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SCALABLE MULTIPLE LEVEL INTERCONNECT ARCHITECTURE. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The .present invention is directed_ to the field of programmable 

gate arrays. More particularly, the present invention is directed to a 

scalable multiple level connector tab network for increasing 

routability 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 tenns of cost 

and time to market. A typical FPGA essentially consists.of an outer 

ring of 1/0 blocks surrounding an interior matrix of configurable 

function generator (CFG) logic blocks. The 1/0 blocks residing on the 

periphery of an FPGA are user programmable such that each 1/0 block 

can be programme~ independently to be an input or an output and 

can also be tri-statable. Each logic block typically contains CFGs and 
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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 1/0 blocks. These interconnect resources provide flexibility 

to control the interconnection between two or more designated points 

on the chip. Usually a metal network of lines is oriented horizontally 

and vertically in rows and columns between the logic blocks. 

Programmable switches connect inputs and outputs of the logic blocks 

and I/0 blocks to these metal lines. Cross point switches and 

interchanges at the intersection of the rows and columns are used to 

switch s~gnals from one line to another. Often long lines are used to 

run the entire length and/ or breadth or the chip in order to provide 

point to point connectivity. The functions of the 1/0 logic blocks and 

their respective interconnections are all programmable. Typically, 

these functions are controlled by a configuration program stored in an 

on-chip or separate memory. 

As technology has become more and more sophisticated so has 

the functionality of FPGAs. The number of CFGs in an array has 

increased providing for more complex logic functions. 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 
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minimize the routing resources while maintaining a certain level of 

interconnectivity. Tu:erefore, 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, JPOSt 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 increa~ 

the chip die size dramatically. 

SUMMARY OF THE INVENTION 

~ improved field programmable gate array (FPGA) is 

provided which includes tab network connectors for interfacing 

groups of logic cells with lower levels of intercon~ect and for 

interfacing lower levels of interconnect with higher levels of 

interconnect. In one embodiment, the connector is used to interface a 

group of elements or configurable function generators (CFGs), 

including storage elements, to certain levels of a hierarchical routing 

network. Each group or cluster of a logic block is formed of multiple 

CFGs programmably coupled to a set of bidirectional input/ output 

lines. In the present embodiment an innovative cluster architecture 

is utilized which provides fine granularity without a significant 

increase in logic elements. The bidirectional input/ output line is 

coupled to the connector. The connector includes a connector tab line 

co~pled to the bidirectional input/ output line through a 
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programmable switch. The connector tab line is also coupled to the 

connector and bidirectional input/ output line of an adjacent block. 

Frequently, signal routings occur between adjacent blocks, and in the 

prior art valuable routing lines which interconnect to higher levels of 

the routing hierarchy were used. In the improved 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 

out to one or more routing lines of the hierarchy of routing lines 

through determined programmable switches. The second driver takes 

a signal received from a routing line of the hierarchy of routing lines 

through a programmable switch to the bidirectional input/output 

.. 
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line. Thus, a flexible, programmable connector is provided. 

Furthermore, the connector can be programmed to provide a "fan 

out" capability in which the connector drives multiple routing lines · 

without incurring significant additional signal delay and without 

using multiple tab connector networks. 

In another embodiment, the tab connector network can also be 

used to route a lower level routing line to a higher level routing line. 

This is particularly desirable in order to meet the needs for driving a 

signal along longer routing lines without requiring all signal drivers 

be sufficiently large to drive a signal along the longest routing line. In 

particular, routing tabs lines are·provided that span distances 

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 implem~ted 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 se~ 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 
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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 

access both sets of routing lines thereby minimizing the likelihood of 

routing blockage of the signal. 

Furthermore, a turn matrix is preferably included to cause the 

signal located on one routing line to transfer to a routing line in a 

different orientation. For example, a tum element of a tum matrix 

enables the signal to transfer between a horizontal and vertical 

routing line. As turn matrices require a significant amount of space 

on the· chip, the connector networks can be utilized to provide 

sufficient connectivity, especially for the most commonly occurred 

two segments diagonal connect while minimizes the real estate for 

turn matrices. In particular, the connector networks enable the device 

to implement partial tum matrices, wherein up to half the number of 

tum elements are eliminated to save space on the chip. 

In addition, this innovative routing hierarchy consisting of the 

multiple levels of routing lines, connector tab networks !'Ild turn 

matrices, permits an innovative, space saving floor plan to be utilized 

in an integrated 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 
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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 layout dead space as the floor plan provides for a plurality 

of contiguous memory and passgate arrays {which provide the. 

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 mixture of memory and logic are 

avoided. Intra-cluste.r routi~g lines and bi-directional routing lines 

are intermixed and overlayed on different layers of the chip together 

with memory and passgate arrays to provide connections to higher 

level routing lines and connections between CFGs in the block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object, features, and advantages of the present invention 

will be apparent from the following detailed description in which: 



WO !>61352'1 
PCI'/U~ 

8 

Figuxe 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 28 illustrates one embodiment of local interconnect 

between logic dusters. 

Figures SA and SB depict an example of a logic duster 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 

l~vels of the routing hierarchy. 

Figure 4c shows exemplary vertical block connector tab 

networks that programmably connect to horizontal lines of multiple 

levels of the routing hierarchy. 

Figure S is a simplified diagram illustrating a 2x2 logic block and 

the block connector tab networks that provide the interface to higher 

levels of the routing hierarchy in conjunction with the turn matrices. 
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Figur~ 6A and Figure 6B illustrate an alternate embodiment in 

which the block connector tab networks are connected to subsets of 

routing lines of multiple levels of routing lines. 

Figures 7 A, 7B and 7C respectively are a simplified block 

diagrams of embodiments of a horizontal and vertical MLA turn 

network for a first level of routing lines, and partial tum networks for 

second and thir~ levels of routing lines. 

Figure SA is a simplified diagram illustrating a layout floor plan 

for a logic block. 

Figure SB is a simplified layout floor plan of a 2x2 logic block 

array. . 

DETAILED PESCRIPTION 

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 
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invention. It should also be noted that the present invention 

describes an embodiment which utilizes static random access memory 

(SRAM) to control the state of bidirectional switches utilized 

However the present invention pertains to a variety of processes, 

including, but not limited to, SRAM, dynamic random access memory 

(DRAM), fuse/ antifuse, erasable programmable read-only memory 

(EPROM), electrically erasable programmable read-only memory 

(EEPROM) and ferroelectric processes. The concept ,of the connector 

tab networks utilized in the routing hierarchy as interface points and 

as bidirectional drivers, can be applied in deep submicron masked gate 

arrays where judicious placing of such drivers is critical. 

Figure 1 is a block diagram illustration of an exemplary FPGA 

upon which the present invention may be practiced. The array 100 

comprises I/0 logic blocks 102, 103, 111, and 112, which provide an 

interface between external pins of the package of the FPGA and 

internal user logic, either directly or through the I/O logic blocks to 

the core interface blocks 104, 105, 113, and 114. The four interface 

blocks 104, 105, 113, and 114·provide decoupling between the core 106 

and 1/0 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. 

• 
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Thus, as the interconnect density increases, the die size increases at a 

significantly slower rate. ·The core includes 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 duster. It is contemplated 

that the logic cluster IDustrated by Figure 2A is illustrative and logic 

cluster can be formed of other elements such as logic gates and flip­

flops. l_teferring to Figure 2A, the logic cluster 200 is formed of four 

elements. These elements include one 2 input CFG 202, two three 

input CFGs 204, 206 and D flip-flop 208. CFG 202 can also be a three 

input CFG. The CFGs 202, 204, 206 are programmable combinatorial 

logic that provide a predetermined output based using two input 

values (for CFG 202) or three input values (for CFGs 204, 206). The 

CFGs are programmed with values to provide output representative 

of a desired logic function. The D flip flop 208 functions as a 

temporary storage element such as a register. 

This combination of one two input, one output CFG, two three 

input one output CFGs and a D flip flop enable a variety of logic and 

arithmetic functions to be performed. For example, the elements can 

be programmed to perform such functions as comparator functions or 
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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-MO through I-MS (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-MS and switches 220-244 form 

what is referred to herein as the I-Matrix. The I-Matrix provides 

connectability among the elements 202, 204, 206, 208 to at least one 

other element of the cluster. For example, the output of the CFG 202 

can be connected to the input of CFG 204 by enabling switches 224 and 

228. 

To insure minimum signal delays during processing, separate, 

~ connections are provided between the D flip flop 208 and the 

three input CFGs 204, 206. Continuing reference to Figure 2A, 
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switches 250-255 and connected lines provide such connections. It has 

been determined that the input and output of the three input CFGs 

204, 206 often perform programmed functions in conjunction with the 

register 208. For example the three input CFGs can be utilized with 

the register to provide a one bit multiplexing function. 

The bidirectional switches 250-255 can be progra,mmed a variety 

of ways to route the signal to achieve a specific function. 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 1>y 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. 
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Bach logic cluster is connectable to the other logic clusters inside 

the logic block through switches extending the I-matrix between 

neighboring clusters. Figure 2B illustrates I-matrix interconnection 

lines I-MO to I-MS of a first logic cluster 260 selectively connected to 

the I-Matrix lines of adjacent logic clusters 261 and 263, respectively 

through switches 264, 265, 266, 267, 275 and 276. 

The .flexibility herein described is partially achieved through the 

numerous bidirectional switches used. It was also noted previously 

that the switches can be implemented a variety of ways. For example, 

the switches can be implemented as fusible links which are 

programmed by blowing the fuse to open or short the switch. 

Alternately, the switch is a passgate controlled by a bit in an SRAM 

array. The state of the bits in the array dictate whether a 

corresponding passgates are open or dosed. Although the SRAM 

implementation is often preferable 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. Th.is is referred to herein a& partial 

coverage structure. For example, in Figure 2A switches 221, 220 

connect I-MO and I-MS to the inputs of CFG 202. As will be descnoed 

below with respect to the present embodiment, partial tum matrices 

are used to eliminate up to 50% of the switches typically used in a turn 

matrix. 
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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-MS of cluster 260 to I-MO of cluster 261 

and switch 276 connects I-Ml 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 

organized in a 2x2 array. Each logic block has a set of bidirectional 

routing lines to which all CFGs inside the logic clusters are 

programmably connected. The bidirectional routing lines provide the 

path for signals to travel into and out of the logic block to the routing 

lines of a hierarchical routing architecture having multiple lengths of 

interconnections at different levels of the hierarchy. It can also be 

seen that the block connectors can also provide connections among 

the CFGs of the logic clusters of the same block and adjacent blocks. 

Although the input and output of each element of each logic cluster of 

the logic block can be selectively connected to each block connector, to 

control the expansion on die size it is preferred that each input and 

output is selectively connected to a subset of block connectors. An 

example of such an embodiment is shown in Figure SB. . 

Referring to Figure 3B, a symbolic representation of one 

embodiment of the connections to block connectors within a block 

300 is shown. Each element of each cluster 200, e.g., CFGl, CFG2 and 
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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 sped.fie 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 l~vels 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. 

An innovative block connector tab network is utilized to 

interface the block connectors (BC) to the MLA routing network and 

to adjacent block connectors of adjacent logic blocks. As is shown in 

Figure 4A, a block connector tab network, for example, 401-408, is 

connected to each block connector line of each block 300. Figure 4B 

illustrates one embodiment of a horizontal block connector tab 

network which connects to vertical MLA routing lines. Figure 4C 

illustrates one embodiment·of a vertical block connector tab network 

which connects to horizontal MLA routing lines. 
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In the embodiment shown in Figure 4B, the block connector 

(BC) tab network 401 of a first logic block includes a plurality of 

programmable switches 432-437. These bidirectional switches enable 

the selective routing of signals to and from the logic block through BC 

line 438. Also included in the network 401 are two programmable 

drivers 439 and 440. In the present embodiment, these drivers 439, 440 

are controlled by 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 

example, the BC tab networks, e.g., BC tab 401 and 402, are 

interconnected to MLA-1, 2 and 3, which are labeled as 425, 426, and 
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427. Thus, in addition to providing a direct routing mechanism to 

adjacent logic blocks, the BC tab network provides an alternate path 

for routing a signal to MLAs through the tab connector network of an 

adjacent logic block. This minimizes the occurrence of blockage or 

inaccessible routing paths. For example, an alternate path 451, is 

provided through switch 452 and switch 433 to interconnect block 

e connectors 438 and 443. Thus, it can be seen that extreme flexibility in 

routing, as well as efficiency in routing, can be achieved utilizing these 

BC tab networks. An additional advantage is signal speed; this 

architecture results in lightly loaded lines and therefore no signal 

speed penalty is realized even though routing flexibility is enhanced 

In Figure 4B, the BC tab network can be used to provide a signal fan 

out capability·to connect to multiple MLA lines by setting the 

appropriate switches, e.g., 434, 435, 436, 437, without incurring signal 

speed penalties 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 
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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 can1 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 

connections of a block cluster1 which consists of a 4x4 matrix of blocks 

in the present embodiment. Switches are provided to enable the user 

to program the desired connections. The span of the level 2 MLA 

lines is preferably a factor greater than the span of the MLA-2 lines. 

For example, the MLA-2 lines are preferably twice the span of an 

MLA-1 line. 

As can be seen, additional levels of MLA routing lines can be 

implemented to provide programmable interconnections for larger 

numbers and groups of logic blocks, block clusters, block sectors 

(which is an 8x8 matrix of blocks), etc. Each additional level spans a 

distance a factor greater (such as a multiple of 2 greater) than the 

adjacent lower level. Thus, ·a multi-dimensional approach for 

implementing routing is provided. Signals are routed amongst the 

~terconnections of a logic block. These signals are then accessed 

through block connectors and the corresponding block connector tab 

networks and routed according to the programmed switches. The 

block conneetor tab networks enable a programmable direct 

connection to higher levels of MLA routing lines, for example1 MLA-2 

and MLA-3 routing lines. Alternately, higher levels of routing lines 
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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 ~r additional lines in order 

to achieve the •desired level of connectivity. 

Signals are programmably mutable between BC tab networks to 

achieve the desired level of connectivity. For example, Figure 6A 

illustrates adjacent horizontal BC tab networks 600, 605. BC network 

600 is programmably connected to a first set of MLA-2 lines 615. 

Similarly, the adjacent BC tab network 605 is programmably connected 

to a second set of MLA-2 lines 620. If a signal, for example, originating 

on BC line 627, is to be routed to a signal line of MLA-2 coupled only 

to BC tab network 605, the signal can be roU:ted from BC tab network 

600 to BC tab network 605 thro.ugh switch 631, through tab line 629, 

driver 630 and switch 632 to programmably connect to MLA-2 lines 

620. Similarly, if a signal originating from a block connected to BC tab 

network 605 is to be routed to MLA-3 635, the signal is routed via BC 
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tab network 600 through switch 633, driver 634, switch 636 to MLA-3 

635. The BC tab network therefore functions to provide increased 

connectivity in a limited connectivity structure. The BC tab networks 

also enable the designer to minimize loading and maximize signal 

speed by selecting the best MLA lines to route a signal, whether 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 signals 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 

signals. At each higher level of the hierarchy, there is an increase in 

the length of the routing from the low~r level routing lines. In order 

to drive longer signal routing lines, larger signal drivers are needed. 

To minimize the effect on die size, it is preferred to limit the number 
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of signal drivers that drive the longer routing line characteristic in the 

higher levels of the routing hierarchy. In addition, it is preferable that 

the architecture be scalable to provide an effective design mechanism 

to accommodate increasing densities of logic circuits on a chip and the 

connectiv:ity required and to minimize engineering efforts associated 

with large number of parts. Therefore, it has been found that after a 

first number of levels of the hierarchy, it is desirable to provide an 

MLA tab amnector network to enable scalability, as well as to provide 

signal driving functions for the longer, higher levels of routing lines. 

Programmable tum switches are preferably provided to connect 

selectively horizontal MLA lines and vertical MLA lines. This is 

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 tum 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 

7 A is representative of a tum matrix that is u~ed 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 tum matrices can also be utilized for the higher level 

MLA lines, e.g., MLA-2 and MLA-3. However, in the present 
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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 matrix, partial turn matrices are 

used. Figure 7B is illustrative of partial turn matrices of tum network 

710 for MLA-2 and MLA-3 lines within a 2x2 matrix of logic blocks. As 

noted earlier, the die savings achieved by minimizing the size of the 

tum matrices more than offsets any decrease in connectivity. 

Furthermore, any decrease in connectivity is also offset by the 

capability of routing signals through the block connector tab networks 

410, 420, 430, 440, 450, 460, 470, 480 to other routing lines in the MLA 

routing hierarchy as illustrated in Figure 6A and Figure 6B. 

Figure 7C provides an embodiment of the partial turn matrices 

utilized to interconnect MLA-2 and MLA-3 routing lines in a 4x4 

matrix composed of 4 2x2 matrices of logic blocks . It should be noted 

that the location of the individual switches in the partial turn 

matrices are arranged to balance the load on each line. In particular, it 

is desirable that the same number of switches are located on each line 

to maintain a constant load on each line. In the present embodiment 

this is accomplished by alternating the mirror images of the partial 

turn matrices such as is shown in Figure 7C. 

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 
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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 

described above. The floor plan of a single block is easily scalable to 

generate floor plans of multiple block structures. In the present 

embodiment, a 4x4 matrix of blocks including routing lines and turn 

matrices are scalable to larger matrices of blocks by simple replication 

and abutment of 4x4 matrices. 

The innovative floor plan will be described with reference to 

the embodiment shown in Figures SA and BB. One embodiment of 

the floor plan for a logic block is shown in Figure SA. Each logic 

cluster 800 includes the elements or the CFGs of the cluster 820 and 

the I-Matrix which is formed of the I-Matrix lines 841-846 and the 

memory and passgate array 830 which controls the selective 

connections between the I-Matrix lines and 1/0 lines 801-811 of the 

CFGs coupled to the elements of the cluster. I-Matrix extensions 840 
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formed of a small memory and passgate array are located b~een 

adjacent memory and passgate array 830 to selectively connect the !­

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

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 SA) 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 

connector tab networks, 410 is a mirror image of 450, 460 is a mirror 

image of 480, 440 is a mirror image of 430 and 470 is a mirror image of 

450. 

Continuing reference to Figure 7C, the mirroring is performed 

such that the programmable switches, i.e., switches that connect 
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elements to I-Matrix lines, switches that connect elements of clusters 

to block connector lines and switches that provide the I-Matrix 

extensions, corresponding to each block can be adjacent in the floor 

plan. As can be seen. in Figure SA, a 2x2 matrix can be designed to 

have memory and passgate arrays 830, 840 and 850 implemented as a 

contiguous block of memory 855. In addition to minimizing layout 

dead space, this floor plan simplifies manufacture as the majority of 

the die consists of memory arrays with small sections of logic (e.g., 

logic cluster 820). Furthermore, by providing groupings of memory 

arrays, the programming of the chip is simplified as simple X-Y 

addressing can be used. 

An additional benefit to the floor plan is that the arrangement 

of blocks eriables 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 SB 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 

SA. 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, 
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which includes the drivers located in the block connector tab 

networks, is separate from the memory and requires a small portion 

of the die. The turn matrix 884 is also composed of a memory and 

passgate array. The MLA lines, not shown, are preferably oriented in 

a parallel layer over memory and passgate arrays 880 and 884 to 

provide a simple means to control connectivity. 

This floor plan is scalable by replication of the arrangement 

shown in Figure SB~ As ~oted previously, however, to minimi7.e 

loading on the lines in the present embodiment that uses partial turn 

matrices, it is preferred that the partial turn matrices alternate in 

orientation such as is shown in Figure 7C. Once a 4X4 block matrix 

floor plan is· realized, the realization of larger matrices is achieved by 

replication of the 4x4 matrix and the abutment of the routing lines 

. and block 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 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. 
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CLAIM$ 
\ \\\\\ \\\~\\~ \\l \ \\\ 

... 

What is claimed is: 

1. A block connector tab network for interfacing a first logic 

block to at least one second logic block through bidirectional routing 

lines, said first logic block comprising a plurality of programmable 

interconnected configurable function generators (CFGs) for 

performing functions on signals, said }?lock connector tab network 

comprising: 

a first bidirectional input/ output line, at least one CFG of the 

first logic block programmably coupled to the first bidirectional 

input/ output line; · 

a first programmable switch coupled to the first bidirectional 

input/ output line; 

a first block connector tab line coupled to the first 

programmable switch and a first bidirectional input/output ~ne of the 

second logic block to provide a programmable connection between the 

first bidirectional input/ output line of the· first logic block and the first 

bidirectional input! output line of the second logic block; 

a plurality of second programmable switches coupled to the 

bidirectional routing lines; 

a first programmable driver coupled to the bidirectional 

input/ output line and the plurality of second programmable switches, 

said first programmable driver programmably driving a signal 
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received across the bidirectional input/ output line to the plurality of 

second programmable switches; 

a second programmable driver coupled to the bidirectional 

input/ output line and the plurality of second programmable switches, 

said second programmable driver programmably driving a signal 

received via a switch of the pl~ality of second programmable 

switches to the bidirectional input/output line. 

2. The block connector tab network as set forth in claim 2, 

further comprising a third programmable switch coupled between the 

bidirectional input/ output line and the fll"st programmable driver and 

second programmable driver. 

3. The block connector tab network as set forth in claim 2, 

further comprising a second block connector tab line originating from 

the block connector tab network of the second logic block, said second 

block connector tab line programmably coupled to the.bidirectional 

input/ output line. 

. 4. The block connector tab network as set forth in claim 1, 

wherein each first programmable switch and second programmable 

switches comprises a nonvolatile switching element. 

5. The block connector tab network as set forth in claim 1, 

wherein each first programmable switch and second programmable 
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switches is programmable according to a state of a bit stored in a 

me~ory. 

6. The block connector tab network as set forth in claim 1, 

wherein the first programmable driver is programmable according to 

a state of a first bit stored in memory and the second programmable 

driver is programmable according to a state of a second bit stored in 

memory. 

7. The block connector tab network as set forth in claim 1, 

wherein the first programmable driver is programmable according to 

a state of a first bit stored in memory and the second programmable 

driver iS pr~grammable according to. a complement of the state of the 

first bit. 

8. A logic device comprising: 

a plurality of logic blocks, each logic block. comprising a 

plurality of programmable interconnected configurable function 

generators (CFGs) for performing· functions on si~als; 

a first set of bidirectional routing-lines oriented in a first 

direction and second set of bidirectional routing lines oriented in a 

second direction for coupling the plurality of logic blocks; 

a plurality of block connector tab networks for interfacing each 

logic block of the plurality of logic blocks to the first set of 

.. 
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bidirectional routing lines, each block connector tab network 

. comprising; 

a first bidirectional input/ output line, each CFG of the 

logic block of the plurality of logic blocks programmably 

coupled to the first bidirectional input/ output line, 

a plurality of first programmable switches coupled to the 

first set of bidirectional routing lines, 

a first programmable driver coupled to the bidirectional 

input/output line and the plurality of first programmable 

switches, said first programmable driver progr;;immably driving 

a signal received aaoss the bidirectional input/ output line to 

the plurality of first programmable switches, and 

a second programmable driver coupled to the 

bidirectional input/ output line and the plurality of first 

programmable switches, said second programmable driver 

programmably driving a signal received via a switch of the 

plurality of first programmable switches to the bidirectional 

input/ output line; and 

a tum matrix comprising a plurality of third programmable 

switches, each switch programmably coupled between a routing line 

of the first set of routing lines and a routing line of the second set of 

routing lines. 

9. The logic device as set forth in claim 8, further 

comprising a second block connector tab line ori~inating as the first 
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block connector tab line from the block connector tab network of the 

adjacent logic block, said second block connector tab line 

programmably coupled to the bidirectional input/ output line. 

10. The logic device as set forth in claim 8, wherein the first 

set of bidirectional routing lines are oriented perpendicular to the 

second set of bidirectional routing lines. 

11. The logic device as set forth in claim 8, further 

comprising a plurality of the block connector tab networks for 

interfacing each logic block of the plurality of logic blocks to the second 

set of bidirectional routing lines. 

12. The logic device as set forth in claim 8, wherein each 

block connector tab network further com.prises: 

a second programmable switch coupled to the first 

bidirectional input/ output line, 

a first block connector tab line coupled to the second 

programmable switch and a first bidirectional input/ output line 

of an adjacent logic block to provide a programmable 

connection between the first bidirectional input/ output line of 

the logic block and the first bidirectional input/ output line of 

the adjacent logic block. 
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13. The logic device as set forth in claim 121 wherein each 

first programmable switch, second programmable switches and third _ 

programmable switches comprises a fuse. 

14. The logic device as set forth in claim 12, wherein each 

first programmable switch, second programmable switches and third 

programmable switches is programmable according to a state of a bit 

stored in a memory. 

15. The logic device as set forth in claim 8, wherein the turn 

matrix is a partial turn matrix selectively coupling a portion of the 

routing lines of the first set of routing lines and a portion of the 

routing lines of the second set of routing lines. 

16. The logic device as set forth in claim 8, wherein the turn 

matrix is a full coverage tum matrix selectively coupling each routing 

line of the first set of routing lines to a corresponding routing lines of 

the second set of routing lines. 

17. A logic device comprising: 

a plurality of logic blocks, each logic block comprising a 

plurality of programmable interconnected configurable function 

generators (CFGs) for performing functions on signals; 

a first set of bidirectional routing lines coupling the plurality of 

logic blocks; 
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a first block connector tab network for interfacing a first logic 

block of the plurality of logic blocks to a first portion of the first set of 

bidirectional routing lines said first block connector tab network 

comprising; 

a first bidirectional input/ output line, each CFG 

programmably coupled to the fJrst bidirectional input/ output 

line, and 

a plurality of first programmable switches coupled 

between the first bidirectional input/ output line and the first 

portion of the first set of bidirectional routing lines; 

a second block connector tab network for interfadng a second 

logic block of the plurality of logic blocks to a second portion of the 

first set of bidirectional routing lines .. said second block connector tab 

network comprising; 

a second bidirectional input/ output line, each CFG 

programmably coupled to the second bidirectional 

input/ output line, and 

a plurality of second programmable switches coupled 

between the second bidirectional input/ output line and the 

second portion of the first set of bidirectional routing lines; 

said first block connector tab network further comprising a first 

block connector tab line coupled to the first programmable switch and 

the second bidirectional input/ output line to provide a programmable 

connection between the first bidirectional input/output line of the. 
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first logic block and the second bidirectional input/ output line of the 

second logic block; and 

said second block connector tab network further comprising a 

second block connector tab line coupled to the third programmable 

switch and the first bidirectional input/ output line to provide a 

programmable connection between the second bidirectional 

input/output line of the second logic block and the first bidirectional 

~put/ output line of the first logic block; 

said first and second block connector tab networks 

programmable to respectively couple the first and second logic blocks 

to the second and first portions of the first set of bidirectional routing 

lines. 

18. The logic device as set for~h in claim 17, further 

comprising: 

a second set of bidirectional routing lines having a first portion 

and second portion, said first set of routing lines oriented in a first 

direction and said second set of bidirectional routing lines oriented in 

a second direction; 

a first tum matrix comprising a plurality of switches to 

selectively couple lines of the first portion of the first set of 

bidirectional routing lines to lines of the first portion of the second set 

of bidirectional routing lines; and 

a second turn matrix comprising a plurality of switches to 

selectively couple lines of the second portion of the first set of 
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bidirectional routing lines to lines of the second portion of the second 

set of bidirectional routing lines. 

19. The logic device as set forth in claim 17, further 

comprising: 

a second set of bidirectional routing lines· having a first portion 

and second portion, said first set of routing lines oriented in a first 

direction and said second set of bidirectional routing lines oriented in 

a second direction; and 

a turn matrix comprising a plurality of switches to selectively 

couple lines of the first set of bidirectional routing lines to lines of the 

second set of bidirectional routing lines. 

20. The logic device as set forth in claim 19, wherein the turn 

matrix is a partial tum matrix selectively coupling a portion of the 

routing lines of the first set of routing lines and a portion of the 

routing lines of the second set of routing lines. 

21. The logic device as set forth in claim 19, wherein the tum 

matrix is a full coverage tum matrix selectively coupling each routing 

line of the first set of routing lines to a corresponding routing lines of 

the second set of routing lines. 

22. The logic device as set forth in claim 17, wherein 
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said first block connector tab network further comprises a first 

programmable driver coupled to the first bidirectional input/ output 

line and the plurality of first programmable switches, said first 

programmable driver programmably driving a signal received across 

the first bidirectional input/output line to the plurality of first 

programmable switches, and a second programmable driver coupled 

to the first bidirectional input/ output line and the plurality of first 

programmable switches, said second programmable driver 

programmably driving a signal received via a switch of the plurality of 

first programmable switches to the first bidirectional input/ output 

line. 

23. The logic device as set forth in claim 17, wherein 

a .third programmable driver coupled to the second 

bidirectional input/ output line and the plurality of second 

programmable switches, said third programmable driver 

programmably driving a signal received across the second 

bidirectional input/ output line to the plurality of fourth 

programmable switches, and a fourth programmable driver coupled to 

the second bidirectional input/output line and the plurality of fourth 

programmable switches, said fourth programmable driver 

programmably drivh~g a signal received via a switch of the plurality of 

fourth programmable switches to the second bidirectional 

input/ output line. 
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24. A programmable device comprising a plurality of 

· elements that perform operations on signals, said elements 

programmably connectable to a plurality of levels of bidirectional 

. routing lines organized hierarchically wherein lines of each higher 

level of the hierarchy of bidirectional routing lines are longer than 

lines of an adjacent lower level, a routing line connector tab for 

interfacing· an element to levels of bidirectional routing lines higher 

than a predetermined level, said routing line connector· tab 

comprising: 

bidirectional input/output line, each element programmably 

coupled to the bidirectional input/ output line; 

a plurality of programmable switches coupled to the lines of 

levels of bidirectional routing lines higher than the predetermined 

level; 

a first programmable driver coupled to the bidirectional 

input/ output line and the plurality of programmable switches, said 

first programmable driver programmably driving a signal received 

across the bidirectional input/output line from lines of bidirectional 

routing lines lower than a predetermined level, to the plurality of 

programmable swit~es, such that the signal is selectively driven on a 

line of a level of bidirectional routing lines higher than the 

predetermined level; 

a second programmable driver coupled to the bidirectional 

input/ output line and the plurality of programmable switches, said 

second programmable driver programmably driving a signal received 
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from a line of a level of bidirectional routing lines higher than the 

predetermined level via a switch of the plurality of programmable 

switches to the bidirectional input/output line, such that the signal is 

driven on a line of bidirectional routing lines lower than the 

predetermined level. 

25. The programmable logic device as set forth in claim 24, 

wherein each switch of the plurality of programmable switches is 

programmably coupled to one line of the bidirectional routing lines 

higher than the predetermined level. 

26. The programmable logic device as set forth in claim 24, 

wherein· the first bidirectional input/output line comprises a set of 

first bidirectional input/ output lines. 

27. Th~ programmable logic device as set forth in claim 24, 

wherein each level of bidirectional routing lines comprises a plurality 

of sets of routing lines. 

28. The programmable logic device as set forth in claim 24, 

wherein the bidirectional routing lines comprise a first set oriented in 

a first direction and a second set oriented in a second direction, said 

programmable routing device comprising a plurality of routing line · 

connector tabs, at least one routing line connector tab selectively 

coupled to lines of the routing lines of a level higher than the 
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predetermined level in the first set of bidirectional routing lines and 

at least one second routing line connector tab selectively coupled to 

lines of the routing lines of a level higher than the predetermined 

level in the second set of bidirectional routing lines. 

29. A fine granularity programmable logic device 

comprising a plurality of interconnected logic clusters for performing 

operations on signals each said logic cluster comprising: 

a first element comprising first programmable combinatorial 

logic that receives at least two inputs and generates. a single first 

output; 

a second element comprising a second programmable 

combinatorial logic that receives three inputs and generates a single 

second output; 

a third element comprising a third programmable 

combinatorial logic that receives three inputs and generates a single 

third output; 

a register having an input and an output; 

an interconnection matrix comprising a set of interconnection 

matrix lines and programmable switches that programmably 

interconnect inputs and outputs of the first, second and third outputs 

and the register; 

at least one first direct input line and switch that programmably 

c0uples the output of the second element to the input of the register; 

and 
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at least one second direct input line and switch that 

programmably couples the output of the third element to the input of 

the register. 

30. The fine granularity logic device as set forth in claim 29 

wherein the register is programmably coupled to the inter~ecti.on 

•· matrix by programmably coupling the output of the register to the 

output of the second element and the third element such that the 

output of the register is routed to the interconnection matrix through 

a coupling of the output of the second element or third element to the 

interconnection matrix. 

31. The fine granularity logic device as set forth in claim 29, 

wherein the register is a D flip flop. 

32. The fine granularity logic device as set forth in claim 29, 

wherein the first logic device comprises no more than two and no less 

than three inputs. 

33. The fine granularity logic device as set forth in claim 29 

wherein the interconnection matrix of a logic cluster is programmably 

coupled to adjacent logic clusters through programmable extensions 

interconnecting elements of adjacent logic clusters. 
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34. In a programmable logic device comprising a plurality of 

logic elements, a method for interconnecting the logic elements 

comprising the steps of: 

routing resources of a first group of hierarchical routing, said 

resources of the first group comprising at least one level of first 

bidirectional routing lines, and at least one bidirectional tab routing 

line; 

routing resources of a second group of hierarchical routing, said 

resources of the second group comprising at least one level of second 

bidirectional routing lines; 

programmably coupling a connector tab network between at 

least one bidirectional tab routing line and the second bidirectional 

routing lines, said connector tab network comprising at least one 

programmable driver for programmably driving a signal received 

from the bidirectional tab routing line to a selected second 

bidirectional routing line and a signal received from a selected second 

bidirectional routing line to the bidirectional tab routing line. 

35. The method as set forth in claim 341 wherein each 

succeeding higher level of comprises first bidirectional routing lines 

having a length a factor greater than the length of first bidirectional 

routing lines of a preceding lower level. 
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36. The method as set forth in claim 35, wherein the 

bidirectional tab routing line has a length corresponding to the highest 

level of first bidirectional routing lines. 

37. The method as set forth in claim 34, further comprising 

the step of sizing a signal driver that drives a signal from the 

bidirectional tab routing line to the selected second bidirectional 

routing line is of sufficient size to drive the highest level of second 

bidirectional routing lines. 

38. The method as set forth in claim 37, wherein the at least 

one signal driver comprises two signal drivers wherein said first 

signal driver that drives a signal from the bidirectional tab routing 

line to a selected second bidirectional routing line is larger than the 

second signal driver that drives a signal from the selected second 

. bidirectional routing line to the bidirectional tab routing line. 


