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| NTERCONNECT ARCHI TECTURE BACKGROUND OF THE | NVENTI ON 1.

FI ELD OF THE | NVENTI ON The present invention is_directed to
the field of SYQYEHIabl e gate arrays. Mre particul arl FCHRAP ent

i nvention is directed to a scalable nmultiple |l evel connector tab
nretwork for increasing routability and inproving speed of signals in a
field progranmabl e gate array. 2. ART BACKGROUND

A field programmabl e gate array (FPGA)- isja cost effective, high
density off- the shelf integrated logic circuit which can be programred
by the user to perforn1|ogic functions. Crcuit designers define the
desired | ogi ¢ Tuncie gy ek Fo' SCATABEE ML PIPLET ECEVRE INTERCBNMER S SARCHEftcTURE
signal s accordingly pendlng on logic density reqU|renent

production vol umes, FPGAs are superlor alternatives in terms of cost
and tinme to marketg, consi sts of an outer
ring of 1/0 bl ocks=“aErrHtr B 2 ~~freetr i x of configurable
function generator (CFG | ogic blocks. The I/ O bl ocks residing on the
peri phery of an FPGA are user programmabl e such that each /0O bl ock

can be programmed 1. nde FEUDOQOF THEINVENTION) Ut or an out put and can
al so be tri-statable. Each logic block typically contains CFGs and

st orage registers. Theﬁ%ﬂﬁ;ﬂf&%ﬁ:ﬂé&ém%ﬁéﬂ %ﬁ‘mﬁannel

Its input variables ect resoQurces

n
bet ween t hes rows 8ate aFRys. M%ﬂértéﬂ“?ﬂi% tﬁﬁtﬂ’?ﬁ?“&fnqe&&% E@da?ﬁoa al so
between the | ogic scalableblnuhi;ﬂedmél kebfinedtor kab ndtwank fonimreasigect resour ces

provide flexibilityytapility and improving speed of signals in a field programmable
gate array.

2. ART BACKGROUND

A field programmable gate array (FPGA) is a cost effective, high
density 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 FPGA is programmed to process the
signals accordingly. Depending on logic density requirements and
production volumes, FPGAs are superior alternatives in terms of cost
and time to market. A typical FPGA essentially consists of an outer
ring of I/0 blocks surrounding an interior matrix of configurable
function generator (CFG) logic blocks. The I/O blocks residing on the
periphery of an FPGA are user programmable such that each 1/0 block
can be programmed independently to be an input or an output and
can also be tri-statable. Each logic block typically contains CFGs and
storage registers. The CFGs are used to perform boolean functions on
its input variables.

Interconnect resources occupy the channel between the rows
. and columns of the matrix of logic blocks and also between the logic
blocks and I/0 blocks. These interconnect resources provide flexibility
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the interconnection between two or nore designated points on the chip.
Usual ly a metal network of lines is oriented horizontally

vertically i n YOSy col ums bet ween t he | ogi ¢ bl ocks. F bl e
swi tches connect inputs and outputs of the | ogic blocks and 1/ 0O bl ocks
to these netal |lines. Cross point switches and i nt erchanges at the

i ntersection of the rows and columms are used to switch signals from
one line to another. Often long lines are uged to run the entire

| ength and/or breadth or the chip in order to provide point to point

Cospective 1t or cdbiidel e Heelcdfindodon Slllibell %k"?’y‘%?’gaf‘f*?@%% points, o
functions are contowihechipy Usuelyra metalmeswork oflines J§t‘8‘?@'ﬁe drogizontally
on-chip or separ atgdweasicdly in rows andcolun%ﬁsb@@&b@ﬁhﬁé!oga%lmom more and

R o an h fiieﬁ’a@%’m%&"gﬁ%a %ﬁ% Rﬁw%'f‘o Sagplts B aEI0ei RS
functions. It fol langlA(blocks to these metaljines ps&mmbméc@wd esources

al so has Increasednterchang@%pﬂié ﬁﬂeﬂ&béﬁbﬂbﬁtﬂe%ﬁa%aéﬁﬂcdmﬁﬁ%raﬂfusﬁﬁ% and
i nt erconnecting esourc i S t[i P ﬁggseas S as

possi bl e. One way stv%xtch s:gnq# ‘Wi‘?é‘ O hi p
required is to  runtheientirelength nod{ongraadﬂogr mduplm@rdarmpmldg a

certain |evel of point t&faﬁh@@&ﬂ%&h‘vﬁ tﬂhe?ﬂﬁéﬁﬁﬁ& the /070 o8 andat as
the functiohality nt ed i ncrease

l.ene | .
i nt er connecti on re@ﬁ’ﬁrr@&@ ctive interconne 5%0 oaﬁhgﬁq I3 ﬁ&%"@pyof
signal s can be quuthewﬁswhansammntrolledkyaconﬁswaenquogrmwt@@nm
ei ther left unusepripgiptér separatémﬁgﬁjsl bility or the CFGs are used sinply

to interconnect wres fnstead of perform ng certain |ogic functions.
This can result in HQE&?] ¥ 1999 :mgt R e
utilization. The éﬁ]er na |€2 provi dn%mgﬁl Qyﬁf%&rtée&s)gﬂr&%‘gés
whi ch can i ncreasdhe sﬂil@m of GFGy in a““11'1'a}’§b‘9$|\/16\RY OF

THE | NVENTI ON mcreased provxdmg for more complex logic funchons It follows that
the number of interconnection resources also has increased.
Competing with the increased number of CFGs and interconnecting
resources is the need to keep the chip as small as possible. One way to
minimize the amount of real estate on the chip required is to
minimize the routing resources while maintaining a certain level of
interconnectivity. 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.
As a consequence, most CFGs are either left unused due to
inaccessibility or the CFGs are used simply to interconnect wires
instead of performing certain logic functions. This can result in
unnecessarily long routing delays and low logic utilization. The
alternative is to provide more routing resources which can increase
the chip die size dramatically.

Y OF THE (8)

An improved field programmable gate array (FPGA) is
provided which includes tab network connectors for interfacing
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of logic cells with |ower |evels of interconnect and for e??iﬁﬁé%%ﬂging
| oner | evels JYOPM#®FLonnect with hi gher | evel s of I nt ln
one enbodi nent, the connector is used to interface a group of
efenents or configurable function generators (CFGs), i ncl udi ng

storage elenents, to certain levels of a hierarchical routing
network. Each group or cluster of a logic blpck is fornmed of nultiple
CFGs programmably coupled to a set of bidirectional input/output

lines. In the present..e di i vat i . er chijgcture
is utilized which 5&&%@#&?@53&%@%@3&/&%%%@ "é‘ug%ﬁ}ﬁ nt
increase in |ogic Wtterfacing lower layels ofcatersannedt with higherievels of i s
coup}‘ eg :0 Eﬂe gpgﬁﬂéktéime&{"inmﬁii%ﬁin%éﬁiﬁ! ﬂ@&?fx}ﬂe@t@ﬂﬁ@ﬁ&é&tdﬁﬁeﬂ&é@a o
coupled to the bidirectipnal ipput/output,,ine throu rogr anmabl e
switch. The connecg’iﬂ“}"l%g&f’%{lﬁo%r %ﬁn?’@%g%]f}ﬁlw erafors (ngf?gect or and
bi di rectional i npuinctudipgtstétage eleinents, o] certain lesieleef a hierarchivad goutingy,
signal routings Ocﬁéﬁv&ﬂmﬁﬁ&kgﬁﬁﬂﬁxs@r%@ogﬁfﬁohﬁiéﬁﬁmed of mitliplé art
val uabl e routing Igg&g whi ch |n£e con %\/%o hi ?&ﬁﬁ | evel.s_of t he
routing hierarchy RIQETRMIH er@“?ﬁ%f get b Rridirectipral nput/ optpat, ¢
i nvention, a signalinés.oln the presenbembadignentban iinasative dustercarchitecture  an
adj acent | ogic bl Oﬁ“uﬂﬁ% i xldvmémwg:aﬁﬂ witholif 8 istghfifitdriies
This frees tdp the yal uabl.e.routin llneifnﬁ Q,.perft 1?r'agnl onger noln- .
adj acent bl ock r oURCHERSe B Jagic plsmienss.. The bidifectional Input/Quipyt Ing,is
adj acent routing ceoupled dpthercomubctotn Tredearineator ineluges icoanector tab line
advantage is the midgy &'tSQh@Bi&ifé&ﬁKﬁ&%l?%&' 1&@&&?&@1@&“ ngs as
each bidirectional i éut/o%ut ,I%n s Select \{ﬁé CO%E' ed t.hrou
two bl ock connect oPTOEERTRARIE FYitch-o ThE SORPRELPR Rhhline I RS coupled to the
Al'so coupl ed to theoririedtarextd bidiectional tihput/fratput line bf an adjacenpblock! i ty of
bidirectional swt ,egﬁf,tsigﬁﬁ rel1ff 't%tiv@expﬁﬁﬁbéntablocks aftd R dhe
originating fromthe bidl eic @gnal i qut/%,pcgt. |1 ne to Coﬁfg&él‘ i t°? one
or more of a pl ur aPTIPY bk ValugReJogHNg lines dptereRpnesh i r loyels
first progranmmabl etheriontingsridrascgomwdrenset. afmtlis impiraved FPGA of the

present invention, a signal from a logic block can be directly routed to

an adjacent logic block without utilizing the network of routing lines.

This frees up the valuable routing lines to perform longer, non-

adjacent block routings, and therefore the space required for non

adjacent routing can be optimized. An additional, significant

advantage is the minimizing of blockage caused by signal routings as

each bidirectional input/output line is selectively coupled through

two block connector tab networks to the routing hierarchy.

Also coupled to the bidirectional input/output line is a
plurality of bidirectional switches that are programmable to permit a
signal originating from the bidirectional input/output line to couple
to one or more of a plurality of levels of hierarchical routing lines. A
first programmable driver and second programmable driver are
programmably coupled between the bidirectional input/output line
and the plurality of switches. The first driver drives the signal
received from the logic cells via the bidirectional input/output line



programmabl y coupl ed between the bidirectional input/output |ine and
the plurality of switches. The first driver drives the signal recei ved
fromthe logic cells via the bidirectional input/output |ine WO

96/ 35262 OYgﬁé??{%g?§£05982
4 out W&’Gﬁ%"%r nore routing lines of the hierarchy li nes

t hrough determ ned programabl e switches. The second driver takes a
stgnal received froma routing line of the hierarchy of routing |lines

t hrough a programmable switch to the bidirectional input/output i ne.
Thus, a flexible, programmable connector isy prow ded. Furt her nore,
the connector can be programred to provide a "fan out" capability in

whi ch the connectqr es nu. wi t.houyt i ncurring
si gni fi cant addi tPBﬁg éf@ﬁﬂorégﬁgénﬁﬁfa\eﬁ%?ﬁ%é?&éﬂchy "?fsm A %ple tab

connect or net wor k éhrough determined programmable rame seeensd daiver dakesct or
Ret \r’]VO" kl Canl al Sot E%l rewfrgmr@%@hﬁg lioeeIf th@‘ﬁiﬂrafcﬁ}*tdf%uhhgqmda .

i gher level rou | L 5j n order to
nmeet the needs foth%?lgbl% rozgramma 3{@193{33% @ P%nn?el oaPH g°‘ftPH§s wi t hout
requiring all sighliae. élhuseaﬂexlble, mmhumyctbalwml ve a signal
D1 ovi ded ¢ hat Span ) o g s courlcor con, *@hﬁﬁ”?ﬁ Rypididap @ fan | 1os are
routing hierarchy® g ﬁ’grmr"ﬁ*“%% mylfip Wﬂ&g”?ﬁ’o li ne
to programmably cwithestt mauhnglsagmﬁcant admnongrsigmd deddy hndeovitbowtne of a

plurality of highggin ﬁhﬁﬁl@%ﬁ RenndcB&Snetworks. The connector incl udes
programuabl® bidirectional” drivers to drive t he signal along the

| onger hi gher level r m&hkﬁl &ﬁﬁo?{m&xﬂe O&tbl nector HE*,TVZ& r aqyalsol?g

These connect or netwo S ena exl b rou ng SC

i mpl ement ed i n whised tm&outsmlpmg-rllemgoatmsm toea, bighgy tevel W'éf@@g hne. into
sets. For exanpl eThiyie pagticilarly desibdble s iobder ﬂamaetfmésiee&safaﬂin

cl emonts or CFGe ?’%ﬁsf‘#oﬁ%ﬂgére8@?‘%‘3@&3@*‘%@@3@@%ﬂset e,

second set of | ogbe sufficientlyslarge ordiive p gigned along e ﬁ@nemhgombmoin

networks for the pafiidarsedutiig fabglibeshrprovidad tHat Gpan istnces! y, the
equivalent to a third level of the routing hierarchy. A tab network is
coupled to each routing tab line to programmably connect each block
through the tab line to one of a plurality of higher level routing lines.
The connector includes programmable bidirectional drivers to drive
the signal along the longer higher level routing lines of the routing
hierarchy.

These connector networks enable a flexible routing scheme to
be implemented in which the routing lines at each level are divided
into sets. For example, one set can be accessible by a first set of logic
elements or CFGs and a second set accessible by a second set of logic
elements or CFGs. The first set of routing lines are accessible to the
second set of logic elements or CFGs via the corresponding connector
networks for the second set of logic elements or CFGs. Similarly, the
second set of logic elements or CFGs can access the first set of routing
lines via the connector networks for the first set of logic elements or
CFGs. It follows that the first set of CFGs and second set of CFGs can



second set of logic elements or CFGs can access the first set of routing
lines via the connector networks for the first set of |ogic elenents or
CFGs. It follows that the first set of CFGs and second set of CFGs can
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both sets of routing lines thereby mnimzing the |ikelihood of .
routi ng bl ockage of the signal. Furthernore, a turn matrix is
preferably included to cause the signal | ocated on one routing line to
transfer to a routing line in a differest orientation. For exanple, a
turn elenent” of a turn matrix enabl es the signal to transfer between a

jep)

hori zontal and vert] oLt i ng. | 40 rn.at.rices r. ire,a
significant amount %C?g_%&aocﬂe‘se{s &%on%ﬁge i@?’eﬁ’ﬁé“& ’%’c ot?‘er* f’?@ °t€an be
utilized to provi derouting bloglageiofthe gignabct i vity, especially for the npst
commonl y occurred two segnents di agonal connect while mnimzes the

real ,estate for t ufurthermoresa turn matrix is preferabldncladed Gbaausefhsor ks
enabl e the device 418cd NG rdifinkl | . s .Up to
hal f the nunber of signal taﬂdrtéla)gﬁerrenﬁs ggelﬁ{é {ldr#%édt%wt%?égt\l}ggs%gc%a‘on t he

chi p. | Giffgremt Origntation. sForexampleya tuiy elementiof moturRymatsisi st i ng
of the mul ti plenableeche signal coltiangfer ibetweerca hosizbntal ball veetivadr ks and

Wilized i ancRapBlr: s WACKALINS e RlOC E SpthBy eRBlnf Pt T |
ef ficient wherf B, theonngctor aebworks san he whilizad to pmvide f | oor pl an
is a ) scal a]E)I e dﬁfﬁﬁ&ﬁmﬁ&ﬁ%&ﬂe&aﬂbifﬁhﬂwﬁbsbb@ﬁh&??ﬁﬁ@ﬁﬁédteagl o
The ' adj acent R eeeiaty AUl oofndd v BRTS: fheten] ghald BR° 21 01O
bi di recti onal Har Mateges, uin pasticylary Hhe eonaegtor mgbworks enable the defdems
for ealc h bl ?ﬁ k . Omtodnqalanbnﬂpeﬁiab Rliyn mmxalm dilieg¢ihi nqsls% Exhﬁﬁgx?agxﬁgﬁeglt%fgk
f:)cl)ﬁlnggt O_PO[ ab’ net wotp% eleme.rﬁggir'e g@’?é%%%@ tgls%‘g{%#g?é‘ ggépr I ther in
oL Tt et o T o T BB SR S e R
addition, this multipde devebs of snatiiglines, ichanectoX tad hetodrtksand thed bl ock
grouping to be matrices, permits an innovative, space saving floor plan to be utilized
' in an infegrated circuit implementation, and is particularly efficient

when SRAM is used as the configuration bits. This floor plan is a

scalable block architecture in which each block connector tab networks

of a 2 x 2 block grouping is arranged as a mirror image along the

adjacent axis relative to each other. Furthermore, the bidirectional

input/output lines provided as the input/output means for each block

are oriented only in two directions (instead of the typical north, south,

east and west directions) such that the block connector tab networks

for adjacent blocks face each other in orientation. This orientation

and arrangement permits blocks to share routing resources. This

reduces the routing segments requirement. In addition, this

arrangement enables either a 2x2 block or a 4x4 block grouping to be

. scalable,

The innovative floor plan also makes efficient use of die space
with little Jayout dead space as the floor plan provides for a plurality
of contiguous memory and passgate arrays (which provide the



scal abl e. The innovative floor plan also makes efficient use of

di e space with little | ayout dead space as the floor plan provides for
a plurality of contiguous nenory and passgate arrays (which provide
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functionality of the bidirectional switches) with small regions of logic
for CFGs and drivers of the block connector tab networks. Therefore,
the gaps typically incurred due to a m xture of nmenory and |logic are
avoided. Intra-cluster routing lines and bigirectional routing |ines
are interm xed and overl ayed on different |layers of the chip together

Fout %W[%eininﬁ%ﬁﬁ@%{%@ﬁbﬁe‘%\%@%@%ﬁ%ﬂ?ﬁ i i

DESCRI PI | ON OF TH mm@g drivers of the blogiy gonpgcten tabinetwvarkss Tlmdore,

advant ages of the tie gasdypi u&medduewﬁalﬁwereamm&yaﬁa%gﬁ%re

i agram of 5 LF%vsf%éF 'al?a%é‘é@gs“ e lipes and bi-gizectiofgid8hfing fiee? © O
present |nvent|onam1 mmmh}’e‘ion dlfferentlﬁ?ﬂ;‘ﬁloétmchlplmeMes one
enbodi ment of a | o ncém&tyedn assgate arrays to Fpravide edhnlebiont iofhigheP e
Eoores A and EE?%?)“ g ﬁ@%ﬁ%@g%@%&%’%%‘h?&““ﬁﬁr Block. o1y cal

bl ock connectors. F| qur e 4A i| I ustrates the connecti on between
bl ock connectors (3 £ I AVWHNNGWr ks which interface with

hi gher | evet r out 1rhe db e&ﬁSfeainésh andmavhﬁﬂzgés ®f 3h€ PYesent invention

Figure 4B shows emaiﬁ(pﬂgﬁt £ Bl Bh8GKng agaﬁga%es&%)hon in which:

Figure 1 is a block diagram of a field programmable gate array
logic upon which the present invention may be practiced.

Figure 2A illustrates one embodiment of a logic cluster.

Figure 2B illustrates one embodiment of local interconnect
between logic clusters.

Figﬁres 3A and 3B depict an example of a logic cluster with
vertical block connectors.

Figure 4A illustrates the connection between block connectors
and block connector tab networks which interface with higher level
routing lines of the routing hierarchy.

Figure 4B shows exemplary horizontal block connector tab
networks that programmably connect to vertical lines of multiple
levels of the routing hierarchy.

Figure 4c shows exempléry vertical block connector tab
networks that programmably connect to horizontal lines of multiple
levels of the routing hierarchy.



net wor ks that programmably connect to vertical lines of nmultiple

| evel s of the routing hierarchy. Fi gure 4c shows exenpl ary
vertical block connector tab net wor ks that progranmably connect to
heri zontal lines of multiple | evel s of the routing hierarchy.
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Frgure 5 is a sinplified diagramillustrating a 2x2 | ogic bl ock and

t he bl ock connector tab networks that provide the interface to higher
| evel s of the routing hierarchy in conjunctison with the turn matrices.
Figure 6A and Figure 6B illustrate an alternate enbodinent in whi ch

t he bl ock connector tah,netwyrks ar c ect ed bset royting
lines of nultiple I eveltgl MF%P# ékagram ustra%nga%c?g{?’g&bleﬁk *B%and
7C respectivel y arthedlockpbinricctd thb networks thatiprayidenthe finterfacel korbigherof a
horizontal and Verlb’v&ﬁ'of'\ﬁaéxhuhﬁ merarcﬂye juhlioR Wit e hﬁﬁ%aﬁécekout' ng

lineg, and partial turn network s second and third levels of

routing lines. I|f| Jlu tratln
a | ay_og_t floor plan FIMFA%%@%%?Q% E{?er%af%gﬁg‘%# )
sinmplified | ayout Whigly thelbleclkotonnegiop tatpyetvenks axe connectesirmagubsets of

Figure 9 ill ust ratm@%ﬁf@w 0 ot ﬁq&ﬁw&mﬁﬁ%q{ﬁesand passgat e
array. DETAI LED "DESCRI PTI n i nnovat ive connect or tab

net wor k, i nterconnect Fi QPQ‘
programrabl e logic_ci rculg%lres @%ﬁﬁi%% nga%% n#gg% a e arrays
(FPGAs) is descri bdiagrams ofiembodiments of a horizontal an ve rtical
network for a first level of routing lines, and partial turn networks for
second and third levels of routing lines.

Figure 8A is a simplified diagram illustrating a layout floor plan
for a logic block.

Figure 8B is a simplified layout floor plan of a 2x2 logic block
array.

Figure 9 illustrates an example of contiguous memory and
passgate array.

D ED D O

An innovative connector tab network, interconnect
architecture and layout floor plan for programmable logic circuits such
as field programmable gate arrays (FPGAs) is described. In the
following description for purposes of explanation numerous specific
details are set forth, such as combinatorial logic cell or configurable
function generator (CFG) configurations, number of CFGs, etc., in
order to provide a thorough understanding of the present invention.
It will be obvious, however, to one skilled in the art that the present
invention may be practiced without these specific details. In other
instances, well-known structures and devices are shown in block
diagram form in order to avoid unnecessarily obscuring the present
invention. It should also be noted that the present invention



foll ow ng description for purposes of explanation nunerous specific
details are set forth, such as conbinatorial logic cell or configurable
function generator (CFG configurations, nunber of CFGs, etc., in

order to provide a thorough understanding of the present invention.

It will be obWWO¥3526Hever, to one skilled in the art that ﬁﬁg

I nvention may be practiced mﬁthout these specific details. |In other

i nst ances, wel | -known structures and devices are shown in bl ock
diagramformin order to avoid unnecessarily obscuring the present

i nvention. It should also be noted that thegpresent invention WO
96/ 35262
PCT/ US96/ 05982 descrl bes

an embodi ment  whi GHESGHPES g1 embodiment, which ntilizes statig rapdom accesfm
control the state (SRAMMYto canttrad the state of bidiredionalswitches unlimdever the

present invention H%%ﬁ&et ‘ﬁﬁ{ré{ﬂoxp 4iNS 48 AOFariety ﬁ‘ ng but
not limted to, cr

fuse/ anti f use, eré? %55 ﬁﬁé’b‘?‘%}?‘é’ yﬁéﬁﬁ?wd

electrically er asa(leAM)o{yseimﬂifu& reeealbmpgogreumgble read-(nﬂERR&vyorynd
ferroelectric proqepReRM z,h]@%gﬁﬁﬁgﬂégé -only ndbhdet Wor ks
utilized in the rw rch ?‘élnt rface omts@aq%i\E &g

bi di rectional dri % &grpestar
arrays where judi dabuetwbelsi utglzad inutbh rduting lfmeraszl‘lyrastmtmface points and

Figure 1 is a bl ocly yilif@éddhal hhg r@,;ﬁgg @@@H LiSWnki '
whi ch the present cdlgnventh ractl gg i @?r%&gx@ﬁaskedg#gé)l ses
|/ O logic blocks R¥YEOY! erfﬂ igng |sl:‘ﬁhﬂf’3ﬂ interface
bet ween external pins of the package of the FPGA and I nternal user

| ogi c, either direct|y Hgurekisugblock didgram illystalivnokan exemplary (FRGA or e
interface blocks n Which thé e@?@xﬁé&m?hﬁayw a&'&af afife array 1000CksS
L OV

104, 105, 113, and 1 IP ?ér* Eﬁy@&squbﬁ%v\fﬁn }g‘gﬁlpﬁgm&@gatnﬂello

| ogi ¢ bl ocks 102,
| ogi ¢ and i nterconntﬁt;‘facﬁlmmﬁemal pimmfuhemckﬁg@qfémm andb net works

described berein ijfitedfgonsaIogc, either Wirebtl B?t&:%%‘gh'tﬁély@flo i leukatent

i nvention. As wll_ be des % e t Ly, I nhovatl ve
I nt erconnect hi eraF‘Eﬁﬁr"c‘é‘fﬁe’E’e‘e qqklegg,ufl% i%e elﬂé'r %ﬁf%m? aﬁ an t hat
enabl es a si gni fi didaeksskd; HPs 16h andd 14iprevide decouplmg between the core 106

and I/0O logic blocks 102, 103, 111, and 112.

Core 106 includes the logic and interconnect hierarchy
including the connector tab networks described herein in accordance
with the teachings of the present invention. As will be described
subsequently, this innovative interconnect hierarchy can be utilized to
generate a floor plan that enables a significant savings on die size.
Thus, as the interconnect density increases, the die size increases at a
significantly slower rate. The core incdudes programming for the
CFGs as well as control logic. In the embodiment described herein,
SRAM technology is utilized. However, fuse or antifuse,

EEPROM /ferroelectric or similar technology may be used. A separate
clock/reset logic 110 is used to provide clock and resets lines on a
group basis in order to minimize skewing.

The present embodiment provides CFGs in groups called
clusters. Figure 2A is an example of a logic cluster. It is contemplated



Thus, as the interconnect density increases, the die size increases at a
significantly slower rate. The core includes programm ng for the CPGs
as well as control logic. In the enbodi ment described herein, SRAM
technology is utilized. However, fuse or antifuse,

EEPROM f er r 0@ P¥R6%) sinilar technol ogy may. be used. A sepHriyi6/0s9s2
clock/reset logic 110 is used to provide clock and resets lines on a

group basis in order to mnimze skew ng. The present

enbodi ment provides CFGs in groups called clusters. Figure 2A is an
exanple of a logic cluster. It is contenpl atged WO 96/ 35262

PCT/ US96/ 05982 t hat the
|l ogic cluster ill e

cluster can be fo?ﬁ?éﬁ?‘b"fﬁél‘?vf&ﬁ%?@ﬁl?ﬁ?@l%#ﬁ@ %& %gv%%ﬁ&#?%
flops. Referring tdumgmbeiorm rzcemméﬁsmmas dogio gated anid flipur

el enents. These el Refeflil 5 F gaeeau BEU ogfGu2iaR 200 WOGHREADF four | NPUL

CFGs, 204, 206 and D CEG SO I nput

CFG ' The CFGs 202,% 1%38%0@9%;? Waﬁﬁf*é’“&?rﬁ&l’ ?’J‘?‘Fé&fw o thrg8i ¢ ¢ hat
provi de a predetermlpm&:FGﬂMZQGaﬂ@Dtﬁkpﬁ@ptw iGHC 202 can alsebeathfdeor CFG
sggérg%gr\?\netlhne% ut t ﬁl@l de (C)Zﬁz u 26é)r@e‘?'sen o B,?{ago%aelm red
| ogi ¢ function. ?}8 ?’I? P‘?‘f‘ Q&%ﬁ@%’fﬁg“tﬁn% ci/usxpgrﬁy PRt St or age
el ement such as a vaiges(ferCFG202)0rthreemp’nﬁzaluem(fon€f'ﬁsr206,f2(lﬁmemm |nput
one out put CFG t\(ggpggraggpm aﬁﬂ@d‘%&ﬂ%&%tﬁ@ﬁ‘é&ﬁﬁuﬁr@r&

enabl e a variety ar | e per orned
For exanple, the eqeqra%xgecﬁfégmfunch% ﬁgﬁg

?ébg%?mnhﬁﬁch functi ons
as conpar at or f unctemgprrary storage elemmemtisuwhars & registewns. |t shoul d be noted
that this conbination of el ements provides a fine granularity w thout

the addition of reﬂu@@mnatmmﬁdwsm oh€ culPutiCRGS w6 thfke speed
isage o " ol cdoRpd Ch SR %“%@??ﬂeﬁﬁaﬁ”w e%%?e?x%éigés e e
granul arity char aoamhmﬁccfmggns tnhbe perfapmedo Fop exampletthe elementacane
tapped is a desir ahd programinédtd §btf6rm%u@ﬁtfaﬁcti&1wldhtwmpdh&$ﬁuabﬂaﬁé or

accumulator functions. It should be noted that this combination of

elements provides a fine granularity without the addition of

redundant elements which add to the die size and speed of processing.

Furthermore, the combination of elements also maximizes usage of

elements thereby maximizing usage of die size space. The fine

granularity characteristic resulting in more output points that can be

tapped is a desirable characteristic as often an intermediate signal

generated by a particular combination of elements is needed.

In addition, the local interconnect within the cluster is
structured to enable signals to be processed with minimum delays.
The cluster elements, 202, 204, 206, 208, are connected through
interconnection lines I-M0 through I-M5 (referred to herein
collectively as I-Matrix lines) which are oriented horizontally and
vertically through the logic cluster. These intraconnections of a
cluster are programmable through switches, for example switches 220-
244. Intraconnections lines I-MO to I-M5 and switches 220-244 form
what is referred to herein as the I-Matrix. The I-Matrix provides



generated by a particular conbination of elenents is needed.

In addition, the local interconnect wwthin the duster is structured to
enabl e signals to be processed with m ni nrum del ays. The cl uster

el enents, 202, 204, 206, 208, are connected through i nt erconnection
lines |-M thvwWee#ss262\b (referred to herein .  collectivel PCEUSIONR2, | x

| ines) which are oriented horizontally and vertically through the

|l ogic cluster. These intraconnections of a cluster are programuabl e

t hrough switches, for exanple sw tches 220- 244. | ntraconnections
lines I1-M) to I-Mb and swi tches 220-244 for what is referred to
herein as the I-Matrix. The |-MatriXx provi&gg WO 96/ 35262

PCT/ US96/ 05982 - 1
connectabi | ity anSAERedrbilityamong the clemenis 202,304, 206, 208 *é’tatlcié%ﬁpn&ne
ot her el enent of lerdlemerrof therclwstenrfor, emt@le)uhpmtptﬁt M\heGHEG 202

can be connected %&,w%{\%mm@&%ﬁéﬁéﬁc%&?&fﬂ%ﬁ

228. Q I nsure mninum s del ay ren proce55| ng,
Separ at e, 28t connections are provi ded between the D flip flop 208
and the three I nput CFGs 204, 206. Continuing reference to Figure 2A

swi t ches 250-255 and c'&‘nmn'ednimnmsnpigml delays duringrprecessimg,. separdte,s
been det erm ned tmtecéaﬁuiemﬂsﬁ@ r8vided bebiveésd thd DD A 26%5'5&3% 204,

206 often performprogqra i ns |n CQ untlonvvl
regi ster 208. For g’bﬁ’ {iﬁ‘fggg WN\A th
the register to pswwhchs 25092% dnd cm:tetctqnl hxesrgoindu:&uohmonnecnons It hasThe
bi directional swi t’e?:%u?e‘?ﬁ&%%%%xﬂt‘%ﬂ{da&%ﬁté f Y ﬂﬁwﬂ%put CRGs\\ays to
route the signal 5540,,;}2@ eve Ef’”? Cl unc n&‘ a signal
out put by CFG 204 2Bkt GHED BRARTER BIPBEIBBECFREHERR Inepymetion with fhes;
Alternately, the segslai' Zﬂﬂachbreex#mpierthethmem;mtIC]'@s carxbbwntilized wittabl i ng
switch 250. Siml d)ﬁcﬂﬁa e A orfe it 206 HpRR tbRe i nput of
the Dflip-flop Zg% ﬁeflenaﬁ ng sSw toch 255 &her %I %g pat hs by
selectively enabling sytches are als rt her nore
out put of -the CFG 202 % By Tereo s‘]ﬂw&??‘%%gﬁmkggpﬁ S’QH"F‘HGPT‘&R‘**Y
. of ways to route the signal to achieve a specific funcnon For example,

a signal output by CFG 204 can drive D flip-flop 208 by enabling switch

251. Alternately, the signal may be driven onto the I-Matrix by

enabling switch 250. Similarly, the output of CFG 206 can drive the

input of the D flip-flop 208 by enabling switch 255. Other routing

paths by selectively enabling switches are also possible. Furthermore,

the output of the CFG 202 can drive the D flip -flop 208 by an indirect

connection through the I-Matrix. Thus, extreme flexibility is

achieved.

The routing of the output signal of the D flip-flop is also
programmable through switches 252 and 253. By selectively enabling
switches 252 or 253 and selective switches of the I-Matrix, the output
signal can be routed to any one of the elements of the cluster or of
other clusters. The signal output is selectively routed through the
switches 233-235 adjacent to the CFG 204 or to switches 241, 242 and 243
adjacent to CFG 206. Die savings are achieved without decreasing the
level of usage of elements in the device.



connection through the I-Matrix. Thus, extreme flexibility is

achi eved. The routing of the output signal of the Dflip-flop
is al so programuabl e t hrough switches 252 and 253. By sel ectively
enabl i ng swi tches 252 or 253 and selective switches of the |I-Mtri X,

t he out put WO96/3268 can be routed to any one of the el emenkGI/B6PIE2
cluster or of other clusters. The signal output is selectively routed
t hrough t he swi tches 233-235 adjacent to the CFG 204 or to swtches
241, 242 and 243 adj acent to CFG 206. Di e savings are achieved w thout
decreasing the | evel of usage of el erreqt‘s I n the device. WO
96/ 35262 PCT/ US96/ 05982

Each logic cluster is connectable to the other logic clusters inside

the | ogic bl ock throughBash logicduster i enmngciakle to therather legicelusters inside
lnel thlc)r:vgg cl Fsbgﬂﬁ?floﬁicgblb@kiﬁrdd ghUsiritéies extending thfeI-ﬁta@ﬂﬁfb@fWé‘éﬂ Ond
ines |- to Q f.i IS ogi se e nected to
the |-Matrix li nesnS'lg éﬁf ?‘E{gl coC %ﬁé’rlusq%é kgga% 'B’éfﬁ Vel y
through switches 28nes P @vﬁmiognsl@m%Oselechvelyconnamedw
f 1 exibili L ydher elt nﬂiteﬁmwﬁqtnwopaa;ata{tlwgaﬁus@éﬁ%t fa&ng%b i‘é%?ecnlvely
nuner ous bidirecti Wi SO ed previously
that the swtches 5@ Y"r‘r%?‘% ﬁfg&a*@awz?@ﬁd%z For exanpl e,
the switches can be i rrpl enented as fusible |inks which are pr oa;ém*red

by blowing the fuse to Shefexibilityhareindescriped ¢ partially aghievied theo
switch is a passgahaneomis bidifdtibyalaswitdhesusad. RNk also notadrlﬁmoiﬂg state

ot b oA B S i G B

pref erabl e becauseths W en(tquas fus{be h’@bﬁféqw red is
S|g{1|f|cantl¥/ DT € prdg gymt hu{ orshgmﬂ%ng@hthe d|e si ze
is to use a fewer er che rOVIg | rcon

bet ween i ndi vi dual 1& V\% §st?‘|§ 5&? trolled by r| bed

bel ow. This is ref mydmswe@fﬂu%bn@mmeaamydmtatewm@ structure. For
exanpl e, in Figurecghespiindehie passgites e open or diosede Kltholgdh eedSRAMD to the

I nputs of CFG 202. ﬁle%éxlta&gn e 3k ?;?&erable because of programming ease, the
die space required is significantly more. Therefore, one technique to
minimize the die size is to use a fewer number of switches to provide
interconnection between individual routing lines of the routing
hierarchy described below. This is referred to herein as partial
coverage structure. For example, in Figure 2A switches 221, 220
connect I-M0 and I-M5 to the inputs of CFG 202. As will be described
below with respect to the present embodiment, partial turn matrices
are used to eliminate up to 50% of the switches typically used in a turn
matrix.

To allow an efficient implementation of a carry chain as well as
other applications, staggered or barrel connections between clusters is
used to increased connectivity. Figure 2B illustrates the extensions of
the I-Matrix within a logic cluster to neighboring clusters. For
example, switch 275 connects I-M5 of cluster 260 to I-M0 of cluster 261
and switch 276 connects I-M1 of cluster 260 to I-M2 of cluster 261.

A plurality of interconnected logic clusters form a logic block. In
the present embodiment each logic block consists of four logic clusters



bel ow with respect to the present enbodi nent, partial turn matrices
are used to elimnate up to 50% of the switches typically used in a turn

mat ri x. To allow an efficient inplenmentation of a carry chain
as well as ot her applications, staggered or barrel connections

bet ween cl ust WO96/38262 used to increased connectivi ty. FiBGHES9SE5982

i llustrates the extensions of the I-Matrix within a logic cluster to
nei ghbori ng clusters. For exanple, switch 275 connects |-M of
cluster 260 to I-M of .cluster 261 and switch 276 connects |-ML of
cluster 260 to I-M2 of cluster 261. : 1 A plurality of

I nterconnected logic clusters forma logic %I ock. In t he present
enbodi ment each | ogi c_block consists of four ic clusters W
96/ 35262 organized in a 2x2 array. Each logxcblock%asaset of bidirectignalsos/ 05982
éZd or g?m z efbritingaliResXoaviiay allKaP@s hnjde the logic dasters aret  of

i di rectiona

clusters are pr%%m%e%e?e\é\?hg%%é %gfrd‘ﬂﬁggﬁ“wr‘%}aaﬁgh?u nes
provi de the or signelsdtadrayel intorangdeout oft Slackgp thegoutingc bl ock

to the routing lined bN&hi@hrchidal e6Rting Ia?(ﬁhtetﬁitblm: F Al plel leh@thayf Ng

erarchy. 10 Einﬁﬁﬁgsnﬁﬁﬁﬁaféﬁ%ﬁ%%ﬁ?af%& PRt e S

provi de connect i ofgenciighthe block popneciats con alspeprayide comestions agionghe same
bl ock and adj acenthett RGK8f the lo cﬂﬁmwﬂthbeamabwck&&ﬂ démbnfckeach

| t of h | |
o oment of each | Ry U5 B spd qugphit 8t con@s%ﬂfﬁf%% 8505 S o
size it is preferthedogichlodaem ‘PWCWSB’ connecteg: tg pach blogk| connpgterto
connected to a sugsitiolGhe kkpaisictoon eié Size it x@rpreferredeﬁﬁﬂ'éi@ uRaed an

enbodi nent is sho to ure 3B, a
synbolic represen%uéﬁf%ﬁggéﬁg@ Conne%%o%%‘fﬁ%ﬁ g‘BPﬂ%E‘%’?on"g“to bl ock
connectors wit hi nexanpplesi such an 2owbadimend isshaw in Eigmer-ﬁi of each duster
200, e.g., CFGE, CF&X and CF& is connected to two identified block

connectors (BC) at t heReferrmg o Eigare 3Bpa bmbislic sepresdmattornofonelent i fi ed as
Coupl €0 10 T OUl A timent dfind NEnBBHAAPHY bISRCLOARER G i 2BloBONoCt O

are coupled to the
300 is shown. Each element of each cluster 200, e.g., CFG1, CFG2 and
CFG3 is connected to two identified block connectors (BC) at the
inputs. Two block connectors are identified as coupled to the output
of the two input CFG1 and three block connectors are coupled to the
output of the three input CFGs (CFG2, CFG3). The specific block
connectors coupled to each elements are distributed among the

elements of the block to maximize connectivity.

The block connectors provide the input and output mechanism
for interconnecting to higher levels of connections of the routing
hierarchy referred to as the multiple level architecture (MLA) routing
network. The network consists of multiple levels of routing lines
(e.g., MLA-1, MLA-2, MLA-3, etc.) organized in a hierarchy wherein
the higher level routing lines are a multiple longer than the lower
level routing lines. For example, MLA-2 routing lines are twice as
long as MLA-1 routing lines and MLA-3 routing lines are twice as long
as MLA-2 routing lines.



output of the three input CFG (CR&, CFG3). The specific block

connectors coupled to each elenents are distributed anong the el enent s
of the block to nmaxim ze connectivity. The bl ock connectors
provi de the input and out put nmechani sm for interconnecting to higher

| evel s of conngﬂﬁﬂﬁﬁgﬂof the routing hi erarchy referred RETHS/05882
multiple | evel architecture (M.A) routing networ k. The network
consists of nultiple levels of routing |lines (e.g., MA-1, MA-2,
M_.A-3, etc.) organized in a hierarchy wherein t he hi gher |evel routing
lines are a nultiple |onger than the | ower 13 | evel routing lines. For
exanple, MA-2 routing lines are twice as long as MLA-1 routing lines

and MLA-3 routing lines are tw ce ? | ong as MLA-2 routing |ines.
WO 96/ 35262 An innovative block connector tab network is utilized to

PCT/ US96/ 05982 interface the block connectors (BC) to the MLA routi etwork and
An innovative bl oc @gﬁ%ﬂﬁﬁ r face t he
bl ock connectors (E&) EL rou |n£fng tl(lbgfcgﬂoa& r‘H‘ bl ock
connectors of adj adagure 4y kegonneptor tab gm mrexampta,gm U&As a bl ock
connector tab netwm&mwmm%&%hmuachmqq gach

embodi mont. of & hoﬁﬁg%ﬁgﬁf St obp Hoonil vlock; GoRlgn oR° connect

to vertical MA rometwerk which thdmmhﬁorﬁgmeﬂl ment of
a vertical block calluseites ohéenibdidivkelit of a veyfidal BiccRidR&kstol @l detwdsrk! al

M_.A routing |ines. N rlmeg [&Eﬁ' in Figure 4B, the
bl ock connect or Whlflé&m?e%s rtl%'lthv% ?‘Eﬁ@ ﬁslg&?%lgnogl c block includes a
plurality of progr bl e.switches 432-437. These bidirectional
swi t ches enabl e mg%%‘E‘PP&“ R shown & Figuge 4B the b ﬂ?ﬂf mﬁf:@ﬁe | ogi c
bl ock through BC (BC) tabmetv‘lﬁ& 401 oba lﬁmstllbgﬁdﬂadkmblmdﬂsh\@n atal4pbfare two
programabl e gﬁhﬁnéﬁ se
drivers 439, 440 ‘yr re co%t r o% é%ﬁgz.q,?% Hﬁf&t’ﬁagj%‘t'?%@ %@% en%ﬁl 442
however, it is read §3ecuve @b‘ﬁ'&‘ﬁé?ft“ﬁ‘l‘?&ﬁ t‘bﬁﬁd the logie blagk throughBC
pl ace of the two cdiner438. Also liodlﬁded\:hetlm netiwtrk 40t uee two pFogradiuindble 440 i's
active when the bl lariverd 3 M 460, 17 B Srelith dhBORRERY ndld $fiberssd; a40
driver 439 is actlve etrolf% 1S 1
the state of the two bits 441, 442; however, it is readily
apparent that one control bit can be used in place of the two control
- bits wherein the driver, e.g., driver 440 is active when the bit is in one
state and the second driver, e.g., driver 439 is active when the bit is in
the second state. In addition, it is readily apparent that BC tab
networks can also be implemented to perform the functionality
described herein using as single or multiple drivers in conjunction
with other elements.

\

The BC tab connector network provides a simple but efficient
way to route the signals to and from a logic block. Through
programmable switch 432, the signal to or from the block through BC
line 438 is programmably coupled to the BC tab network 402 of an
adjacent logic block. In the present illustration the signal routed over
BC line 438 through switch 432 can be routed to BC line 443 through
switch 454. The same signal that comes across line 415 from BC line

’ 438 through switch 432, can be selectively routed through driver 456
and to a selected MLA through one of the four switches 447-450. For



the second state. In addition, it is readily apparent that BC tab
networ ks can al so be inplenented to performthe functionality
descri bed herein using as single or nultiple drivers in conjunction

W th other elenents. The BC tab connector network provides a
si npl e but ef WO4658262 way to route the signals to and fr BOT/E596/§982

bl ock. Through programabl e switch 432, the signal to or fromthe

bl ock through BC line 438 is programmably coupled to the BC tab
network 402 of an adj acent logic block. I'n the present illustration

t he signal routed over BC Iine 438 through switch 432 can be routed to
BC I'i ne 443-through switch 454. The sdfe si gnal that cones across line
415 from BC | i ne 438 through switch 432, can _be selectively routed

t hrough driver 45@xample, ahmBﬁdagng@m&,&sm’&t@hﬂ%gnd&ﬁ%m the four

swi tches 447-450. jkiefconnected to WILAG, 2%4A73, which are labeled as 425, 426, and
PCT/ US96/ 05982 exanpl e,

the BC tab netvvorl%y Thus, i“s‘td‘?“’B“szfm“a‘%Q dlrect routmg m%g?%ﬂin%oct ed to
M.A-1, 2 and 3, mﬂmt ’@guabl@pleeﬂ the BG1ab ngaﬂoﬂﬁﬁrow es appaitermatespathn

addition to provi %ﬂﬁ)@:&%(i@iﬁnal M1 ﬁﬁ@ﬁ 'tﬁé"tdb%onnectoi‘@ﬂeﬁﬁ@ﬂéoﬁﬂw c
bl ocks, the BC tah ,net

V. . al. alternt a routlnga
signal to MAs t h %’5“‘{0%]% % CW% ﬂl@ﬁgcgprrgﬂce Ofbl %ﬁ‘ &nt | ogi c
bl ock. This ni ni ninaccessikle souting paths. dior iexawple; anmalternate patln 48bdsi bl e

routl Rg4ggt hsd Folpreviaed thr M&M&mamcnias tbSnterconntEEtCMbé?g th(r]I ough
243, Thus. tt CZK“csén%cié% #ﬁa@%% CHRE?fe S Helsepn tha SRS Aednfiny 10,
as efficiency in reutingps welh apefficienqyinrouting; eambe ad@gﬁed utilizipg these
net works. An addi B@fkﬁne’td)&kd agf ddditioral alvaage issx §Is eed; thischi tecture
S realizod even SRONERAES ERE g oea?%ﬁgw% g@saefore no SRRRE, Pra b
t he BC tab networ Bpeedh penaliy isorealized evérdthosghi rpndingfflaxibility lsmnhana?ébi lity
to connect to mul um%umm |thé‘B€ t%n%&béﬂ{&ntm@usedtowf&%xgﬂﬁﬁw tches,
Cypical Ty coal | zedoh pRBaiy fforinerthfof aﬁeiﬁﬁﬂnesbyseﬁ%?e%ﬁi”ih%zﬁfnem
such as illustrat eppmprﬁatgtamtcmes,@aam?’m& 4836, 437, without incurring signal

speed penaities typically realized in a fan out arrangement.

In one embodiment such as illustrated in Figure 5, each BC line
is programmably connected through a BC tab network to an adjacent
BC tab network and to the routing lines of the MLA network. This
provides extreme flexibility in routing. The MLA routing network in
the present embodiment is described having a plurality of levels of
routing lines with a programmable switch matrix selectively coupling
horizontal and vertical MLA lines to enhance connectivity. The level
1 MLA routing lines (MLA-1) provide interconnections between
several sets of block connectors. Programmable switches are used to
provide users with the capability of selecting the block connectors to be
connected. Thus, a first logic block from one set of logic block groups
is connectable to a second logic block belonging to the same group
wherein a logic block group is a set of logic blocks. The switches
within a logic block can, of course, be further programmed to route the
signal within the logic block. The level 2 MLA routing lines (MLA-2)
provide interconnections to various MLA-2 lines to affect access and



I's programmably connected through a BC tab network to an adj acent BC

tab network and to the routing lines of the MLA network. This provi des
extrene flexibility in routing. The M.LA routing network in t he present
enbodi ment i s described having a plurality of |evels of routing lines
with a progrardifas2ew tch matri x sel ectively coupling HRSAYUSS605882 and
vertical MLA lines to enhance connectivity. The |evel 1 MLA routing -
li nes (M.A-1) provide interconnections between several sets of block
connectors. Programmbl e switches are used to " provide users with the
capability of selecting the block connectors_to be connected. Thus, a
first logic-block fromone set of logic bl od%k gr oups IS connectable to
a second | ogic block belonging to the same group wherein a | ogi c bl ock

group is a set of ¢ongectionmokablorkeslusien which consisteof aidx4 anatvissiof bledksk can,

g}‘ C’Eur ? ﬁ Fe f :Jr tih&hﬁ&f:‘éﬁ{xﬁ"éﬁ’fbdiﬁzehﬁll\lfﬁiﬂ‘zch@s are providistito BhdHe thd bserlt ogi ¢
ock. e leve rout.ing, |ines - royide. i nterconnections

to various MA-2 |7 rﬂ?&?‘ﬂ?%ﬁf’rﬁ‘i&é@“&ﬁﬂg' The spgn\f%tg%}e‘ygggé&ﬂ!\

PCT/ US96/ 05982 lines is preferably a factor greater than the span of the M.A-2 lines.

connections of a %céscaﬁkﬁé}%mmtﬁhns&mwl SHBIPaofUn DI Ocks

I n the present emhodi {. Swtches are prdvided to enabl e“the user to
program t he desi FBM%&HEHW ons. The span of the level 2 MA lines is
preferably a factor greater than the span of the MLA-2 |ines. For
exanpl e, the MA-2 |ineAs eambpsedrsaddijonahicyels oM g rowtinglines can e A- 1
l'ine. irPleAtALRE t6 pEOvida Pbfiammbblecittrtothedofs 'fBH 1drger | | NeS

)

can be i npl enment tQ provide.pro Le ., it.erconnections tor |arger
numbers and groups. O g’&gﬂ’}fp %’i‘%‘é’gff %ﬁ%kﬁ’%%&% @f‘s*ﬁ{sq@%’cgé%%f%
(which is an 8x8 nixhirkisen Bxdmeassix oéblocksaets. inchiadslitional dewel spansna a
di stance a factor disRALEh faStef SraiterAsitt &d R nfulfiblelo? §Adatsr) thdifthet Ne
adj acent | ower | ev%. Thys, a rru&t g.l-hdl nensi Bn&%%zch for
i npl ementing routi a?%“B?WGT - & gﬁa?.?‘g o ABR S
i nt er connect i ons dimplemegtingiriouting isrmeadgdgrﬁgmalaaee réntad acnengst the
thr ougE .bl ogk CONN@gdrebindtlions BeaQﬁgiernmgmgaﬁks M@ﬁrtﬁ@éesﬁép ek
neNOr S a1 OUt RS0 ok RpbEs BB i nacor
networks and routed according to the programmed switches. The
block connector tab networks enable a programmable direct
connection to higher levels of MLA routing lines, for example, MLA-2
and MLA-3 routing lines. Alternately, higher levels of routing lines
of the hierarchy can be reached through the lower levels of the
hierarchy through programmable switches located between levels of
routing lines of the hierarchy.

Figures 6A and 6B disclose an alternate embodiment in which
each BC tab network is connected to a set of the routing lines of
multiple levels of routing lines. An adjacent BC tab network is
connected to another set. In the present invention the number of
lines in each set is the same as the number of MLA lines of a level
which is not divided into sets. The resultant effect is the doubling of
the number of routing lines and hence increased connectivity.
However, the sets can also include fewer or additional lines in order

" to achieve the desired level of connectivity.



connection to higher levels of MLA routing lines, for exanple, MA-2
and MLA-3 routing lines. Alternately, higher levels of routing |lines
of the hierarchy can be reached through the | ower |evels of the

hi erarchy through programmabl e switches | ocated between | evel s of

routing |i nesW96{382hi er ar chy. Fi gures 6A and BETYSOS¥Re an
al ternate enbodi nent in which each BC tab network is connected to a
set of the routing |ines of multiple levels of routing lines. An

adj acent BC tab network is - connected to another set. In the present

I nvention the nunber of lines in each,get is the same as the. nunber of
M.A lines of a |evel which is not divided into sets. The resultant
effect is the doubling of the nu r of utin | ines.and hence

i ncreased connect i vi t ySignals argpregrapma 151'9 b nefworksde or

addi tional |ines achieveléhe desxredtlevdcdflwnned:timt)demxrednh}ﬂe,elfigﬁi'e 6A

connectivity. . .
PCT/ US96/ 05982 illustra¥éd ﬁ'ﬁé&?@ﬁ&mntal BC tab networks 600, 605 BC network

Signal s are progr QWW%P‘&HYGCW%@@B@WQWr@tW%&?@ 615. achi eve
the desired | evel Sixhilaxdy, rthetadjucéxthGQab apmqrkeb05Ms progratiinably coninledtetir at es

bt anmably conniiepegcr st B VLA ‘?ggﬁzﬁfg‘ﬁ&ﬂ %P‘e' orlififdely |
t he adj acent BC tabﬁﬁ‘epﬁéﬁ% ,eawb%r%te@ﬁam ling/pf MELAR coupled ondy second

set of MA-2 | i nego B€Xab Inetwork 403pthe si?talwrhélxeutaurmnrm ltzﬂﬂnetworkon BC
line 627, is to b 9&?&%#9‘8 %I. tyjrs%az %(ﬁ%he‘ig’ﬁ %29 to BC

tab netvvork‘ 605, e Pout e 1rom 600 to

BC tab net wor k eognm F 63,0 fviteh 632 {0 ProgramuRablysoRRes teALA-2 lineyr | ver
630 and swi tch 63820.0Simibglys i@ bigakariginating frovh A-Blodk fuithected tof0 tab

Sinilarl f

netvork 605 i st ohpiorkodh REby fihued BEML A6, BROIBRASS roftelfvin B,
tab network 600 ttabowwomwe through smtobeﬁfi%éuversm@ 8Yitgh 636 to M.%@
635. The BC tab ne3swTke B@fa@fmmfwﬁc&m flRCtions \to Qﬁowaé iR@efsed

a1 50 onabl e the Ssé%%f% el sotniilly %ﬂé&ﬁf SEERPIRIS (o
by sel ecting the alsetengbje therée;slgr@rut@m@ramﬁ lgading and maximize signal t he
M.A is accessi bl egpdudopy beladtirgihadest MBA lifbs msh@tgxﬁgtmther or not

the MLA is accessible through an adjacent BC tab connector network.

In addition, loading is minimized. In particular, the BC tab connector

network and a partial turn matrix reduces loading up to 50%, resulting

in significant improvements of signal speed.

In the present embodiment, the first three levels of the routing
hierarchy, MLA-1, MLA-2 and MLA-3, are used to interconnect a 8x8
block matrix, wherein each block is formed of four logic clusters. Each
block is programmably connected to a MLA tab line via the BC tab
connector network. Each MLA tab line is programmably connected to
a MLA tab connector network which functions in a manner similar to
the BC tab network to route sxgnals to and from higher level routing
lines.

As the number of CFGs on the chip increases, additional
interconnect is needed. In the present architecture, it is desirable to
add to the levels of the routing hierarchy to maintain routability of



In addition, loading is mnimzed. In particular, the BC tab connector
network and a partial turn matrix reduces |oading up to 50% resulting

in significant inprovenents of signal speed. In the present
enbodi nent, the first three levels of the routing hi erarchy, MA-1,
M.A-2 and M_A-WO9%#5262;sed to i nterconnect a 8x8 bl ock neXGYUSISHREEE i
each block is fornmed of four logic clusters. Each bl ock is
programuably connected to a MLA tab line via the BC tab connect or
network. Each M.A tab line is programmably connected to a MLA tab
connector network which functions in a mann simlar to the BC tab
network to route signals to and from hi gher "Tevel routing i nes.

As the nunber of CEGs on the I ncr eas addi t.i onal Jnterconnect
is needed. In the ﬁgﬂé@nt fa? %‘3@?&:‘:3881 ‘P{a‘ﬁst“ﬁ‘gﬂ% gre;ig an incregsgyin o ( he
| evel s of the routtheglengt of theyrautingafromathe lower ddiel irbuting lines. In ord@

96/ 35262 drive lo rsgnall uﬁm%¥m?sﬁelaﬁeé a'lldnveyf;l s ateidedag 0/ 09982

17 . si gnal s. % each 8\9 ere’1s an
increase in t he miniadze fest ppslie siger Hdmpr eévﬁé’r hmit the Wan

lines. In order of signalldfivers thapdrive it longes wbiting linecchardotéristic in m&al
drivers are neededponer 1ouks O ﬁie%ﬁpk'lﬁex%fr%lﬁgrhf%&'u% 5136 prdterdile

preferred to limt Vars th onger
routing |ine char aeteearﬂbkte@urmb@ﬁealable tomrg reciéeciivgrdesign meghanism

hi erarchy. In additd aconirhodatefinereasing ldentities of logxctheumoﬂnat&a@p dhd the
o ot g donar | Bkl Yol e 3308 HESHAN Silncerink GifE YRAR

i ncreasi ng densiti Clrcul connecti vi ty

required and to ni Witk lasgeREMbEE pf Rartef Tﬁﬁ@fésgd@ﬁfheéﬂ found thygtiafter # ge
nunber of parts. Tﬁmefwnber oftlebieéls ob tienhieparchy, i 33 deditable fo providé ahst

nb fl | t | M_A
Fab connect or et v £ botilcieerivbyl fo 6016 @ikt 6 WS Bprovide
signal driving f un@gnah@nm fumtlpaﬁé@rrtheﬂpgs% highern levels qf G’Qtltlﬁg Hneses.

Programmabl e turn switches are preferably provided to connect
sel ectively horizontal Riogrammebletutn\ssvitéhes lard/preferabdy pravided its connect
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illustrated in Figure 7A. Figure 7A shows a turn matrix which is a
portion turn network 710 for eight lines of an MLA-1 interconnecting
four logic blocks 712, 714, 716 and 718. The turn network 710 is
controlled by a plurality of turn bits which control whether a
particular intersection of a horizontal MLA line, e.g., line 720, and a
vertical MLA line, e.g., 722, are connected such that the signal may be
routed between the horizontal 720 and vertical 722 MLA line. Figure
7A is representative of a turn matrix that is used to interconnect MLA-
1 routing lines. This turn matrix 710 provides complete coverage, i.e.,
each horizontal MLA-1 line is programmably connected to each
vertical MLA-1 line.

Complete turn matrices can also be utilized for the higher level
MLA lines, e.g.,, MLA-2 and MLA-3. However, in the present
embodiment the number of lines at each level has multiple sets of
routing lines. To save on die space by decreasing the number of
switches needed to form the turn mairix, partial turn matrices are
used. Figure 7B is illustrative of partial turn matrices of turn network



portion turn network 710 for eight lines of an MLA-1 interconnecting

four | ogic blocks 712,714, 716 and 718. The turn network 710 is
controlled.by a plurality of turn bits which control whether a

particular intersection of a horizontal MLA line, e.g., line 720, and a
vertical MA WO8635262g. , 722, are connected sych that the si PCIIUSAHISNZ
routed between the horizontal 720 and vertical 722 MLA line. Figure 7A
is representative of a turn matrix that is used to interconnect MA- I
routing lines. This turn matrix 710 provi des conpl ete coverage, i.e.,

each horlzontal M.A-1 line is progranmably ﬁpnnected to each verti cal
MLA-1 |1 ne. Conplete turn matrices can also be ut|||zed for

t he hi gher |evel an he -
present emo@m%é‘zmp lmeﬁ@gﬁg{\ % ﬁ' p*% sets
of routing | inoded eddiesathe die savings pabieved bgremn'emszmg thtesmemﬁehe of
sw t ches needed t%ﬁ-ﬂ"xﬁ%&’@& ﬁi&é‘tﬁﬁ\t bfffets BAY deRteabs! i) cftide t’&ﬁr are

used. Figure 7B i ustrative arti al u tric n network
VO 96/ 35%62 sf"m‘ﬂ'mermcn'e, decre se in connect{v? n@ aiso of?set

PCT/ US96/ 05982 capabxhty of routmg signals through the block connectoi:&ab networks0 f or
MLA-2 and M.A-3 | |ﬁgs -m g égzggﬁawbmfto eMLAmt ed
eve

earlier, the die saving achl i.nizin he S| t turn
matrices nore tharf"b‘PF‘gj'tl %é@?‘éﬁ@@ i1p FignrRcba anriE) gure 6B. Further nor e,
any decrease in connect|V|ty Is also offset by the capability of
routing signals througFigtee TC prevides anemhodimienhef ther partial turn matrices

410, 420, 4307 440, 438i1{6RR, th iRt & hrieft mdﬂwmalfoaﬁﬁ ilthek B8 aMb@

i gur 6 7C. pr ovi dedtRPLTIBRIRARE 4 2ohaists SRR S FBbenon 1o

to interconnect whaeﬂmbcmefﬂwmdmduahwx saindthe partial twrnr i X conposed
of 4 2x2 matrices xﬁatri&shﬁe ﬁ‘r&fg@mﬁﬂaﬂ%b%ﬁoﬁ%&mme In pAAICUlAE it

| ocation of the indiyvid ches 1n t rty tur matr.i ces are
arranged to bal andgde éﬁﬁéﬁ%ﬁ e §arg 1y Eerc??vgg?}ep {a}ﬂ“"tqd@ f
desirabl e t hat thdosaairtainrsbeonstintdoad ohemchlimel obmtleriprmserternbbdineent to

mai ntai n a. consta this
S Secoml 1 shed by BT gy TRECper e

This innovative routing hierarchy consisting of the routing
lines, block connector tab networks and turn matrices, permits an
innovative, space saving floor plan to be utilized on a semiconductor
device. The benefits of the architecture and the innovative floor plan
discussed herein can be seen particularly in an SRAM
implementation. Extensive die savings is realized by grouping
memory into large, contiguous blocks. This is quite different from
prior art floor plans which integrate logic and memory resulting in
significant wasted space, often referred to as layout dead space. In
addition, this floor plan includes a scalable block architecture in which
each block includes a plurality of contiguous memory and passgate
arrays. Intra-cluster routing lines and bi-directional routing lines are
overlayed on different layers over the memory and passgate arrays to
provide connections to higher level routing lines and connections
between CFGs in the block. Each memory and passgate array includes
the SRAM and passgates to control the programmable switches



turn matrices such as is shown in Figure 7C Thi s i nnovative

routing hierarchy consisting of the routing |l i nes, bl ock connector tab
networks and turn nmatrices, permts an i nnovati ve, space saving fl oor
plan to be utilized on a sem conduct or device. The benefits of the
architecture 2wo 945262 nnovative floor plan . di scussed herRCTIUS9SASIS3
seen particularly in an SRAM I npl enment ati on. Extensive die savings is
real i zed by grouping menory into |arge, contiguous blocks. This is
quite different from prior art floor plans which integrate |ogic and
menory resulting in. significant wasted space, often referred to as

| ayout dead-space. In addition, this fl¥or plan includes a scal able

bl ock architecture in which each bl ock includes a plurality of

contiguous nenory descritesisabmve. The floom plas of atsingle blovkds easilyt scalableé tees and
bidirectional routi awﬁgoﬁf,ﬁnsofm ﬂgjégmepjs%cgbg er%gﬁé at over the
he

menory and passgat on jons t.o evel
routing lines and EM%FB&\? 4x4 ma% gﬁ’ &&S?WHQ“BPSHW E‘é‘éint‘%nory
and passgat e arr ay matticesiare scalabletthdargieAbhatridesaflslgeksdsy simple replidatione

progranmabl e switc
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descri bed above. The fl an ..of single block is.e si.I scal abl e to
generate floor plans ofqﬁﬁ &“b‘fa@ Slfg?ﬂ{ élg &{ﬁul?eeé ’h& %F‘éé@?ﬂ
enbodi ment, a 4x4 fise embodimemtoshiosvn irc Figlirag 8Acand 88. |Oneeembadimmentnof
matrices are scal al@ﬂl@ﬂb@t ﬁh%fa'[@éx&bfcﬁ:k @EhMQKSI"le&eSSKm'E‘ach%?ccat i on

and abut ment of 4x4 ve.fl oo lag will
be described with F#&r énf.lgdes thea?ﬂ‘@“%o@ﬁerﬁ % ard sA and

8B. One enbodi ment thed I-Matrix which fi$ foymed afthedeMattixljnes 8416846 arsd thown i n

Figure 8A. Each | ogj  the CFGs
of gt he cl uster 820 aérilﬁory and ?h%ghﬁrarg%g%ﬁ‘wmé‘yégﬁﬁiﬁs%@g@g&gveo

|i nes 841-846 and Chnections Wﬁ%ﬁ% agﬁ#é@r@%&?aﬁ %‘H%f&h?wﬁglrlsx

the selective Cﬁﬁsmmtpde&ttsﬂbalementstdfethem A-MatrbsextensibhOB40 nes
801-811 of the forn%f E@Hﬁh%erh r}Qﬁd% 'Bé §rr9;' afféqﬁcﬁthﬁsﬁe?&veeﬁ Mat i x

ext ensi ons , 840 formed of aa St?veﬁe arra ?
| ocat ed bet ween adjacent memory and passgate arra tose yconne

Matrix lines 841-846 of a cluster to the I-Matrix of an adjacent cluster.

Selectively coupled to the elements of each cluster 820 are the
block connectors which include the block connectors lines 861-868
(vertical block connectors not shown for purposes of simplification of
Figure 8A) and the memory and passgate array 850 which controls the
routing of signals between the elements of the cluster and the block
connector lines.

This floor plan is best realized by using a logic design that meets
the following criteria. Each block provides for bidirectional
input/output access in less than all possible directions (i.e., north,
south, east and west) or "sides” of a block. In the present embodiment
each block provides block connector tab networks on two sides of the
block, one in a horizontal direction and one in a vertical direction.

The block connector tab networks, which are preferably replicas of

each other, are oriented mirror to each other along respective axis in a -
2x2 array. This can be visualized by referring back to Figure 7C.
Referring to Figure 7C, and in particular the orientation of the block



adj acent nmenory and passgate array 830 to selectively connect the |-
Matrix lines 841-846 of a cluster to the I-Matrix of an adjacent cluster.

Sel ectively coupled to the elenents of each cluster 820 are the bl ock
connectors which include the block connectors |ines 861-868 (verti cal
bl ock connect Wa9#as5262shown for purposes of sinplification of PCIUSIORBYuUr e
8A) .and the nenory and passgate array 850 which controls the routing
of signals between the elenments of the cluster and the bl ock

connector |ines. This floor plan is best realized by using a

| ogi c design that neets t he follomﬁngxfriteria. Each bl ock provides
for bidirectional I nput/ out put access™ n |l ess than all possible

directions (ie., north, south, east and west) or "sides" of a block.
In the present entsoBReRIQH tab networse Al(isa mipebimegsof 4% K6 imamirer t ab

net works on two siiﬂﬁgeausd)umsamiﬂo@@hag@aﬁﬂmaﬁdhmisz@ﬂﬁﬁbr%h&g@bfon and
s,

one in a vertical Prection. The bl ock connector tab networ whi ch
are preferably repl'icas of each other, are oriented mrror to each
ot her al ong respective _axis jn 2x2 array. This can be visualized by

in a £ . .
referring back to Fi gufentipuing referencs tq Figuse 7C., fhgmigoring isperfosmed
particul ar the orisadh thatche programrhablelswitches, i.e.,\é&¥ifdhes Bat2connect
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connector tab net\Q/(g)E E?smsﬁ Ivfatrxx hnesfsvr\ntlches ﬁlagfo%?e%exﬁgogdrﬁsggr

S mr Jmage ) .
i mage of 480, 440 i 'WBP“PTT&Q@‘ 61‘8&8@{@%"@?@’?‘@‘18 the iMatrbyrage of
450]; . eﬁ}vﬁshiolns!,i oorresfondng €o eachFblodk eary be adjiRent i ikl fibri ﬁ
perrorne * Su S t hat
connect el en@?‘?’% %%)c%?ﬁ%%eﬁghl | es,g%w %ng‘ga?ﬁgﬁ%ﬁ%%%‘g@e cgmsnt s of
clusters to Mayemenemyandopassgaearays 830 340rand 8a0implemented ase
|- Matrix ext eoatigusus otk of pEIGrYISS5 Moaddibibn ¢l minimbengdaysgnt in

briyI8o ngdaysift
the fl oor pl : N e
desi gned to Rpd %pats BB F i Bnipbhberinaat 5 L Bl of
i npl enented as a the diecomsists Rfreeropy. RIaY's it $mal sectiong of degici(es-t o
m ni i zi ng | ayout logic chiea®20paBerthérmoref by providing gioupings eSmemvtiyact ur e
as the mgjority Ofaxjrays, the programming of the chip is simplified as simple X-Y
addressing can be used. One example of a contiguous memory and
passgate array is shown in Figure 9.

An additional benefit to the floor plan is that the arrangement
of blocks enables a simple, effective way to enable adjacent blocks to
share routing resources without adding on significantly to the number
of lines or additional bits.

Figure 8B continues the illustration of the innovative floor
plan by showing the layout for a 2x2 block. Each block (shown in
outline form as element 860) includes a plurality of block connectors
BCO-BC7. The floor plan of each block 860 is that described in Figure
8A. As described previously, the block connector lines inside each 860
are coupled to block connector tab networks which provide
connections to adjacent blocks and to higher level routing lines of the
routing hierarchy. Memory and passgate arrays 880 represent the
switches for the block connector tab networks. The driver logic 882,
which includes the drivers located in the block connector tab
networks, is séparate from the memory and requires a small portion



the die consists of nenory arrays with small sections of logic (e.g.,
l ogic cluster 820). Furthernore, by providing groupings of nmenory
arrays, the programm ng of the chip is sinplified as sinple X-Y
addressi ng can be used. One exanple of a contiguous nenory and

passgate arrawosesaskéen in Figure 9. . An addi ti orRAT/NISGIOMEX t O
the floor plan is that the arrangenent of bl ocks enabl es a sinple,

ef fective way to enabl e adjacent blocks to share routing resources

wi t hout adding on significantly to the nunber of lines or additional
bits. Figure 8B continues.the illustration of the innovative
fl oor pl an by showi ng the |ayout for a2bx2 bl ock. Each bl ock (shown ‘i n

outline formas el enent 860) includes a plurality of block connectors
BCO- BC7. The f| oorofptherdief The ttarrbinadtix 880 is alse hempdsastof aanermoryrandir e

8A. “As descri bed pﬁ&\é%ﬁﬁ%ﬁé?n tH1e IO KinbS HORShWm, BREPrdfaRbie difilileBiD
are coupled to bl ock ngﬁc or tab netvvorgs wWhi fhﬂ_gro éé?{e ggaGonnect i ons
to adj acent bl ocksaBﬁ’ET%F FELRET TPENOFY ARG PAREAS SH8% and ¥, out'i ng

hi erarchy. Menory provides simple nreany $o gantrobeoraeetivity.he switches for
t he bl ock connector tab networks. The driver |ogic 882, whi ch incl udes

the drivers |ocated in THieflobPplarciRreaRbly by #dplication BE NOalkangémenePar at e

Leom Lhe menory andoiflil Rfnd sB™As RREA 'pibviously, howlfer) W Frilize . .

die. The turn nat ricadizgson thelines v theopragent embedimeng thatiuses partiphbwnmat e
array. The MA | i n@sirices!it $'9iiflerrad Shat BleqsarBhlru@h neitkiegs Aflernate in 2

paral l el |ayer over. ry and pasggat e. arr ays,.330, and 0 . provide
a sinmple neans to %?fh%gg?,}’wg%{ I%ﬁw in’Figite 7¢. %nmﬁ]?gfﬁ%rmﬁ i's
scal abl e by repl i cBedroplanfis realizad, thegealization of largen matrices isi aphievedhy As
noted previously, fpNexin of el Hlakix and the aBaGhét sFthkhBulinBamesn the
present enbodi rrent'_mdg ses é&ﬂl%#{iurn - matrices, it i8S preferred
that the partial t (CPRRectays, o gelipcent matrices. i oniation such as is
shown in Figure 7C. Once a 4X4 bl ock matriXx floor plan is realized,
the realization of | argete advantages tpsugh @ fioarplayy is apparent to one skilled in

the art. Enhanced usage of die space is achieved. In addition,
scalability is easily achieved by replication of the layout for the logic
blocks which allows for easy proliferation of varying sizes of devices to
be built with minimum engineering efforts.



replication of the 4x4 matrix and the abutnent of the routing |lines

and bl ock connectors of adjacent matrices. The advantages to
such a floor plan is apparent to one skilled in the art. Enhanced
usage of die space is achieved. In addition, scalability is easily
achi eved by rwi6i%B%s2on of the |ayout for the,logic - bl BERESAHIFBA
allows for easy proliferation of varying sizes of devices to- be built
wi th m ni mum engi neering efforts. WO 96/ 35262
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What is clainmed is: 1. A | aygut of a programmabl e |ogic
devi ce conprising a plurality of confTgurable function generators
(CFG and storage el enents, said |ayout conprising a
plurality of bl ockKelABMEh bl ock conprising a plurality of CFGs and
storage elenments, said blocks paired to a first adjacent block that is

adj acent in a first di Whatisrlaimedaissecond adj acent, bl ock that is adjacent

in a second direction; a first block connector tab network
coupl ed to each block of th Iur alit |QCkS fhat programmably
couples in the first d| rectgc;ﬂY?Wé" P’Ogéﬁéﬁﬂ? Qe dBVice ICORPTISIRE Ang | i nes
of the device and g hﬂodithﬁph-ablefuncﬂmgenemtorsmﬁbhndrskoﬁgelpl ed to

each bl ock of the t hat programmably couples in

ng'
t he second dlrectlon t bl ock to,routing_ lines of the
device, the first and §ét18 %PS , each black comprising,a plasplity of 6FGSai r ed

bl ocks oriented tanl storageiehamgatts,afaid blocks pairéd d & first fjadendblorRitHatisr st
and second said bl %Aﬁzeﬁ r r [ vy and
passgate array for. form Pﬂpgm&dﬁ&m’f‘uré’l Ity g?ahfaggra Okglﬂg&clgnng IF‘ons

and driver |ogic fiBrR $RPHH ddrection; sjgnals, the menory and passgate arrays
of paired bl ocks conbi Iaeﬁi'stblock comherter ﬁbﬂ@tﬁoﬂ(tc&;pledi&deach block of the a turn

et " oot HBY of DAL} S Ml el e s B
P J é/FGs bl% to routmg lines of the evxce and a second block
connector tab network coupled to each block of the plurality of blocks
. that programmably couples in the second direction the CFGs of the
block to routing lines of the device, the first and second block
connector tab networks of paired blocks oriented to mirror images of
each other, each of said first and second said block connector tab
networks comprising 2 memory and passgate array for forming a
plurality of programmable connections and driver logic for driving
signals, the memory and passgate arrays of paired blocks combined
into a single array; and
a turn network for programmably coupling routing lines, said
turn network comprising a memory and passgate array, said memory
and passgate array of the turn network contiguous to the memory and
passgate arrays of the first block conmector tab networks and second
block connector tab networks.

2. The layout as set forth in claim 38, wherein a block
comprises a plurality of logic clusters, each logic cluster comprising a
set of the plurality of CFGs and storage elements programmably
interconnected via a cluster routing matrix composed of intracluster

AR



and passgate array of the turn network contiguous to the nenory and
passgate arrays of the first block connector tab networks and second

bl ock connector tab networks. 2. The | ayout as set forth in
claim 38, wherein a bl ock conprises a plurality of logic clusters,
each | ogi c cl vwOes3REPri sing a set of the plurality ofPCIFES6/SRIBY
storage el enents progranmably i nterconnected via a cluster routing
matri x conposed of intracluster WO 96/ 35262
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| i nes and programmabl e switches, a |ayout wthin each bl ock

conpri sing: - a nenory and passga array conpri sing;

a first portion conprising menory and passgates correspondi ng
to switches of therasitinglinesrand programmable switches a layout within eaahgblock| ust er
of the bl ock; comprising: a second portion conprising nenory and
passgat es correspondi.ng to switches of .extensions which

pr ogr anmabl y a"!?HtPB’V@é‘dci?‘iﬁ&aéF AN PHP P ces of adj acent
clusters within the a first poriicn comprising memory and passggitesi portion
conpri sing menory and ngR@pbRding to switches of S HIASRPRELANE WaBWidf s Whi ch
programmabl y couple CFGs . fheg:go bl ock connectors,” said bloc

connect ors progr anmmabl yosic duster of theBlogly' o 't 5 t he bl ock connector tab

net wor ks; and a apsegond ipoytiont comprising mepwry andipdssgrtes ar r ay

corresponding to the  corrdshGRdiNg 0 sWitHes bf eXRindidneGhKicR ProyfankRabiyed
external to ,t he area s pc%rtlxrf)?es cluster Pgut}rpgemg%qgersyofa ac ;age%% %:Hxs%e%s Withih the
‘ block;

a third portion comprising memory and passgates
corresponding to switches which programmably couple CFGs
to block connectors, said block connectors programmably
coupled to the block connector tab networks; and
a plurality of logic arrays, each logic array corresponding to the

CFGs of a cluster, said logic arrays located external to the area spanned
by the memory and passgate array.
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