHIES chPEin il Biiplecets of
s chondsctat dirédllytBoughd svitsh.| BridtasReiofdlineRidef@a br another try
experiences. A desired routing nodel or interconnect

ar dpidivads the eorsiestiyity pyablerinantltiple piesshuepg adjvidgandgonquer
a | s%&%%?é%ca‘%lu‘sﬁ%ﬁo@@ gelg%é’ﬁ‘ﬁé Jn%@ét@&'gﬁh extended to

progra e I nterconnect- con uctors connecting t
nul dthqpichisteed of logic cathduthr@rgh esieasions dfdogp coranettiais drluemg

t t ti 0011 I ft
© e Atange (e, TRSeiwantoRobict Schetigh pecid hoe fnd
al gRédtlybaBedInentisifbal eRpdriEREQRY A dddired FOUfiRg aicdei ér ihdérconnect
during the place and route stage inplenmenting a custom

d eﬁ@ﬂteg@qﬁouw@pra@@emgmcm@@% o p fasgg gumber 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 circuit.
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 stmplified.
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Thus, it is desirable to have a new i nterconnect
schenme for progranmable logic circuits where the
WO ousabi3’s ty or interconnectability may be guapemus®ds/ 006583
in a nore global scale while the cost of
i nterconnections remains lowin terns of required
swtches and the software efforts in determning a
pl ace and route for custom design inplenentation are
sinmplified. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0012]
The objectives, features, and advantages of the
present invention will be apparent fromthe foll ow ng
detpi fEph BGSRIFTIONCOF THRDRAWNGO13] FIG 1
illustrates an enbodi nent of a circuit with fou
f oUPe1N put Theghjectives, feataes andadyantages Pobe p{%ﬁmgn‘aemm will
able n bl,oc [0014]
FI ée app ?rf:?tlfg?l? 1< tléh ne%\(/e&rr%{fl hﬁgscﬁ SBQ{P%K&(I#?E?“ t using a
st qg61¥] scrI@hl Blusemedbirpakbatimsn dfarcumgn m\fmrkfo(l@msug
with el even M conductors acce u sets
coriggpétceﬂ%and[twefs? flppgysing 3 §¢ er‘g‘t"e@° %‘&H “ﬁ%" otk
I\ﬁlrcwt usi ng two stage-0 scal abl e non bl ocki ng

ing networks with each 0-SN having five M

c 0 rmul‘A]or s FiGc2 dhistrates ong ersleadimont of weirkiiie vsiag e stege0 scalable

0016], FI.G 4 il lustrat t
b g ST I R B P ol hicstt o
net sy de fodr 1 Pbndiictdas.€l even M conductors accessi ng four
sets of four N conductors through N sets of fo

i nt BOWEldi affdGe 3 Hinsiaisp gne eoladReR aha oyt PYiag P B3t
enbodi t Scily

mortiB B o hibina fERGE w3 & SAORVRIE e M

co nébiﬂhabﬁs aac&emg ifony skisof t\sceNxonﬂudtmr N condu ct o r s

thr h fewer er nedi at e duct [ngOlS 1 abl
i (008t o916 uiaiss R e BROIORS et B Hg a glage-1 Sealable

- BlosiGf @Qlt@hlﬂé’ﬂet@bﬁ@@Lm With ERDENN dORENE6T adddséing four
me ve M cohductors accessing four sets of four N
constteoffosr Nicohdustars thyeughdd sete ef four injerpiedigterqopdugters19)
I | ystr at.es ..o i -
L SopfrL | S o BAPAIR 5 e A gt
SW h@l{lBI‘bckmg 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



[0020] FIG 8 illustrates one enbodi nent of a | arger
Ssi ze stage-1 scal abl e non-bl ocki ng swi tchi ng network.

WO O@RAY43R G 9 il lustrates one enbodi nent of apcL/Eg®4006583
scal abl e non- bl ocki ng switching network with sixteen M
conductors. [0022] FIG 10 is a bl ock diagram
illustrating one enbodi nent of a stage-2 scal able
non- bl ocki ng switching network (2-SN) and a circuit
with four logiccircuits of FIG 1, each using the
scal abl e non- bl ocki ng switching network of FIG 9.

[0023] FIG 1lIAillustrates a block di agram enbodi nent

of cirBfitsIfINE. 2, SR |u§ih%ﬁ1€b@5]laplls AGKINGE KM swhithitg neeloMR bK
of FIG 10. [0024] FI H B illustrates one enbodi nent

of ige9first part of the stage-2 scal abl e non-bl ocki ng

SW hng rk: : 5] Fl g
il I[{)st‘it%:] at egﬁ%\r/}@p‘elrlrlg%t(rﬁ#e nlflglé? dlégésa%l aééré@d %%téfgbel séage 2
nonchhtle komblosking GWvitblging attworikof MiG.aeent i ng t he second

part of the 2-SN of FIG HA DETAlI LED DESCRI PTI ON
[ 0498241 An FHao\E: illyatradesangismbodigneng phfyg pattiof Hisi stage-2

netunile S&N%lo‘@ﬂingg&?ﬁgg?i%? §FREd 1iA0C! udes

internedi ate sta conductors ‘connecting a first
pl yoeas)t y BIG.cnitlusttabesone embodiment ef stage- bbcatabisinmi-biosking

where each conductor of the first pl uralli
o CEBE At OTE HRnemeStne Bt srsont pat ol ke elkig i
fromeach of the nultiple sets of conductors through

t ho SN ITED DESSRIPERN | bed. The scal abl e non- bl ocki ng
switching network can be applied in a wi de range of

apdf926dt i oAs inngyativessalgblesionthdocking savitchinglnstvsark ¢SIN) which
us ' ' P W) [LOV]

58 WloRE MRes i it e b A el Ror bOlend firt
pr gduralitymif cenduethrctoanultipietssts oficsmiuctipd where eadhl conidudigr of the
swi i chi ng,.network is used tlé)?%connec.t a first set

C

f
orfyst Ay, Et}’ of GPRARsEPTS ﬁé:agq{?’ °|r|’ﬂ?°(t‘in§ tQ ong.¢andygtor i?rom each
C ongagd AL RipREsIN ok dIR gz O EMEh LS SNNis R & eSribed € The scalable

nultiple sets are equival ent or exchangeable, for

ex diwptbdockingeswitshingaretyerk ¢an baappdied ime wadd rangs of applieations,

ST ) R0 5 A Ry

celgrevide d laege 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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scal abl e non- bl ocking swtching network in this
present invention allows any subset of a first set of

w@oodaet3es s to connect, through the SN, to CONPOTAUSIB5/006583
of a second nultiple sets of conductors, so that each
conductor of the subset can connect to one conductor
fromeach set of the nultiple sets of conductors.
[0027] In the foll ow ng description, for purposes of
expl anation, nunmerous specific details are set forth
in order to provide a thorough understandi ng of the
present invention. It wll be apparent to one skilled
I N thdyeresent invbationaminobl practiced ofithbet thesespedific deterls. | lnwther
may be prac iced wi t hout these .specific .d

ils. | )
o1 HESTIcR DM TP RS SR, LT B AR PR B e g form in
ar &r&h Wi did ult26dsallyABE ARG W PresnPidBhtidnOF ;Qigﬁose of

unnecessarily obscuring the present invention.
purdesgiption, whésss pthgrw:@«n spemﬂeéstbe trms pragsan sprirglied switch and

the t ||

e e e e
t thzlohﬁgLLB‘B?( Rfﬁilgr{reﬂg]lo(gﬁﬂffﬂgwwdod)logb G‘ablgl (LUl’[D,nggaﬁﬂablc logic
ce 00 abl e e IC Cce are

i ntelt éFPa‘ﬁEj’é‘%i’gP%eaP]ﬁ inie coblmbat DisHe IR opLaE fSTE icppductor,

t h%lgn%[]gﬁa gegomfetaeél &bmgleam@ﬂnnhe &Q{tém of ti&d&EBption. It

inte 1e|nt e context of description. It
sh cshbwldalssdoebwetedaha;dhct prasent hwelproexs@mnhea vwhodigrents which use

o Feparanip e bt S el GRS Aot By ffns

Meafag be afle e OfRh fak ﬁEe/aﬁﬂﬂ-@dibe&échﬁbﬂ%g{eardrlrc -prigeammable, such as
technol ogi es, or_ re-progranmmabl e, such as SRAM

whi
i s SRAM; (Whigh is polatils), (RArhEh (which, zfrnosno\f%ql?)eferro Leletttic @ (which
Fe M 801? ngﬁ{lfe?f%té WhL el theSprBRe i‘ﬁ%lﬁfohlp%}tam§¥§a vilRRg6r the

resent Irnvefition pertains to a variety of processes,
| noprockssegy, inblmﬂmlgobutlnnormmﬁdd top sta¢ mnidemmacads meaCeCRAM),

”‘32%%%%‘ o Bamp e DR R e sty gyl
( EP@SH\ME EﬂkbM)eélécﬁﬂéﬂl@ cPAs@IE PropRih@ able askdily

menory ( such as FLASH, and Ferro-electric
pr d@é@@é’iEEP surh s EbASHpandfereceleepe Brogesses| ocki ng
ng
o1 BB 15 I HhAE o B S L S g n
al | programirexdle logiceitcrio deverbedoeseih emmbegenaranib/mpplhedttp atibw

conductors to nultiple sets, of.co tors, ng as
© hOTE I {OmeritHs BF Em BIGIth 6] CRER to RBAtEe Sl 3t

avalon@itsrs, 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 a MUX is used, the multiple switches are

converted into a new switch mechanism where, the number of effective states are
7



conductors. [0029] When a programcontrolled switch is
used to i nterconnect one conductor to another

w@oodaet3es, a driver circuit may be coupl ed torPeh®ES2005/006583
switch to inprove the speed of the signal traversing
those conductors. Additionally, if nmultiple conductors
(signals) fan-in to a conductor through program
controlled switches, it is possible to use a MJX
schenme, if desired, to either reduce | oading on the
conductor or to reduce circuit size, or both,
dependi ng on the process technol ogy used. In the case

WNGHE s fndiPthd RullB&Ds s@vﬂ@hé@“&dmh@étﬁq@‘i‘é &qEbRa b@rcﬁ%osmg the

converted info a new sw tch mechani sm wher e
nu rmemcuthdr smtef @otréspendingtetheawiehy meultipleswitehas werpbesd) in

o g Nep EPRNERS: e e g sl B R A

mul dongbE smntches were used) in connectlng t wo
conductors and the states are determ ned

pr dgﬂ%mnab Variewsipes of spgaiopovhlocking swsl@§g BETHOERY B e

| n K %‘?‘%’S Hﬁuc?ﬁﬁ\% b%?hwln%‘?%ivﬂoé"té e?% gcea g aldn: g?kmg switching

No el orkk(D+8IN)s stages h Bwujpbﬂl@nwnablbcl(lﬁ)g Sijtchireg meywork (1-SN), stage-2
sc aI e non-bl ocki ng,sw tchi wor k (1-SN) .

S Ao O TG T Caes R AP 6 AR ki
andscapbRIDnYIScKinY ftchimg %iew&k%ﬁi Abhse SXRode semkbiegon-
swi t chi ng networks and the use of those scal abl e

n onlbeking swyitching retivarks hésrgtohiralhnoremding eraﬁncynneﬁtmty to

ty t ble |
P e R VLY O Ot of 5
cl u[s)gisl] (k CF$G4) sl??c'bvl?]itaﬂ émﬂdhﬁmt éf“ﬁgglmé ecssflhcl)aahlceit l100
non OCKI ng swtcnin net wor an L ncl udi A
nunwelru Be afssal.a lieﬁlsmblqgcésa}gcswe@mng netrrnzk 20 Qmﬁj ﬂ%}ﬁ% number
e d@[d%)ﬂpﬁgil%l%glf ﬂs (w?i%réﬁéh ﬂlQh@réglb‘b&Hne'ﬁb'l@' b6 30508 %0 and

gic cells 10-40 hds four inputs
101%012111;( mp@sep:)d 6<brE@é| df tedlogic seMs l(hﬁ@h@ foosinpeie 10M104

col (Vg e ol oyttt PR 0 e s, efgobloo-

Wi t i Q03PN ErcER B add fout Zuassl 130 6f(NB[0-SD e 409tvith four
cells %2[409Pespect|vel . g\%ltches 151-156 and 159

160candactoesd@1t134@8 ﬁherf@ur owipth & cally HhAQ respeqtivelyt Sutitches
dri ygs, 4 &ld 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 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 neighboring CLST4 circuit (not shown in FIG.
1) through output 122 using switches 145 to conductor 133. Output 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




Flop or the logic cell outputs to circuit 100 outputs
125-128 directly. The Flip- Flops 50, 60 output to

W@ 200640437400 out puts 125-128 using sw t ches 15FCT/LSBN5/006583
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.
Simlarly, conductor 132 can drive cells 30 and 40
t hrough switches 143 and 144, respectively. Cell 20
can drive a neighboring CLST4 circuit (not shown in
FIG 1) through output 122 using switches 145 to

Copflisidhe dixtben %Mmlﬁfb WfngGadwitchGetlWirk 98T X 12’00t @he
conductor 134 through switch 146 in FIG 1. Thr

ot hendusiognbi[8- K]a@ﬁ ngoalipd s uetorscuhre M isioqal to the number

a6l ErRERrSIoc i e ebuindfof e h, HERRE Bl Wip-3
f a“"?“éﬁg’n%‘?&)g33“&%?‘5‘8’8““%??'“3““&?“””% m“‘“f?émg??
i\gmp@aemfcm&wb@és {ove irpthgze g’&}fé‘ ﬁd& Sé)gr?ﬁ RBDOESHYT
Com?rtaﬁ&‘? tl( or 1 H] E\fohg]lée@% Hng of A’ft'eﬁatl@el}l'-@ﬁﬁl Ni can

conduc (k-1 101 are
c alhlaefda tifferdyit size mdthottarhanging the cmnchvéy{mper[tyodgsh@bed herein.

i 600321 ° T ot - mibpirif whe M IxABOg SEEN 12 -
4 'éé%r?&ﬂwa Hy'h selge0 éalaﬂetrﬁhﬂﬂédk}i@ vitcBB@hetWork 40-S 360,

erent “si ze W t hout changi ng the connect|V|ty
p r @peh Nycoudistori 10d el 1945 eannectplgle 32&4#17 d) condysérs ofihie M

ot 490 R0t Rl L NG Ractca (RRLRTE MeSfholbty e

30QiwieRE shbwa e BUG! D for kAdh ihpat doﬂdmrrtﬁ'ccbadhiomrt 901-116 is thus
conductors of the M cond

orias o 81g0ths 0§ G00f By 207 he S b b ik G- 300 allows

e

f orlogib eems BN G GSng theBiviiches. of BRG wathottcinybdackimglas dor@gias the

300 all bset of d 01- 21 to d
onan st oL oS doapt g BF eylblepeteoat Syt e,
usi tﬁg nhBerIFM eHEfucRrs &PAngHeaits Manylf ﬂﬁ:klbﬁnﬁ calds dan @t

as the nunber of connections do not exceed t )
av aixicedsl the nmbercafrinpgs ofrthe togiccsel). ( Thesschemep of ﬁlﬁb?ew agf

N A R T RS e e d 9 6

cel dompriblig Moh&ENPF 1Fik@4x4H = B7Gawitches, 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.



I mprovenent over a cross bar connection where instead
of a full switch matrix conprising Mx (k x N) =1 | x
W@ 2008)10437476 swi tches, the nunmber of sw tches PGI/US2005/006583
(MN+H) x (k x N = 128. The 0-SN 300 in FIG 2 allows

t he above stated connectivity by assum ng the four

i nputs for each of the logic cells as exchangeabl e or

| ogically equivalent (i.e., conductors 101-104 of cel
10 of FIG 1 are equivalent or exchangeable) so it is
only necessary to connect a particul ar M conductor

(i.e. M4] conductor 205) to any input pin of a given

| ogoga3gel | Dépending oméuimetogy uéldajmmetprograﬁmuumnmuss some
101- 104 of cell 1Q of FI u mntch 22 if the
CORFRECRITBRZ A A DREREOT shit o B erbie &SI AR ARCRATY

co QEH' GhifR'si ﬂaﬁs&?org by ﬁ'le p&é@érﬁ cGﬁHl 60038 kw P et Menteusing

technol ogy used int programuabl e circuits, sone
ar @gpasigaiepihe aight swiehes B21-228 of Bl G.<nest inffd line i&h‘p’lllérequlre

[ a SRAM nenpr el .wit ransi,stors a

or GOt By ar. Peedare it MU R G g b ean be
pas;%&afo%ontrb&lgugms&mfmﬁ@l Z2dladbABe eighFSAMbieand eight
input line 101 will require fifty six transistors.

| nStvétghes. awrmw SOhpRIE, AR bilsi ﬁ\gtftenrp@sﬁgﬁt@ﬁela@pqshw one

¢ et R Jipfl) B LR b SR o
I\/U)fedm:heﬂﬁpnt the &dtylsixt tsansfstus tlsed mlﬁaaglgmllandnmmhﬁp@ the
F OFORREoRGe et Soffchs T oafgE of SERANEI 07 PP Fguoed
fi fl{s}flgsthé(mﬁﬁﬂﬁbﬁhﬁﬁt%n% QMlivtHeRe £k gﬂﬂlh&ﬁ?\%ﬁ?ﬂf@feyto the eight

cell s as the programcontrol for each swtch.
Ioadpnghﬁﬁxconductor 101 will be reduced using the MUX

nt a ile th -due
to Fee; Rty Wiy Spusholflt At i3 o GBS
enbegtesaindd byhsirg tvbX%tape® sohlable Gon-bldcknrge;mtehmgtnedvdms 330
usuwa t wo stage-0_scal abl e non-bl ocki ng sw tchi ng

netaHe3Re mwaww—w € r&&tmﬁ%-ﬂﬂ!@%@ﬂ%ﬂ?&f Shiagtoups Ma =
oot s S RS oho TR DD Bl S METIR AR, o

Na:N &1 bor thdwmpscppm inputcandpetors of rathatf thesfouf logiotellef

b iteck PG USRIRR? S S RREHE Bl 1o
conductors 109-110 for cell 30 and conductors 113-114 for cell 40) and Nb=2 for
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 FIG. 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=Mb=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
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conductors 109-110 for cell 30 and conductors 113-114
for cell 40) and Nb= 2 for the |ower two input
w@oodaetses s for each of the k=four |ogic cell SPCT/US2005/006583
(conposed 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 scal abl e non- bl ocki ng switching
network of FIG 3 would have (M Ntl )=l 0-4+1=7 program
controlled switches per input conductor. Instead, in
t he enbodi nent of FIG 3, the nunber of input sw tches
| S iDihe/thhotie MEITEILEDS ddhdiidiers sepaxahgtoNhe upml um mp&tsarfdhe
Mo conductors (wth Ma=My=5) and the nupber.
br drarogipeel Stwgpsm%rk(wWl%@nme—%m%“@lﬂéwmmén FIG. 2
E%ﬁfst r?lflarlpf';c])f) g'fn ebaét m&?g&éﬂé%'olk ?q %ﬂﬁg?_&?@r t@%rmﬁ_lﬁpb’f the f%ur logic
u S el ughugptaonkcI0), nois Inedtrma/\hhamartpnrarylmp uf [A(bAéMBefBﬂ
in n mprk 320 is Mo- S true at the
@G@ the, M%P%N%Bﬁﬂe%isﬁan%%“}tlRée"GB'ﬁéfbl i)

i n rae;lgmﬁémg devif @HAud RS enrietlin StoUfié REoRSEG khrddéh the two 0-
mai ntain the connectivity illustrated in FIG 2 (and

si rBNsa320fand 380 of BHAUL t dowe Bnahgdtaga-0 seahable mbloclmg

f the fo |
RIT AT EONE O TEN R I
t 0 préidé Boddohhectivity forl aqgbgram@iabke logic $ircuifWhile the software

constrai nt pr events ar bi trar SSI nopents of M
c orfdigEts it RookokRRIBE 2RE tr@ek%@e lewakia M eendueioryisgse g &uore

F
(v ocﬁﬂe%ng 16 oS o Rl opRaTogdiadts
t ogat bften ¢abe frbitenilyecomected tol thp inpatsrf did fonr lO@C{CﬂCUW,IVdEre
good connect,i vi t ogr anm
b aRel PREcoogp ot soongrr f RET P BUD e o e dets using
t I afelhatits 8PPar’d 330vBH| Bndtt 62 hE#GE EHa théS@DEo At o Wag not be
conpl ex than the schene of FIG 2. FIG 3 allows at
| ecshitratiyrassignedpsdnythedrlE. dweseof ten to be arbitrarily
co ed {o
adO51c bt BR b ordOf i ilioh i Bl St ootifBrs i
t hecohmuted togmultiple lgtcups of mxmmoﬁmc&’&oumgia 88iich ndteork.

int here is that the fen conductors cap not b
us 4319 Q/E%fs@ﬁ FrOcPresen] eﬂ Whee fees ars (MaN31 )’f&dsgfwltﬁ’es to
”ﬁﬁ%ﬁ@{iﬁﬁzstﬁf:teh REnREESRYetv b4 A HrbiaRs omfcbﬁ&xct&g Ruliple k
ductors 1s connected to multiple groups of

equsetsaif dheonduetdrsovimrs anyssubept af Mgandhctorstoan cnnect 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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Thus far a 0-SN has been presented, where there are
(MN+tl) x Nx k swtches to provide unrestricted
w@omsacets7ons between a first set of M conduct oPGT/US2005/006583
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 w thout any
bl ockage. [0036] FIG 4 illustrates an alternative
enbodi nent schenme where the nunber of switches used in
the switch network can be greatly reduced w thout
changi ng the connectivity property of the 0O-SN. FIG 4
s hewsViadneudase 20211 vhthe & sbEXf Rofndictéls G011 16 shrough the

B

co Rt M eo AT RO i 4 Kcch oM s Qi
pl as imerenddidte} comdictoed Hothohmgh switch 431 guidthert todhe Boganguctor
oY Bera OIS of ARG T E T L TIRL AT Heahdugtor

Whg ¢ c AP Eornibét!ts ReSondhi@od 208, 105D Endlt ISNhARRh itHe dahle. 4
connects a M conductor 407 (M6]) to a N conductor 109

by initemsadiate eorsigciondS4 Grenghiswitehesedzad4d andddAdisensstivelr4 The

t hr ' 7 .and t.hbep. : 10

t nigugAOR it FEG: 46 e bigSHib sl b et B e
S aRmYeCHNFIEhEY cohfbaraianitie thierteSI 300 oNFDGI 2 Uit isgpsssibR Yo
105, and 113 through the sang, i n(%jg di ate conci tor
452edquee Hisgmber pEFBLChgs requiesing | crealing 3 S63 5@? pon-

Th %ld'c]zcgg § %hﬂlf ebfark dithAaterh &G stb(s Py iheRSAnY WhBre each
is a ore uctg f

. ion in the nunber of “switches conpared
Wi tolf ther ondtBS Oaro¢onBkds, arBitratity, ke posluctor fomeeacke diik sets of

th i ired in.a 0-SN.b ]
. SLEEE T HB PR GPE A L g SRRSO Y BRI
| NtcBhiREhah M SbREG{0S to Mbrd thireseddnaedtomtich @actasiik ffs of N

the M conductors can connect, arbitrarily, to a
corranducarsithosvevers kagically it is BetdicaessaTy ¢ FRINESIGP snorq Hign one

scal gl forlABadl A NGoftlichéihi ng netvork is capable of

connecting a conductor to nore than one conduct or

frqoozEach PIGK4 HRktsated a NSOt Nssetshuditediediate conductors I
logically it is not necessary to connect to nore than
ondorishtddt wherk thesgarh elsven Necaudugaeddl oild, 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#-l)/ll] switches, which is two.

In the example of FIG. 4, the number of intermediate conductors in each of the J;
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[0037] FIG 4 illustrates a 1-SN 400 with N sets of

i nternmedi ate conductors | for i=[I-N, where there are
web@sam3ks conduct ors 401-411, four sets of N PCT/US2005/006583

conductors, 101-104, 105-108, 109-112 and 113-116, and

k is four. The first intermedi ate conductors | , for

exanpl e, 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.

Simlarly, conductors 461-464 are the L conductors

associ ated with conductors 104, 108, 112, and 116. The

(M %ﬁhhctﬁf@’iié e s GERera B Al i AUk @hote 4 i fon number (as
condu 0- SN

ctors 1n a O- dare distributed anongst the

COr dReMEAbetdv)| ; TheaRSIN A0 bEFIG. 4hds [(M-N+Drx Bxast £.n) (1 x
the eight switches 431-438 coupling the M conductors

401} e8ra68 =ticsswiiches whkrt g i§ the numbdeneiliaieanedidd toddudtors in
where each of the | conductors couples to [(MN+1)/1]]

SW LLRREN s ¢, iherh¥@ate cBndudfore X1 -SNOJ00FIFIGH 4 allb®s the

nunber of i nternedi ate conductors in each of the

|| comuhnfédiivits pfperty abarReEpkitive 0ISN300 0N FIG. eethditihg any
be a uni form nunber (as descri bed bel OWL The 1- SN 400

of unductar pigthe M MH@HC@;S tQ ORe ¢0f§1!|1ﬁ§019f €qc r’@]setsl%N kgnjdu&mfs
32+ = A 48 L r

"t Qou o ST WhE el RafHGRRT- S 4p0.

I nt ppo38di atle theolRENGI00of FIGh4, ahy SNtuplOofd¥l chhdiictets hhdeahs
the sane connectivity property as the respective 0-SN
300apygrofHat: cliceofiswitchesrig deffeyent dhsttscefdy capiducthes. Mor example,
conductors to one conductor of each k sets of N

conensineioss 405 4041408, a0d S arerae fawrdurde ENThrad Mreenductors
duct i 1- 400. 0038 - 40 f .Fl G
5 O" et Ropdibar 401 hreskusa eonpetoR 45 L el hpdisRig ySugh
" i . |
C nobffcadlass UnldlIf b8 frLET SNl @PUgs R g conuctors)

410425 ntsHbtch A46; donBh&of d63%0onRlctMocBNENEH 6T (WBE &,

conductor 401 connects to conductor 451 (of the |
C onchictoss) thrbughughitchwidl ¢ imddhduaanticioanecdOi conturent4s4 (of
to conductor 466 (of the_ | conductors) through swtch

446thedperndueiars) gsugviivikdid2 7y Sny sHeRGEPIhe Metrpledf Mhe

. SARBLEHE B i DA B

thr auaofy) Q&h%ﬁ%méﬁé(te%m{or OF 1, LB dry R c%nﬂétclgldglle to one

I.
conductors “has” the same property connecting to
| Nt K d5RGhA@SSin CAEHShOK Sets of N conductors. For example, any conductor of

conductors 451-454 is connectable, through the switches in sub-network 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. 5 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 I4 conductors 530-532

where M = [ +I,+13+14 or I; = M/N = 3. The number of switches in FIG. 5 is
13



Addi tional ly, each internedi ate conductor of |

conductors is connectable to one N conductor in each
wobooshessks set s of N conductors. For exanpl e, aPgT/US2005/006583

conductor of conductors 451-454 is connectabl e,

t hrough the switches in sub-network 450, to conductors

101, 105, 109 and 113. Simlarly, any conductor of

conductors 461- 464 is connectable to conductors 104,

108, 112 and 116 through switches in sub network 420.

[0039] FIG 5 illustrates an alternative enbodi nent of

a 1-SN representing the MIX 200 of HG 1. In 1-SN 500

th n ong+ 1 ondftp0-ON Wbuld

o N ] B e S eeona e
C ORgltéGInehandrdd andﬁﬂ)'ﬂty fodr swarcexcandrascra@bab¥enldigve one hundred
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thE egzth%% Ms&'i'égéd aritbr tvifhhad saec{ tb 1- QN @odsf FIG. Fwith fewer

corresponding O woul d have one
h uimérattdantcdndndtyrsfand swivliesc Abe 11hm1atapus ) F&Gb‘& AndBI(F-§
have one hundred and ninety two swtches
cohmethe first yetf dppenmogliage Iltqf?édliclgm(@@é“‘é?fs F5I5é456 Ofglﬁ;h‘é and

sane as those discussed earlier with res g ﬁ%&
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% th;ggﬁ'sﬂ 1#1})&%?%9&11‘ foﬂr folefe cefls 2040 FIE. DaKRuegh

the nternedi ate |1 “conductors

(c @Wﬁdﬁﬁs@lfSuMﬁétwéWSﬁ of HIG. 44nd switches of sutonefworkiof57§ of
of FIG 5) connecting to conductors 101, 105, 109

11 FIGwA; respeatieely.hAn eavally affepliiee allernativpisge comect eagh set of Ij
logic cells 10-40 of FIG 1, through swtches,_ of

s ulgomdictans k) mna@me romugior fingigarl efthe £ hers) éqons@ﬂsh RéthedPwr

Zf tl&ﬁgaﬁ{ d?rag %&a@bﬁﬁﬁef' ¥ “@%P&?“ﬁ“ aéo‘h% qﬁ‘?‘?‘f?
f h of
ané % Concgol{/%}egay(ad”ﬁ'gr%ﬁtdse%ﬂt@cﬁnd‘u |ne) fromeach o

th s~ as 4 CCAcRO0t the four

5 ﬁ@.g{ gl;u%{t@srad SRkt lof b Qiffdiér versRIRIfR -1
er e by a di

erent set of i conductors. [0040]
FI GcalBble nburbtocking swanhieginetionlehaving a strafiger eanapgtivity property

hotiBre RS 00 B E1G-ah oL PIE BARSBRTE S B SR EL §P
t hgonduRhbre %1%1251@0] B! ngt € SNE6DU drk BEnEorbletvall o;l’fbes
the twel vé M conductors, 601-612 (M Q-M1I 1]) of 1-SN

60Qoﬁd&t6‘r@ Mechabtie N eetabf I, il@mediate 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 Iy 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 I4 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. 5 where one conductor
14



conductors in each of the N sets of |i internedi ate

conductors 621-623, 624-626, 627-629, 630-632. This is
WO noosaod3rast to the coupling to (M N+l ) conducPOr/ESDNS/006583

the Mconductors in FIG 4 and FIG 5. In 1-SN 600,

conductors 601-612 are connectable to 1\ conductors

621- 623 through the switches in sub-network 620.

Conductors 601-612 are connectable to |2 conductors

624- 626 through the switches in sub-network 640.

Conductors 601-612 are connectable to |13 conductors

627-629 through the switches in sub-network 650.

ConshMtTpécnd6&drs car Be prograaw eletéddol centicet toda §ebidicdN osmRiuctors

630-632 through the switches in sub network 660. The

t wedflamy oif gheriosets: chsansoxempie? i the embodignenh 0eFEG. &, prnefaN-
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i =[ requicgd is|the daffRnenceripetweenddMsii 1 on sk ki ad A @Y-NHB x N + sum

cwi ronedt § s MR ot g s PR RANE ) AL 8 e s

x 1 | NP . L
¥ hecohnblraBpSeobdth 6 LN Yo e i OHIckaRs i el of e Nsdtd b
ar ecsrdnewees The diffehinoe Bétwicbrea 0-SSNaridda 14 inj tertrugo/itohas
in each of the N sets of | conductors. The difference

bet m@iﬁefhi_sah@ﬁff&mc%lbqwm M xte X g and [N N et =18 (lix X))

LS 5B 5SRO
i i.f = t i ty \ql .

[ R R ¥ o PRAGL 3 andicls acBBP MBI R ) R frortailq 10 noe that

[ k+helstlidmd 9f| FI6s. iStstillsvosks fonMhtd lee less thar the nbhaibet($)ebove.

PR SRl G s s R g1 |-5NgP deFls REHeeT S Rt
f n . ' .

' Bt B Shincldb FORITEL ey AN SEHERCNRED N without

t hapobinghRd¥tblocking 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 ;=(;.N) 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/I;), while the sum =[;.NjP; = M. Furthermore, in the
examples of FIG. 4 and FIG. 5, the number of intermediate conductors sum ;.
N7li is bounded to be at least M and if k x N is greater than M, the sum j=1.Ny Ij

can either be M or k x N or some number in between; while each individual I; is

bounded by M/N, k or some number in between and since M/N may not be
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| oosi ng the non-bl ocking characteristics of the SN
The nunber, [(MN+1)/1j], may not be an integer, in

WO b@saesses an i nteger nunber P is used by r ounBECTIgS2008006583
nunber (M N+1)/1j up or down while the sum=[1 _N i =
(MN+H). Simlarly, for the case of FIG 6,Mis used
instead of (MN+tl) so Pj would be the integer rounding
up or dowmm (MIli), while the sumM Furthernore, in
the exanples of FIG 4 and FIG 5, the nunber of
i nternedi ate conductors sumj=[ i _ N Ili is bounded to
be at least Mand if k x Nis greater than M the sum

J=[ihteddr divisibR{; & drhiategbrebyMoandikg up b dsw:s MMN, henebeve dan see
bet ween; while each individual 1j is bounded by MN, k
or tisap mmimdmtidr mayndtdewnenma agosg ald Efd!ﬂlﬂll"hﬂl not

doUROAA N, FSACEINe s ansadiaen ilare A aubps ofdgchisn th
be Miiofihdh: 3FRIE n@ s Jeducfe@ mﬂtlmlwh chﬁ@%ﬁtg]thé: ddinectivi

illustrates an e I ment ere he nunber of sw tches
in Iﬁ'dspertgrdfdw BNt HIG. FlrGre®nisshe mductem wherd certduptor f01 is

h th t t f th
o Bl 8 foaduis AT ittt RS8 Shinkudh ebfck B2 condlctor
S h CUOB ‘?éjsﬂo‘i‘teg N EBHIuOor 621 and B6HAWEP 60H3ZhbBe SOROLARIr®30 in

conduct or 624, conductor 603 is shorted to conductor
62 FIGa ¢ wheredhe sistecs outitehss yhmbt@@wordy J8r0d §¥Gop ag3iplated and

of Tor eamBE S ERes L SRR FIG 7 5al B pHEY R A6, 8 Bhe 1

ei BN Y00 ifdsGub Eehﬁtﬁkﬂﬂm 020 30 ahy 740 ¥ FIG.BWath ™ cobidactors
1- SN 700 mi nus sub- net wor ks 710, 720, 730 and 740 in

FI 905761 has the sammisieongercopnestigity propaay phibe d 3Rt 600 described
Str. I

oG, SRR S AL poRip A A BSBRY o mamber o
posmltches fmr ekamplegby shedtirgembiedV wondetorsfo theintednesjatd or

rt M d Lo
PP O SRR Ty PEETY R G BESH repaPa e ¢y
VO Woltwhfe dTRSHR ih AelesRiniionhectiva ihiteh evadld Bechmelifcreasingly

determ ni nﬁ; a connection pattern woul d becone
[ ncmers@n@a} nore conplex. [0043] FIG 8 illustrates

l?or o B?hh%e&te?% {;]éhul}{'éé‘t%fa ZgNsvw tMﬁ4§rk¢4' N=16

cause ere are

1 SING0Es for 1£{]151I\¢] WRtAhsé Rigtd dre 720 dwlitdhek irthSN §00ga 8-SN
cross bar d require 3072 switches. Each
would require 2112 switches and a cross bar would require 3072 switches. Each

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

conductors (inside sub-network 810) where the I} 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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of the N(=16) sets of | internediate conductors, for

exanple, | , has three conductors (inside sub-network
w@i@p/1wses e the |i conductors couple to (M NH PCHUSBOMO6583

conductors in FIG 8, each of the internediate

conductors couples to el even M conductors through the

el even switches in sub-network 811. By introducing an

i ntermedi ate conductor and an extra switch in the

connection path, the 1-SN 800 provides a | arge

reduction in nunber of switches required conpared to

that ofa O-SN. [0044] In the various enbodi nents

eXNRIRF I\f‘@dﬁ@u&@ﬁ%yﬁl@ GoMRESRs M reeilecthsd faasin kighalN Ehid
M conductors are the conductors carryi 3% fan- i

si gred sotweithecashdle sean smply have afdlivheredV it largeh g‘an kxN.
C O AT Byt B 6 Gintfich NP GalB. 0 BhORAS 1071102, serds,

cand“sinp ave a wher e

| ari@ery 1tz haa 1k3-116\in HHG.95 axaixtven outputefromrfosnsigstere pf ldgmcells
exanpl e, the conductors 101-104, 105- 10% 109-1 t2t p‘lle
113nd peing theri-BN for the PyrBeseefowRNtsedustipn Fipmpgxfpen to twe

cl ushed ina?JubLeQ g?fwéi@é J)@t{)ﬁ@ Butsy sme&r&tﬂn&inf&rsetebﬁd using

pur pose out pu r ed lon fromsixteen to twe
whehe 18N Admsemalkyf tm\mnmmmi%wt,das—las lél9x1t18emd 113-116

e Onb O RScHp! b4 AR ipL o Sk YA may be

' ntJ %}ﬁra\’@r b4fivhicatEaRuBeRv i cdmeetidlte fany nf)l}nb sonductor in
ou

ts of logic cells but may pl urali
oq mmmhty@canwlgmscwmt@s mwi@@ret&ﬁ opgPhlp Srmesion toa
condugct nductors is
suf FATRTY g?‘ft d‘%@& lgieo‘ﬁ{'}ah onnéct Fllgﬁlaétogagaglgrtl cul ar
congheasior rhmdésﬁgnmg inteatdnnyctivh aechitestatecior progragunatle gic

0045] .In d t ti hi
or oFHfebTeY PoGIETE (LAep Gae Fe gt nisngry A adegliae
Pr oMk SEornEaRANERuRceS BRA Gl evibineriipdradd eddaheh a circuit size,

i nterconnecti on resources based on engl neeri ng
t r aspeedhfidese oﬁs@v@m taplacesind goutg 9@@%0%@%%1@(1 gesign. There

sof twar e ! 9 eGAdcREs where R =
desldi a“g\'ﬁ%r (E,W efeg (forn%{fﬁgﬁabfl%%n@%o M con éll ctors.
andM/fex K)SieRss o s%ﬂl@ﬂﬁ@hﬁcﬂvﬂﬁsnmrﬁzhmlwmlkam@ Iapger Rf The
Ris too small, the con ilprb;%k’&?%n.%ﬁ n}ltedthan
a | srgirindlCTAcotFramle i 2 Gl atk Rt SR
op%ne}{t\qn %{]ﬂtlhh ﬁg kile }Be %1‘ Piddtits @Bing ¥PRaO hor-Blocking
bU|F Ing up t R rarchy o circuits using scal able
nonsWitciakg mgworks. A commonly used expansion exponen , 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,
etc.), etc. 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



swi tching networks. A commonly used expansion
exponent, for the design of a programuabl e | ogic

W@ 200804335 usi ng t he scal abl e non- bl ocki ng sw t BAT/I§2005/006583
networks, is in the range between 0.5 and 1.0 and the
choice is dependent on factors such as engi neering
design trade-offs (i.e., logic utilization, circuit
area mnimzation, ease of software place and route,
etc.), technology used (i.e., SRAM anti-fuse, etc.),
etc. It is sonetinmes advantageous to exceed the range
in parts of the circuits, for exanple, in an output
r edeieduite withhmsaziaed @SdieandlonieSN of camegud sadous copdinted

to a |l ess nunber u5|n a SN. 6] The ev

di sHHRIEPGH e SR RE 125 YrgLogs ﬁa?ag}f-‘ofl% @RF%% HEHEFE pe
us egelydriRUiThe phdvichsh deSttited RER®S GNYwcBAndch8n to an arbitrary

i nterconnect Of programmabl e |ogic cells whereby each

| evegnaifat mnyelewel @lﬁyxr@nhhlanarpbyg@rﬁ@daan mpubfvfaawmﬁ the logic cells
I ogl u &t E

connap B8 bFrbl SR RE T rho D Mg Wik Bimeet

usi fegotliroes atﬂnbguaa@eﬂieatﬂnmm@mhbmckl ng sw tching
net wor ks. The previously descrj bed schenes al | ow

conH¥4] on Bedow s deserledzprsphememduildingipa pragrammggble logic

C|r i
R R RA TR
t h e hﬂsraﬁsbhcealy IREGg 9 aldusinates ar embedimentsfdhe MERX aimchit 20§ io the -

ca es r [ N il abl e. 47 | ow.i.s descrl ed

o PRl St E IR A 1 e ol RIBb E TOB SR S pe
u3| RetwdHeeth bixddd M asRctors 961-948, $od @Bt b NCdonBSctors 101-104,
swi tching networks hierarchically. FIG 9 illustrates
an 05908 n®oi110f 113E1 WRiere N=aylhid R Q€ks b]; bbeduClord 431-934, 935-
circuit 100 in FIG 1 using a stage-1 scal abl e
non9Bg, o3kioag, $48-948) fard=f1eNWoherewhdH; SIMMNEer; e expansion
conductors 901-916, four sets of N conductors 101-104,
105ea@@entiRy & 1.9 i the embedignephef BG4, and N sets of |
con 4

onHERP: o 50 vy e B Pan e r St

exDasiﬁglh 1E8N soaoﬂr«lm 9, gy amveerdif gy dahdllﬁit&‘as 901-9{1 6Q4Bhe
By construction in bui I di ng a prggqannable cirecuit,

f or mshividpally copagetgt thropgkstly epe epndyeior in paslepf the k
t he o 6PRAUGEREGHs. IPhosR M c6RMUCRSEs iheﬁlgeave&%ﬂéﬂ csﬁﬁﬁ@%mg,

t hrough the 1-SN 900 to one conductor In eac
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 901-916 can be
treated hierarchically as the N conductors (where N=16) where multiple new k
sets of those new N conductors each 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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sets of N conductors. Those M conductors thensel ves
t hen becone | ogically equivalent. For any signal
wW@r00gilostrs ng somewher e outsi de the CLST4 cir cupeT/L8DODH06583

FIG 1 to connect up to four inputs fromeach 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 901-916 can be

treat ed hierarchically as the N conductors (where N=I

«Wag {e pid. '19'1ﬁu§&§t@s|éb$&k$hdgfrarﬁhﬁabedlﬂem Of cuaxtl leveloofs
!: aving a circuit including four 8 FH&‘E la&ij
tvvolrcﬁm efaraby £LSIJ 611089 using Four sess of §nggé P8 ST4
sel t
S ufife, SISl SO ETs3H 1030 G S ARBEAG, 70 PRL B it MIX
\?\z@?@% lfr@%?ﬁéh ; sl %shﬂé thaILBNQ?(lEdf KIG. Quintd asste@,e-z wakableaiosd
ile the desired circuit a
Cohlssmaiighiag namlaggwug%%ﬁﬁﬁé@ G figr M conductors
| [l us logg el
¢ PTG R s B o it B EMERTAT R cdhalBts 102
CL@@wmc»q OE[(=V]pand fc(l,@lséﬁ'éflﬂ&bﬁdu@b_rsfr%(l a970, 16871490 where
1030, CLST4 1040 of 10 ere gl
" sPe b SR e TXERT Senongipr ek EhtechBib €t bitigen

SC%gBﬁ&cE&Q%ﬂm agmwm qhiFIG. PElsnEdh cohdwitdrs 1056 of the
MIX16 1050 with si XHéS our M conductors hayi ng fort
(

ei ghty Goom M comustorOHESS(ant 3 056 flireckly gonnset todhe EXE QBEPPér@GS
105 f
103 NG sy 08 0y b oy

hassnﬁééht @RBuEORA056 (W[ M7, CDE[OCT]) hapumibut sets biEfosr sandaetors
M conductors 901-916 of FIG 9.

| FIG 1
corradeedy of the BT 6pndUGRTSOTESPS  HE COH A Bty gzggggg(om 3D
and t
A1 TR 1| TPk ot 30 o
10&&15011@31@10(]1040 The si xteen conductors 1056

030’ oftht hie tshatls Adme bk oea T Bop aRblo fOR g h8lSeve
f Ou(?._flc%ﬁﬂ WieSardidP cdrRctiftd Qrgdlnuin®er s nGhcidrd tdﬁﬁlttplé §Hﬂs of

The "expansi on exponent R is again
t hi endietors; is ilG0Bted[i0THG] 1 IrheFlfsdl 1¢¥ ill9etsy %%}neembodlment in

no nblgclzkog"lla(.lgrggl tsovr\xlln,t octh Yirddit ReFRS h)QSO' dt FICG. $0 Wi¥fe the ¥1§Jty 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 (where N0=4) sets of sixteen I0; conductors (where 10; = M/NO = 16 fori=[1-
NO0]) 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 conductors 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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of circuit hierarchy, connecting |arge nunber of
conductors to nultiple sets of conductors, is

w0 bdosavgzat ed in FIG HA. FIG H A illustrates BOT/US2005/006583
enbodi nment, in block diagramform of circuit MIX16
1050 of FIG 10 where the sixty four Mconductors 1101
(MO0O-47], ONO-7], OE[0-7]) correspond to conductors
1055 and 1056 of FIG 10. The first stage of
i nternmedi ate conductors i s conposed of NO(where N0=4)
sets of sixteen 10j conductors (where 10 = MNO = 16
for i =[1- NO) 1150, 1160, 1170, and 1180. The M
Confduesrng20 OKI1G 118, f Bieemintbet bswitahst uded tbietveeeh sheolfl

i nt ernedi at e st%gs | Oj con?uctors.llSO. 1160, 1178 _
1150ndusterg 1 Hbtastie forasts of e pegroiniisprdia rppduciars 4150,
11 69nﬁ7b,1 0 iftis efdbBdiblehtR MAIE2 58, FENREEHMISH Rlation to

conductors’ 1101 connects to conductors 1160 through
S UFIG: tSwan Witetd® e ifiplementation is torhave (M E0-vih arDe0 switches
conductors 1101 connect to conductors 1150 through
sub®$8%ork H O, and to conductors 1170 through

subyppstjwor k1G18PilusRsted sh SRBSHIGERIOT cikdBOTANNREY W here

sub-network 1140 are the same as subnetwork 1120 of

FI GonHi:tor5Ha60 isthe secofid Nisttefds; aosdurtore where i+tZnandND; = 16;
conductors 1101 to the four sets of first stage

| ntetemesiaecordiviare | A0l ey hichogirespeond o candigors 160 od
e”gﬁﬂ%“ififa\ﬁ intSreMEND SeRn cORaRRS 12418t 6N whidhohshoha to
Fl , an alternative inplenentation is to have

( M &dadigtors 1664 oHEHEG. 1) e Sub-npeaBRY 155G 176521185 of FIG.

illyustrates an enbodi nent of  cj it TAl 1165 re
conbt B8 s ieotan ssegRee Nebdb mprepmetlgniligbGagso
whefero, TR0 Eoddlictrs 1851-1 18421101 Bl4e 1 PRINEIEA ITHIG. 11A,
1201- 121_6 (which correspond to conductors 1160 of FIG
HA) resprctivélice to si xt een conductors 1241-1256 (which

cor ond t o} t . ~ 116 .
saplEFor K FGeLs W Gichic s SAN L oS hEFETIA where M
Ci I &dtidhictass 120D-1086 WS the dikfebn trferiieRECIDN B&ETucRBNTEOLDI $[0-
1150, 1170, 1180 to conductors 1151-1154, 1171-1174,

11815]1 ¢BEIGf11A; @:xtm,inneggqﬁéaic carglugtory 123 236 preo@mposed of

contbdrirstserdie x5 WA TR EoREloce ot srAba o eondgors

¢ on%t-ﬁﬁ, Hl%gliz%}lﬂi)gﬁﬁ, 1233-1236. The I1,; conductors connects to
the four sets of destination conductors 1241-1244, 1245-1248, 1249-1252, 1253-
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. 11 A 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 TA1 circuit 1165 of FIG. 12 connects conductors 1201-1216
selectively to conductors 1241-1256; 1241, 1245, 1249, 1253 that are conductors
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15]) of FIG 11A; sixteen internedi ate conductors

1221- 1236 are conposed of NI (=4) sets ofll 2j (I j =
wokitads7Tonductors for i=2, | = [1-N]: condupdDUS2005/006583

1221- 1224, 1225-1228, 1229-1232, 1233-1236. The | | 2j

conductors connects to the four sets of destination

conductors 1241-1244, 1245-1248, 1249-1252, 1253- 1256

for j = [1-N], respectively. The 1-SN 1165 of FIG 12

uses the sane 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 scal able

O} QK1) SYEIG 100y REh Uaikoobs Yoyt BB hudch &1 H A

or's 1154, 1161-1164, 1171-1174,
11&bnduicets ooeu (CO[2-7PDf EDFD- tsibom;smmmﬂmeo Sirgitaly,

L oaonasapatin v ToR0 B sttt fie AP, 1

CI r @80%Ci[@-1E C1[0-
b Sortdlithd, &%&‘Jf*@@ﬁ“f@ﬁ%%%ﬁﬂ?f*?ﬁ% I TRe C1L0

FI GS]}M JLS083P3ThEFIG 10| Gandinetons1i43 o¥24fF) 12517 3255 are
t 2

cormnatars 1165 G Attt St TR FER EhesBonfs bidoys of the sixteen
congueh@ictdrd 887d ([4-77 b Cofo- B31Fof ELST4M02000 G, aopond
to four of the sixteen M conductors 1060 d\gﬂé ng
cq@mlusqoys P41 2984125 3236 arpcendupters BG4, ]) of FIG. 11A

d 1 4 4
‘gﬁﬁ/ Cf,]% 8#8 f%ﬁf%t\}}\% %en 12 oéhRESr m@%eﬁﬂfﬂ Jk820-15])

correspon to four of the
siXéfe@ESNmmwfmmsmoso (d [4- 7] of d [0- 15])of

CLST4 1030 of FIG 10. Con 1247, 1
To s, oSN rep enedanabs e MTX 05 Gsfh o KR 1A
Cor QQ{L@; tcn?df\IQ‘PG Pl 1ﬁﬁﬁ2sSNt1ﬁ§lérd¥hﬁﬁBﬁj YRé Airfibek@fQets of

-7 of C2[0-15]) of CLST4 1020 of FIG 10.
Con@hahtstags oflintetmedigiegondusars ND=4 gnd N =@ shgrecthe produgigi0xN1

o1 ce gty Sotincbals o et Y Rty Bl

A s I W
i\/ﬁgﬁﬁh%ﬁi}*g‘?‘gsﬁ%ﬂbﬁnﬁég‘ﬁ &{138 i ht er rnegfgln{‘i‘i Nbﬁ‘ and
o L A R PP 5 IR e
Fl G2-S¥@of‘¥d5@@1a§‘768 switches. A 1-SN implementation would require 1280

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 I0; of
the I0; conductors, the number of switches would be (M-NO-+1) x NO + sum ;=[;.
Nop [(I0;-N1+1) x N1) + sum j=f1.n13 (115 X (10; /N1))]. In the FIG. 10 case, we
have N=NO x N1, I0; =M/NO, Ilij=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; is used as the
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stronger connectivity SN discussed in FIG 6 and FIG
9 is MKNO + sumi=[i-NO] [(IGxN) + sumJ=[I-NT] (Il
WO pooShB43/Nl ) )] where 10) = MNO for i=[1-N0], eemukions/pho6ss3
= 10i/N for H-NJ, J=[I-N] in network 1050 so 10 =
16, Il = 4 and the 2-SN of 1050 has 768 switches. A
1-SN i npl enentation would require 1280 switches, and a
full cross bar switch would require 4096 switches. In
t he case where each 10, conductors interface to
(M NO+1) instead of Mof the M conductors, and for
each Hy conductors interface to (10, -N+ 1) instead
of \ififgrmQiizet ew!MOand Giftdbicdondgctors lard Elwmthes caf bsadded hethe
woul d be (M NO+1) x NOt+ sum j Lﬁ [(1Q-N+1) x
N )smalley mzpd:N, gtl(el Nq Z}Ppitaf(tq pf\me)lﬁ Smeett nfepegnngesion
case, we have % =M N=k, thus
thesmﬁlﬁﬁétfono‘f’lus%tf‘?%‘& e srpdlies S v METOEBRETS ffan

N +k)] . [ 0055 d h of
O s i <pngera e Sape S REGSRTREIEIY RS f Farkdll in
d' fﬁﬁﬁefgﬁlséwoﬂfaﬁﬁse&%m% uEfbrsbﬁ)lofozﬂ 'iOé-‘i()SnlfDDZﬁz 13-116

can be constructed with different Sized Nj's where
t h easrmpuutaﬁm legiz edlsl\] 0-40; respeativaly, tageagellfi®raf Gz édllaﬁ ey three

and, virt a tches, ca dded, t 0

t neiphiabErof BaRie He Ry i RGP PR E M e .
N Sldiaerinb8aletbad Rty 621-69NstaPR1eishing AW itld theWikbdptidQlthat the
require the smaller sized NN to have nore connections

t haﬂler sWItchesn@ sub-naigvark §8¢ @nd ¢pnduetor Hiaze { ituply and can be
pro an exanple, in FIG 1 instead
TRAUENRY Y (e

uctors 101-104, 105-108,
109[01)53] 131\3u]14§& shpes Gm&&bfeofonllﬂ@km;@htchnﬂgﬁxeﬁ@orks can be

respectively, logic cell 10 of FIG 1 h t hr
i npbwik ustmg theschemgs daqehedmbeye, donGxapiPkg, Mﬁ& of FIG. 10
601z Olt%e 1@%&%&?&' anstzi: .G &mﬁfé%h%@&&f%%ﬁ&&w network using

condtict of e same, wth the exception

t haijoheni4y af 944 ﬁhﬁ‘ $1r§t iintSildned I EdndB8RreA0p= M/NO, 11;; =
conductor 104 are "virtual" and can be taken out -of

t hegdN1i hdfh G = B, N20R8 6% [ Mxoyjjp! | -1 a<=9F 1-803 | vike
non- bl ocki ng swi tchi ng networ ks can bui 't using the
schdiPed 1g2eNFbewhizhoythe numberofdnpite fortehfél ofitle foms CLST4

G900 i TS 35, P S SO BB

N2 =fimplefnbnted aSh stapd-2 SME@het BI0FQ) NT2)NpRaihd NIB3{2 wth four

M N?ntermedlate 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+N1+N2) = (2+2+4) = 8 and (NO+N1+N2+N3) = (2+2+2+2) = §,
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 NO=N1=N2=4

where (NO+N1+N2) =12 would be very effective in switch reduction over a 2-SN
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IG/N and I2ijk =11 jj/N2 for i =[1-NJ, j = [1-N]
and k = [1-N2], where NOXN xN2=N=16 which is the
wooosao43e8 | nputs for each of the four CLST4 cPCT/UB1085/006583
1010, 1020, 1030, 1040 of FIG 10. Similarly, SN 1050
can be inplenented as a stage-4 SN where NO=2, N =2,
N2=2 and N3=2 with four internedi ate stages of
conductors connecting the M conductors to the N
conductors. The 2-SN i npl enmentation over the 1-SN
i mpl ementation in SN 1050 of FIG 10 has a reduction
in the nunber of switches by the difference between N
X% d( Iy heZBM\I dvBe1-3NShhere
and BESPUEA RIING m sta ety
(hﬂ%ﬁﬂuhﬂ+he) (2+2+2+2) 8, respectlvely, has no

i nment,, over .t he, 2- 4

Arsrqé% , {rh‘ﬁsa‘ﬁ‘/' H%‘f?edeg%}]sgw‘gﬁ Fe%efs%@ [}?1# lﬁex(a?'cJB )usth%calable
th qloatmmﬁng)sfwﬁmt@ mw@ﬂnemateam}a Gua e c@mjmdtmi fansn foor
each stage, add up to_be |l ess than the previ qus s;al?

nu|qonn@tc,ag@u9ua2 and then adrSlhdo sadsendpirinpylogic
%\lxt%gl# Q%%Wﬁ%!?wwﬂ%a‘i@ﬁétgﬁu i d'lwcﬂgl%bnﬁe@'?ed\‘l@ meogua@en

very e rve S I on a 2- SNusi ng _
s of dabh oRheNd)r CLIB @R28-138 of 180 inyFlle 1) tineuits, [Bviding

wgrEaAe GRnEr kR o PR LTRSS LRSS The st level
norbcf%‘e&l'f hiwaréw fnclEEGhE s&w@s%mtﬁom M e MW 200

conductors fan’in to connect, throu -SN and t hen

a limplemenedsisthe &SN 900 of FSu O whrgq: 686& 180 has fope Bwr-gput

t naogictetial 40 b 8 B hiemor T s bRt ¥IG, B4 5o hifher
of ¢06hd tevéiloBeirdiit Eliefaﬁdliyt1§them1®7ﬂldlllogo vircestof IFEGet0 having
connections fromany output to_all sixteen lo%hagswhere

cel foyr CERE41P9 §trcul@v@r:h £-SN Mdk 16 195@ pgshayp 1n

h
e

hale OnrCESTIG- 1000 ¢ach ofjsistecmblitputs 404%) 1475, 1086, 1095 (connecting

flip-fl 50, 60 FIG 1. T t h
A T L o e
C' r @Es’ﬁs Qéoocdlfémtlaﬁd BRVItRG 480 Cotdudtors 1685 SHFIGU10 San be

a 2-SN Mrxi 050 as shown in FIG 10, where the
net tmn’tkd a05ON mﬂecrmstoéthedELSTsléu 1000 4n building ymthemext lpyel of
FI G. H.

cn'cult%uerarchy. ﬁxe sixteen outputs 125-128 of CLST4 100 in FIG. 1 for each
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 hierarchy using CLST16 1000 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
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12. In CLSTI 6 1000, each of sixteen outputs 1065,

1075, 1085, 1095 (connecting directly to conductors
wa0@8jo43as unrestricted connectivity to every PODUS2005/006583

cell in the CLST16 1000 circuit and the other 48M

conductors 1055 of FIG 10 can be treated as the N

conductors of the CLST16 1000 in building up the next

| evel of circuit hierarchy. The sixteen outputs

125-128 of CLST4 100 in FIG 1 for each of the four

CLST4 circuits 1010, 1020, 1030, 1040 of FIG 10 are

directly wired to sixteen M conductors 1056, whose

OUtHI@.q fﬁﬂéhcﬁlgfdd@ﬂmloqnﬂﬁéﬁf FIG hwoougte GLSIN1000citchit of §XG. 10
third level of circuit er.

arch CL.ST16_.10
ci r@nhave apsalismatiye H@PIBF‘GW‘%O%\%X% ‘hi Sfl\g}"f%} SEity fRur &?her
condnorars Ne - dpLPREP TR ) ROkl LRk T puthods
contiscussed il FEG. £ oTfhenimber oy swnclteh & MnoQ¥-dorrale uswgitioe
circ 058], The CLST 10 rcui t. of  Fl
| | alopis lagoseed e 2LERPs Ran i G el HedRN P lnentation
Si X4 tﬁ@&hbd\dlﬂleﬁkcmil@“ $0 h@dhe séxﬂéﬁmﬁséi OFIsWHEIRR.

fourinput |logic cells organized in four groups 1010,
102@0521030Thq dadsion indptermining Whish implanesigtionhemore suitable

of P depbifor Biguptinpbosi BB e tne  BlEp
10&&1p¢¢mawat{on®frlﬂﬂn6‘re 1im&rmethath atagesof c@hdwterain the FIG. 10
) n’pnml ehﬁdgprrent grg |02 gglt'%ln-n gaué )I\/]l’gign\évih%s? g)tsnlgsel)&(fféntﬁrme':\g@te stages of
%&&9&&{;& ity %Hemgsm gmeh&%n G ﬁSﬂéiﬁ@f@ra’bfé fsldg samrhe

sw tches i 280 using the _
a nategisiodogyi whetheramelstyleis mnore sultab teig layomt lmmemmtgtmm s, Itis

both th mbodi f
Pi crognete wpis, PRET IR Meinof s, iy B BEHRNE ofiaye o
declegdontble Biz6€ baseimai 8Plogtui cells cmbamhﬂiulgﬂ A SN\ssahe e

suitable w il depend on en |neer|ng consi derations
suctyeshead ,v%ﬁé‘?tﬂleﬁw@hfc%m i g ¥p SeieiRbbAsA AERYSHE 1ogie pells

0! SRR NBh I AAIRS ofr HOMIHELAIY dods hiafldd. 10

enbo or si xteen-1I nput Ss nu
i nterpledéming aslalggleszadfbasmmmfdmgc cellst He mbsSMogrammable logic

i npl.enentation is refe abl e

t ccHO b= e (o Ray el 3ray w0 Fabhehas gther thee

| ayiaphts of Rlue iyt kit is Rbdonable td Seel AP thiMlusttAed@latples

based on the above anal¥3|s that It is preferable to

havéisgussed 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. Depending 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

MUXs to reduce number of memory controls, switch reductions, etc.
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reasonabl e sized base array of logic cells connecting
through a SN so the overhead, in total switch count,
WO oostio43ehi ng up several base arrays of | ogi c Bel/IS2005/006583
usi ng another SN in the next |evel of circuit
hi erarchy does not exceed inplenenting a |l arger sized
base array of logic cells. In nost programrable | ogic
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, fromthe
illustrated exanpl es di scussed above, the nunber of
| ogftlcABMEl s, k, in the base |ogic array should not be
a small nunber, or rather, depending upon the size of
N, x :N shou]d be of reasonable size (e.g., the CLST4
100 ﬁﬂ&ﬁﬁPﬂ Br G 1) for a SNto be used efficiently
as the interconnect network. [0060] Using nunerous
enbodi ments and illustrations, a detailed description
i n bui | dMhEteEREDEIEC e SPEPHISNSion- bl ocki ng swi t chi ng

net wor ks.t1 gﬁf@{"&‘ﬁ qﬁgjbglz?ﬂmb@u&&rsg ous conbi nati ons

to provi terconnect, or I nputs and out puts,
for progrsoombpleraliggefk stsrafN hembd&efeomtustprotk x N number of
technql ogy, and engi neeri ng consi derations, variations

in ‘i%ﬁ\*%ﬁ%%}naa i on of the scal abl e non-bl ocki ng

swi t chi NOsyARMMY ebw SRYSKE, Wikesln M RCh Wbt 1o+ I\QWhefb](}E is at least

exclusive of, the use of MJXs to reduce nunber o
menioyand dhisrablegst tei@i t ch reducti ons, etc. CLAIMS Wat is

clainmed js; 1. £A§§Ii ted circuit, conprising: a
first pl"vuI?eéfllﬁtﬂf/ 0 Cﬁﬁﬁgﬁér of conductors; a second
plurality of &plamfisy effswitchesyber of conductors (k x N

T O, SO i 1 s et LA o

ol ur al § (g AR ooetol6E L f1-NOF AR TR PR o N

of condueispNg, 10 i8 @t leakt RGuANES BL sndetween M and (k x N) when M is
less than (k x N);

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 I0q
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 (k x (M/N0)) number of
conductors through the SN, wherein the first set of at most (k x (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 (k x (M/NQ)) number of
conductors through the SN, wherein the second set of at most (k x
(M/NO)) number of conductors has at most (M/NO) number of conductors,
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I 0 nunber of conductors for i = [1-NJ, wherein NOs
at least two, Nis at least NO 10 is at |east equal

w0 o00bhiesds bet ween M and (k x N) when Mis | esspehaseo(006583
x N); any two conductors of the first plurality of M
nunber of conductors to selectively couple to at | east
two different conductors selected each from at | east
two different 10p nunber of conductors and |0q nunber
of conductors, respectively, for p, g =[I-N0] through
the plurality of swtches without requiring traversal
of another conductor; a first conductor of said at
| east t \rrgbdiitRing e oAU R biost %W)' N@hber @@ b dRctors,
to a first set of at nost (k x ( ) nunber of
conduct dros each@i e k sets N nymberaif goRdustars.r st set of at
nmost (k x (M NO)) nunber of conductors has at nost
(M NO) nunber of conductors fromeach of the k sets of
N nunberrngfinte@ad ¢irenis of @fich B caeceshdueonsibt 00; nafbehef
at least two different conductors to selectively
couphductars to stectimely setplok nambemaficofiductors Krd@eh the Sioeithout
of conductors through the SN wherein the second set
of r%@“‘ﬂ%?av(eﬁsaiofﬂoﬂlﬁfomwgr of conductors has at
nost (M NO) nunber of conductors,different fromthe
first set of at nost (k x (M NO) nunber of
corfduct dits,integratedearchit of claie2 kwheseig thef IONyrobdsas atghost a

conduct ors. The | nteqr circuit .of. cl.aijm C
corl#fget ‘bt{r(f‘éfﬁ/ll‘w n %%adﬁﬂ@f/ﬁg} YR Ao YRereig the ploraff et
selsaichash ¥t T PIM-Ne- 1) 3P e M &k ) GRRBEES Qfitch &Y M1 odEM x
SN wi t hout requiring traversal "of another conductor.

3. (kHeN) mimsbprof ewitetiescuit of claim 2, wherein the 1Q
nunber is at nost a larger of (k x NNNO nunber and
(M NO nunber, and wherein the plurality of sw tches
i s 4t | eHrtinfegiutadcirthit of Maim B/ furthdr compbising &f nusntiet ofies

regEramaRIOlS g Pl o o Ioru il ero RS & 9K fells
NUNDGIngdl nRBEN TR Londuedis w‘h%ll'e:ilgeacﬁ%? bhed nidrftber fof

nunber “of programrabl e | ogic ce ]
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 R x (k x N), wherein

R is at least 0.5 and at most 1.0.

6. The integrated of claim 1, further comprising:

a fourth plurality of I1; number of conductors to selectively couple the I0;
number of conductors, wherein the I1; 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 11; number of conductors through the plurality

of switches without requiring traversal of another conductor, wherein a third
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havi ng N nunber of input conductors, wherein each of
the k nunber of conductors corresponds to one

weondueses of the N nunmber of input conduct or SPOFf/UsTves5/606583
nunber of programmable logic cells. 5. The integrated
circuit of claim1, where Mis equals Rx (k x N),
wherein Ris at least 0.5 and at nost 1.0. 6. The
integrated of claiml, further conprising: a fourth
plurality of H nunber of conductors to selectively
coupl e the 10; nunber of conductors, wherein the H
nunber of conductors conprise N groups of Iljj nunber

of c&Abiee bPthe tive differsilt toidhlctorBrionNI1 ;i rfanéer basiduttos,and a
wherei n any two conductors of the 10, nunber of

c ofulthtcondudtar e ehectortol differencanghaotsas from 18 hfimmbenrtf
conductors of the H nunber of conductors through the

pl eengurioys wxd thenwmebrrg indificeat Tpedhe PrRBersiavessall Bt
anot her y4Lqpgdy %rﬁﬁlcto}“’tbege%cpgﬂ%/ H}‘ﬁp;ll% %baﬂﬁf&; 8F at Aost i€ t WO

di fferent conductors iIs er of conductors
an(MANOsl¥i ))h nerobehodtcondusfors fremtthek détf bENemmmbeooficnadoctsrs

is f | nb f. d [

o reRgiibe SN AP e St Lo} § st oGP B BT Fiaber ot
t hisiueRpSkiE P mobM/ENGaT1 )Y ehmb&VfRbedhRidri frbsh ¢aehk obthe k
at nost (k x (M (NOxN))) nunber of conductors from

t heetk o5 mymber of gondesterspdndconduct or s t hrough the SN,
wherein ' 0 :

nunber B er}gggrtllg E‘%@g ?t? ' hoag;elegtwﬁg ?éu};(‘%/? Mﬁ%&% b%%?e K of
COU@N0xING ))f) namiberafivonductdre frismsthe & setb oRNmmmiber obdonductors
L eSS0 RSP Sl o
NUREBRTucRrs FRME BosOM/(N0A91 ) htmBersicondfctdis, TR eht fﬁ‘fnfl the

1
conductors through the SN, "wherein the fourth set o

at thirskset pkatymgshK NOMMNOXN 1) neyaberoff cerstugtoss, dvos eagh ofthe k

N f conductors, different f
havs &%&‘%& %%“g#@rrg‘%t o( kcgn( lld/l(':( NOX N )I)) hunber of |

conductors, fromeach of the k sets of N nunmber of

conductors. 7. The integrated circuit of claims®,
whér ei n Thadnegrated aeewst olgflaime whepgin paghisendustor of the I1;;

CONAUELOLS. SEL RS LUELX ok URLES K KuB IR coRluck DG e s

without requiring traversal of another conductor.

8. The integrated circuit of claim 7, further comprising k number of
programmable logic 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 (k x N/(NOxN1)) number and (M/(NOxN1)) number and the plurality of

switches are comprised of at most [M x (NO+N1+k)] number of switches.
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wi t hout requiring traversal of another conductor. 8.

The integrated circuit of claim7, further conprising
wda20vamrs of progranmabl e [ ogic cells, each ofprehes1005/006583

nunber of programrabl e |l ogic cells having N input

conductors, wherein each of the k nunber of conductors

corresponds to one conductor of said N nunber of input

conductors of the k nunmber of progranmable |ogic

cells. 9. The integrated circuit of claim7, wherein

the Hy nunber is at nost the larger of (k x N (NOxN))

nunmber and (M (NOXN )) nunber and the plurality of

swil 0 cheShaligegaspeiranibfefaimt], mhsteir ddck of Meplirakitylof switches

nupber of switches. 10. The inie rated circuit of claim

1, 1s\,gqupéquE atateagt 2 pIRgrap) ¢k l?ﬁpwgaéw tches is

conprised of at |east a program controll ed passgate.

11. The integrated circuit of claim1, wherein each of

t hélpl uilhe intggrated siguitodfedaiingl, avdiersin eashl of theglurebyf switches

programcontrqlled drivers/receivers., 12. The

i nt e‘g’ma%ff’?é?ﬁsga Bﬁpg@%?%uf,ﬁeﬁh/\%re“(%f/ﬁec% lﬁ’grs'pl urality

of switches are conprised of at |east one of program

control | ed passgates and programcontrolle

d
dr il%er s/The indegraed cirquit of gl I phgresn the Phyrakityiof syitches arem
1 = ; . :
or SSRERRADANERR ot BELBETC IS pRld 18 P gontrolled
i ndagestrediverst cuit of claim 1, wherein the integrated
circuit is inplenmented using process technol ogy
i ncorporating nmenory devices. 15. The integrated
ci ngui t TRk iRb@hied Sired&r @dith 1, Mhetdith 664 Gt tBE pRirdlizybf swikches
i mpl ement ed usin rocess technol ogy incorporating
nohwW©p5¥¥m@CW%W%P5OEéWKﬁ@épﬁiﬁﬂﬁThe i nt egr at ed
circuit of claiml1l, wherein the integrated circuit is
i mpl enment ed usi ng process technol ogy incorporating
f udd. deVihe éxstegritéd ciftwt ofitlaigr Bivdtram theuntegmfedaliminmisl,
wherejn the integrated .circui.t is inplenented using
or SRR BE SIRF oS HEUTElRE RSP oTTIE TS YflevicR s
18. The integrated circuit of claim1l1l, wherein the

integrated circuit is _ i . o
15.  The integrated circuit of claim 1, wherein the integrated circuit is

implemented using process technology incorporating non-volatile memory

devices.

16.  The integrated circuit of claim 1, wherein the integrated circuit is

implemented using process technology incorporating fuse devices.

17.  The integrated circuit of claim 1, wherein the integrated circuit is

implemented using process technology incorporating anti-fuse devices.

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

implemented using process technology incorporating Ferro-electric devices.
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I mpl ement ed using process technol ogy incorporating

Ferro-electric devices.19. The integrated circuit of
w@e@bk@smB7s wherein Mis determined by R x (k x MNT/USIes/e6583

Ris at least 0.5 and at nost 1.0. 20. A nethod of

connectivity in an integrated circuit conprising a

first plurality of M nunber of conductors, a second

plurality of k sets of N nunber of conductors (k x N

nunber of conductors), and a swi tching network (SN)

wherein Mis at least k + N, where k is at least two

and Nis at |least two, wherein the SN conprises a

pI upal i ﬂ“};e bfteguviedl cilmaﬁt afivthim 1, vhegkippMis detebyingll bR x (k x N),

n i ncl ydi ng NCsets of 10; nunber
n?‘ &g@t"g?‘?s $ ‘[“is-tlké}, wherein NO s at | east
tvvo Nis at least NO IOis at |east equal to M and

between M and (k x N) when Mis less than (k x N),
vvh%@ ei nAtm@hﬁépﬁmme@wwms e integadted cirauat qorrqmmpigl a’ﬁystany

co é& {E}g M? eaé»ld]il G 2% urﬁ?gh\r%g ﬁgﬂé‘%}ﬁn‘gﬁ nuffber of

S ebcmdluetdrﬂékOhN fnmﬁihibﬁdsf doﬁ&ﬁdtox%)é@ndia EWREIEAE ndtRBrIN@N) SV herein
ond @ S\ nupber of conductors,
yﬁ qﬂ/ Siherg k 1& atfeps! [Qyp apdNgsghleass Eve| wheagin the SN
Of c&ﬂf)ﬁs‘é?ﬁ%hﬁ/‘aﬁtp%@gwﬁ&ﬁk' bid &lﬁr}ﬁﬁﬁﬁfl tf 18 B BQ{IJ}%on uctors,

conduct or; “sel ecti vel coup Ing a uctor 0
saimtluding N@s&ts bl ninﬁlﬁe&roé nénduotoel ok D#$1-1NI)] alelérélﬁtNGS@tat
of at nost nunber of conductors through

t higagiiwo,fd éfr #i 1?@4 N8, ¥0| ls 3tleastequai toaM angddretwaenM aml (10y N)
CoRRERMets 1R MAAD. Werel e RO ETDC! O

conduct salestivelydosgingrny vebd yorinopls oithe fisst pluplity of M number
o ago b ot iy s B e
Coﬂ'ﬁféﬁ%?f(ﬁ Mb@f‘fgﬂs %H@ctﬁ"}l’anm %hﬁ)g} Bf 0%8& Qr(si o ? eﬁ@gily,

at nost (P? X nunber of! con ors as a

( Mom@) q H[JITNGH thobughahelplitditgof siifchey withodt reiBirdinErdvefsat of
set ngost (k x (MNO) nunber of conductors, from

ea?:‘}? lorsets of N nunber of conductors.2 1. The

et hod @fiectibally Rbegfling! aUﬁ'x"strh%hdﬁch is§id n%e%?tl t%tdlﬁaje%{t

coupling each” conductor of the

c otrndugtorsdo pdirit saofise most (kodM/M)b)cmBnhm obogtdutioes through the
SN, wherein the first set of at most (k x (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

selectively coupling a second conductor of the at least two different

conductors to a second set of at most (k x (M/N0)) number of conductors through
the SN, wherein the second set of at most (k x (M/N0)) number of conductors has
at most (M/NO) number of conductors, different from the first set of at most (kx
(M/N0)) number of conductors, from each of the k sets of N number of

conductors.
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SN wi thout requiring traversal of another conductor.

22. The nethod of claim 21, wherein the 10; nunber of
weondueses s i s at nost a larger of (k x N NO Pumg1005/006583

and (M NO nunber, and wherein the plurality of

switches is at least [(MN+ 1) x N+ Mx k] nunber of

switches and at nost Mx (k + N) nunber of switches.

23. The nethod of claim 21, further conprising k

nunber of programmable logic cells, each of the k

nunber of programmable |ogic cells having N nunber of

i nput conduct ors, wherein each of the k nunber of

copguct &1?1’;5}%

nugger 0 §| nput con ﬂlgztot)rgg&gfct ﬁ%[ ca(lelg?&lﬁngeac}l

pr egrdutozlf ¢hel IOgmumm Ior Bondi’létors'ﬁbdx numiten df adndattarsthidiigh the

where Mequals R x (k wherein Ris at least 0.5

anéNavitheyd requinng 'Q’;‘:Wrsﬁh@f th%%PI@PC‘@F -aim 20, further

conprising: selectively coupling a fourth plurality of

H nunber of conductors to the 1Q nunber of

conduct ahg metey &fi dlaitn X, WherriinBe 10; @mbenelison@i&ors is at most
conprise NI groups of Hy nunber of conductors for |

=[ 2-lagpr oft(sxeN/NO0) ngmiber dnddBY/NOvemisas) mwh@gly twopiptalitypf
iR dF A BATOR 8% 57 D MR BR s 6% frobthax

conruaiainienbosigificHelle plurality of sw tches w thout
requiring traversal of another conductor, wherein a
third conductor of the two different conductors is

of e s RN i e e am e bbb G AERab1c

of logia deltst each odithk K mamberiof pbigfanemali¢ 1dgoenlls heviag Nomumber of

el ectively,c l.ing the_.third conductor
5 o o S e U Riteie St et Sids tone
C oRGhdictirof i B ekofSeHhig c@n(fucf‘érﬂbmﬂi@k mndbef NS ELMNTable
through the SN, wherein the third set o f at nost (k x
(MiegBsMs) )) number o f conductors has at nost
(M (NOXN')) nunber of conductors fromeach of the k
sets of N nunber of conductors; and sel ectively
codl i nghemesthabofdaindid wheerM tequals RoufkthNg ethereih Rat at

m)ﬁet:asé 5.5 )énd at most 1.0.

25.  The method of claim 20, further comprising:

selectively coupling a fourth plurality of I1; number of conductors to the
10; number of conductors, wherein the I1; number of conductors comprise N1
groups of I1;; number of conductors for j =[1-N1] where N1 is at least two;

selectively coupling any two conductors of the I0; number of conductors 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 r is different from the s forr, s =[1-N1];
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(M (NOxNI))) nunber of conductors fromthe k sets o f
N nunber o f conductors through the SN, wherein the

wo ocoostibuzget of at nost (k x (M (NOxXN))) nunmberCDiIS2005/006583
conductors has at nost (M (NOxN)) nunber of
conductors, different fromthe third set of at nost (k
X (M (NOxXN))) nunber of conductors, fromeach o f the
k sets of N nunber of conductors. 26. The nethod of
claim 25, further conprising selectively coupling each
ccoonndduuccttoorr off tthhee 111l nnuumbbeerr off
ccoonndduuccttooirs to k nunber of conductors w thout

requiri BdedtivaMoaalingdthé t}ﬁmgﬁctslqe@tﬁﬂr@get of 4t m&ﬁk X
met hod of claim 26, Turther conprising k nunber of

pr GYNOdIB) R nimsberof cendusiore fem the k sethef N nmm’meaf @rnductors

A e O

co nohmxbmrashasat me s dAS0x11 )p nembervd ¢ohductods frofeeabh of the k
nunber |nput cogductors of the k nunber of
pr 83¢ & edpssandrg  The net hod of cl ai m 26,

wh t f
o T Ao D i ol

pI (Mé(NOp@Ilm ngmbercif @gndmtqgs fremsthak sete of N[rmlmber of conductors

@lﬁxi SRJU rTJrl)lerem e ?V{H ? 5f at most (k x (M/(NOxN1))) number of
conductors has at most (M/(NOxN1)) number of conductors, different from the

third set of at most (k x (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 claim 26, further comprising k number of programmable
logic cells, each of the k number of programmable logib 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.
28.  The method of claim 26, wherein the I1;; number is at most the larger of (k

x N/(NOxN1)) number and (M/(NOxN1)) number and the plurality of switches
comprises at most [M x (NO+N1+k)] number of switches.
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