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(57) ABSTRACT 

A programmable logic array integrated circuit device has 
logic regions grouped in blocks, Which are in turn grouped 
in super-blocks. The super-blocks are disposed on the device 
in a two-dimensional array of intersecting roWs and col 
umns. Global conductors are associated With each roW and 
column. Super-block feeding conductors associated With 
each super-block feed signals from the global conductors to 
any logic region in the super-block. Local feedback conduc 
tors feed back logic region output signals to all logic regions 
in a block. The super-block feeding conductors are also used 
to interconnect the logic regions in a super-block so that the 
global conductors do not have to be used for that purpose. 
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PROGRAMMABLE LOGIC ARRAY INTEGRATED 
CIRCUITS WITH BLOCKS OF LOGIC REGIONS 

GROUPED INTO SUPER-BLOCKS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional patent application No. 60/015,267, ?led Apr. 11, 
1996. 

[0002] This is a continuation of application Ser. No. 
09/208,124, ?led Dec. 9, 1998, Which is a division of 
application Ser. No. 08/672,676, ?led Jun. 28, 1996, Which 
is a continuation-in-part of application Ser. No. 08/442,832, 
?led May 17, 1995, and application Ser. No. 08/442,802, 
?led May 17, 1995, all of Which are hereby incorporated by 
reference herein in their entireties. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to programmable logic array 
integrated circuits, and more particularly to improved orga 
niZations of the logic regions and interconnection conduc 
tors of such devices. 

[0004] Several different “architectures” for programmable 
logic array devices are knoWn. Pedersen et al. US. Pat. No. 
5,260,610, for eXample, shoWs programmable logic array 
devices in Which blocks of programmable logic regions are 
disposed on the device in a tWo-dimensional array of inter 
secting roWs and columns of such blocks. Each block 
includes a plurality of logic regions and a plurality of local 
feedback conductors for making the output of any logic 
region in the block selectively available as an input to any 
logic region in that block. Global horiZontal conductors are 
associated With each roW of blocks for conveying signals 
betWeen the blocks in that roW. Global vertical conductors 
are associated With each column of blocks for conveying 
signals from roW to roW. 

[0005] The Pedersen et al. architecture has many advan 
tages such as relatively high-speed signal conduction due to 
the continuous, long, global horiZontal and vertical conduc 
tors. In some applications, hoWever, this architecture may 
have certain disadvantages. For eXample, the blocks are 
relatively large (e.g., 16 logic regions each), so that rela 
tively large numbers of programmable sWitches or connec 
tors are required in the local feedback circuitry in each block 
to make the output of each region available as a possible 
input to any logic region in the block. 

[0006] Another possible disadvantage is that any intercon 
nection betWeen blocks uses up at least one global conduc 
tor, even though the interconnection may be relatively short 
(e.g., just to an adjacent block). Also, because the logic 
region inputs are fed directly from the global horiZontal 
conductors, each global horiZontal conductor has many 
programmably sWitchable taps along its length. These taps 
cause signi?cant loading of the global horiZontal conductor 
circuits, Which tends to increase the poWer required to drive 
those circuits, and Which also tends to make those circuits 
not as fast as they Would be With feWer programmable taps. 

[0007] An architecture Which addresses some of the pos 
sible disadvantages of the Pedersen et al. architecture is 
shoWn in Cliff et al. US. Pat. No. 5,260,611. The Cliff et al. 
architecture reduces the number of sWitchable taps on the 

Nov. 22, 2001 

global horiZontal conductors by tapping those conductors to 
block input conductors associated With each block, the 
number of taps and the number of block input conductors 
associated With each block being less than the total number 
of inputs to the logic regions in the block. Each block input 
conductor is programmably selectively connectable to any 
logic region in the block, although the number of logic 
regions in each block is reduced from 16 to eight as 
compared to the Pedersen et al. architecture. 

[0008] While the Cliff et al. architecture offers some 
possible improvements over the Pedersen et al. architecture, 
it does not improve on the Pedersen et al. architecture in 
other respects. The Cliff et al. architecture still requires an 
entire global horiZontal or vertical conductor to be used for 
even relatively short interconnections betWeen blocks. And 
the Cliff et al. architecture still requires that relatively large 
programmable connector matrices be provided in each block 
to make the output of each logic region in the block, as Well 
as each block input conductor, available as an input to any 
logic region in the block. For eXample, to make any of eight 
logic region output signals and any of 24 block input 
conductors available as inputs to any of the four adjacent 
conductors to make longer conductors is shoWn in El Gamal 
et al., “An Architecture for Electrically Con?gurable Gate 
Arrays,” IEEE Journal of Solid-State Circuits, Vol. 24, No. 
2, April 1989, pp. 394-98; El-Ayat et al., “A CMOS Elec 
trically Con?gurable Gate Array,” IEEE Journal of Solid 
State Circuits, Vol. 24, No. 3, June 1989, pp. 752-62; and 
Elgamal et al. US. Pat. No. 4,758,745). This architecture is 
not reprogrammable. Thus it uses one-time-only program 
mable connection elements that tend to be smaller and have 
less circuit loading and signal delay than typical reprogram 
mable connection elements. With such small one-time-only 
programmable elements it may be acceptable to provide 
eXcess interconnection capacity (e.g., regions of intercon 
nection Which are very densely or even fully populated With 
programmable connection elements) and to rely extensively 
on piecing together multiple short conductors to make 
longer conductors. But When a device is to be made repro 
grammable, the larger siZe, loading, and delay of reprogram 
mable connection elements puts much greater pressure on 
the device designer to economiZe as much as possible on the 
use of such elements, Without, of course, unduly sacri?cing 
?exibility in the use of the resulting device. Similar econo 
mies are also of interest in connection With one-time-only 
programmable devices, especially as the logic capacity of 
those devices increases. 

[0009] In vieW of the foregoing, it is an object of this 
invention to provide improved organiZations for the logic 
regions and interconnection conductors of programmable 
logic array integrated circuit devices. 

[0010] It is another object of this invention to provide 
programmable logic array integrated circuit devices having 
more effective signal routing, high speed, and greater logic 
capacity per unit of silicon area. 

[0011] It is still another object of this invention to reduce 
the number of programmable sWitches or connectors that 
must be provided in programmable logic array devices, to 
reduce the number of global conductors that must be pro 
vided in such devices, and to avoid the piecing together of 
large numbers of short interconnections conductors that is 
characteristic of some prior devices. 
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SUMMARY OF THE INVENTION 

[0012] These and other objects of the invention are accom 
plished in accordance With the principles of the invention by 
providing programmable logic array integrated circuit 
devices in Which the blocks of logic regions are grouped 
together in super-blocks of several (e.g., four) blocks each. 
The super-blocks are typically disposed on the integrated 
circuit in a tWo-dimensional array of intersecting roWs and 
columns. Global horiZontal conductors are associated With 
each roW of super-blocks for making interconnections 
betWeen super-blocks in the associated roW. Global vertical 
conductors are associated With each column of super-blocks 
for making interconnections betWeen the roWs. 

[0013] Each block has local feedback conductors for mak 
ing the outputs of the logic regions in that block available to 
the inputs of the logic regions in the block. The outputs of 
the logic regions in each super-block are also applied to 
inter-block conductors associated With that super-block in 
order to facilitate application of the outputs of the logic 
regions of each block to the logic regions of other blocks in 
the same super-block. 

[0014] Super-block feeding conductors associated With 
each super-block alloW signals on the associated global 
horiZontal conductors to enter the super-block. These super 
block feeding conductors can also receive the signals on the 
inter-block conductors associated With the super-block. Pro 
grammable sWitch or logic connector matrices are associated 
With each super-block for selectively connecting the inputs 
of each logic region in the super-block to the associated 
super-block feeding conductors and also to the local feed 
back conductors of the block Which includes that logic 
region. The inter-block conductors are additionally used to 
convey signals out of each super-block to the global hori 
Zontal and vertical conductors. 

[0015] Because of the availability of alternate local feed 
back routes through the inter-block and super-block feeding 
conductors, the programmable logic connector matrices 
connecting the logic region inputs to the associated local 
feedback conductors can be less than fully populated. This 
saves a considerable number of programmable logic con 
nectors. The provision of the inter-block conductors greatly 
reduces the need for global conductors to make connections 
betWeen blocks. The use of one set of super-block feeding 
conductors to feed several blocks (e.g., the four blocks in a 
super-block) makes more ef?cient use of this type of 
resource. 

[0016] Further features of the invention, its nature and 
various advantages Will be more apparent from the accom 
panying draWings and the folloWing detailed description of 
the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a simpli?ed schematic block diagram of 
a portion of an illustrative programmable logic array inte 
grated circuit device constructed in accordance With the 
principles of this invention. 

[0018] FIG. 2 is a more detailed, but still simpli?ed, 
schematic block diagram of a representative portion of the 
apparatus shoWn in FIG. 1. 

[0019] FIG. 3 is a more detailed, but still simpli?ed, 
schematic block diagram of a representative portion of the 
apparatus shoWn in FIG. 2. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] As shoWn in FIG. 1, an illustrative programmable 
logic array integrated circuit device 10 constructed in accor 
dance With the principles of this invention includes a tWo 
dimensional array of super-blocks 20 of regions of program 
mable logic. Super-blocks 20 are disposed on device 10 in 
three intersecting roWs and columns of three super-blocks 
each. A plurality of global horiZontal conductors 30 is 
associated With each roW. In the illustrative embodiment 
shoWn, there are 66 such global horiZontal conductors 30 
associated With each roW. A plurality of global vertical 
conductors 40 is associated With each column. In the illus 
trative embodiment shoWn, there are 22 global vertical 
conductors 40 associated With each column. 

[0021] The construction of a representative super-block 20 
is shoWn in more detail in FIG. 2. As FIG. 2 shoWs, each 
super-block includes four programmable logic region blocks 
50, a representative one of Which is shoWn in more detail in 
FIG. 3. Each block 50 includes eight regions 60 of pro 
grammable logic. Although other constructions of logic 
regions 60 are possible, in the depicted preferred embodi 
ment each region 60 includes a universal logic block 
(“ULB”) (e.g., a look-up table) Which is programmable to 
produce as an output signal 64 any logical combination of 
four inputs 62 to the ULB. Each region 60 may also include 
a ?ip-?op-type device for registering the output of the ULB, 
and programmable circuitry for alloWing the ?nal output of 
the logic region to be either the unregistered output of the 
ULB or the output of the ?ip-?op-type device. The ?ip 
?op-type device may have clock, clear, and preset inputs, 
and the logic region may include specialiZed circuitry to 
perform arithmetic and/or counter functions associated With 
some or all of the ULB inputs. An eXample of a logic region 
having all of the foregoing characteristics is shoWn in Cliff 
et al. US. Pat. No. 5,274,581. 

[0022] The above-described construction of logic regions 
60 is only illustrative, and those skilled in the art Will 
appreciate that many other logic region constructions are 
possible. For eXample, logic regions 60 could alternatively 
be implemented as product-term-based macrocells. 

[0023] As FIG. 3 shoWs, each block 50 includes local 
feedback conductors 66 for making the outputs 64 of the 
logic regions in that block available as inputs to the logic 
regions in the block. Programmable logic connectors 
(“PLCs”) 68 (controlled by programmable memory ele 
ments such as random access memory (“RAM”) cells on 
device 10) are provided for selectively connecting local 
feedback conductors 66 to logic region input conductors 62. 
Although other population densities are possible for the 
inputs to PLCs 68, in the depicted preferred embodiments 
each PLC 68 has a suf?cient number of inputs to make half 
the possible connections betWeen the eight local feedback 
conductors 66 and the associated region input conductor 62. 
These PLC 68 inputs for an entire block are preferably 
distributed evenly among all the conductors 66 associated 
With that block. Thus each conductor 66 has tWo chances for 
connection to the inputs to each logic region 60, and each 
logic region is input conductor 62 is connectable to four of 
the eight local feedback conductors 66. The crosspoint 
region betWeen conductors 66 and conductors 62 may 
therefore be referred to as “half populated”. This greatly 
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reduces the number of PLC inputs in the local feedback 
circuitry of block 50 as compared to the fully populated 
interconnection in the feedback circuitry of such prior 
architectures as are shoWn in Pedersen et al. US. Pat. No. 

5,260,610 and Cliff et al. US. Pat. No. 5,260,611. 

[0024] PLCs 68 (and other PLCs used throughout device 
10) can be implemented in any of many different Ways. For 
example, each PLC can be a relatively simple programmable 
connector such as a sWitch or a plurality of sWitches for 
connecting an input or any one of several inputs to an output. 
Or each PLC can be a someWhat more complex element 
Which is capable of performing logic (e.g., by logically 
combining several of its inputs) as Well as making a con 
nection. In the latter case, for example, each PLC can be 
product term logic, implementing functions such as AND, 
NAND, OR, or NOR. Because the connection capabilities of 
PLCs tend to be of basic importance in relation to the present 
invention, these devices Will sometimes be referred to herein 
as sWitches or the like, even though it Will be understood that 
in some embodiments the PLCs may additionally perform 
logic as has been explained. Examples of components suit 
able for implementing PLCs are EPROMs, EEPROMs, pass 
transistors, transmission gates, antifuses, laser fuses, metal 
optional links, etc. The components of PLCs can be con 
trolled by various, programmable, function control elements 
(“FCEs”), Which are not separately shoWn in the draWings. 
(With certain PLC implementations (e.g., fuses and metal 
optional links) separate FCE devices are not required.) FCEs 
can also be implemented in any of several different Ways. 
For example, FCEs can be SRAMS, DRAMs, ?rst-in ?rst 
out (“FIFO”) memories, EPROMs, EEPROMs, function 
control registers (e.g., as in Wahlstrom US. Pat. No. 3,473, 
160), ferro-electric memories, fuses, antifuses, or the like. 
Any of these various technologies can also be used for the 
programmable memories of the ULBs. Thus this invention is 
applicable both to one-time-only programmable devices and 
to reprogrammable devices. HoWever, the especially pre 
ferred embodiments are reprogrammable because repro 
grammable devices tend to bene?t more from the economies 
of interconnection resources Which result from use of this 
invention. 

[0025] FIG. 3 further shoWs that the outputs 64 of logic 
regions 60 in each block 50 are also applied to inter-block 
conductors 70 that are associated With the super-block 20 
Which includes that block. 

[0026] Returning to the discussion of FIGS. 1 and 2, each 
super-block 20 receives signals from the associated global 
horiZontal conductors 30 via 44 super-block feeding con 
ductors 80 that serve that super-block. Conductors 80 
receive signals from conductors 30 via PLCs 32. Again, 
although other densities of interconnections 32 are possible, 
in the depicted preferred embodiment each conductor 30 has 
four chances for connection to the conductors 80 feeding 
each super-block 20 associated With that conductor. These 
possible connections are distributed evenly over the con 
ductors 80 associated With each super-block. 

[0027] Super-block feeding conductors 80 are selectively 
connectable to logic region input conductors 62 by PLCs 82. 
The density of the inputs to PLCs 82 is similar to the density 
previously described for PLCs 68 (although PLCs 82 could 
have a different input density if desired). Thus the intersec 
tions of conductors 80 and 62 are 50% populated With 
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possible interconnections 82. Each of conductors 80 there 
fore has tWo chances to get into each of the 32 logic regions 
60 in the associated super-block 20. The interconnections 
that PLCs 82 can make are preferably distributed uniformly 
among the 128 logic region input conductors 62 and the 44 
super-block feeding conductors 80 in the super-block. 

[0028] Super-block feeding conductors 80 can also receive 
output signals of the logic regions 60 in the super-block 
associated With those conductors. This is accomplished via 
the above-mentioned inter-block conductors 70 and PLCs 
72, Which selectively connect conductors 70 to conductors 
80. This signal routing alloWs the output of any logic region 
60 in a super-block 20 to be made available as an input to 
any logic region in that super-block Without having to go 
outside the super-block to make the interconnection. In 
particular, it is not necessary to use any of global conductors 
30 and 40 to make interconnections among the logic regions 
60 in a super-block 20. Again, different densities of PLCs 72 
can be used if desired, but in the depicted preferred embodi 
ment each of the 32 inter-block conductors 70 is connectable 
to a respective one of conductors 80 via a sWitch 72. 

[0029] Inter-block conductors 70 are also used as the 
conduit by Which the output signals of the logic regions 60 
in each super-block 20 can exit from the super-block. As 
vieWed in FIG. 2, each of the 16 logic region output signals 
of the tWo left-hand blocks 50 can be applied to any one of 
the 11 conductors 90 that extend to the left from the 
left-hand PLC 74 in FIG. 2. Similarly, each of the 16 logic 
region output signals of the tWo right-hand blocks 50 can be 
applied to any one of the 11 conductors 90 that extend to the 
right from the right-hand PLC 74 in FIG. 2. Each of 
conductors 90 can drive a respective one of the 22 global 
vertical conductors 40 associated With the super-block that 
includes those conductors 90 via tri-state drivers 92 (Which 
are a form of PLC) and conductors 93. The states of drivers 
92 are programmably controlled in the same Way that the 
various PLCs are controlled. Each of conductors 90 can 
alternatively or additionally drive a respective one of the 
global horiZontal conductors 30 associated With the super 
block that includes those conductors 90 via a PLC 94, a 
tri-state driver 96, and a conductor 97. Drivers 96 are 
programmably controlled in the same manner as drivers 92. 
Elements 94 and 96 can alternatively be used to connect 
global vertical conductors 30 associated With a super-block 
to global horiZontal conductors 40 that are also associated 
With that super-block. (Connections 98 from conductors 30 
are used as part of these circuit paths.) This permits com 
munication of signals betWeen the roWs on device 10. (It Will 
be understood that each element 92, 94, and 96 shoWn in 
FIG. 2 actually represents 11 such elements. Each of ele 
ments 94 has tWo inputs 98 in addition to its one input 90.) 

[0030] Connections to and from chip 10 are made via 
PLCs and/or programmable tri-state drivers connected 
betWeen conductors 30 and 40 and input and/or output pads 
disposed along the edges of the chip. This is not shoWn 
herein, but it may be similar to What is shoWn, for example, 
in FIGS. 6a and 6b of Cliff et al. US. Pat. No. 5,260,611. 
Also, although not shoWn herein, it Will be apparent to those 
skilled in the art that additional conductors can be provided 
on device 10 to supply various clock, clear, preset, etc. 
signals to logic regions 60. 

[0031] The operation and advantages of the foregoing 
structure Will be apparent from What has been said regarding 
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it. The formation of the super-blocks uses many fewer FCE 
bits and interconnection Wires than four blocks not formed 
into a super-block as in the above-mentioned Cliff et al. 
architecture. This translates to a smaller layout area for the 
same amount of programmable logic. The trade off for this 
is some reduction in the ?exibility of interconnect Within the 
super-block. This is compensated for by creating more 
?exibility in getting signals to the super-block by alloWing 
each global horiZontal conductor 30 four Ways into the 
super-block. The PCB and interconnection cost for this 
increased ?exibility is small compared to savings by using 
the super-block. 

[0032] Because communication Within the super-block 
does not require the use of global horiZontal conductors, 
feWer such conductors are needed as compared to the 
above-mentioned Pedersen et al. and Cliff et al. architec 
tures. This communication, on shorter inter-block conduc 
tors 70, is faster than if a global horiZontal conductor Were 
needed as in the prior architectures. In comparison to the 
above-mentioned Freeman et al. architecture, the present 
architecture is faster because there is no stitching of lines 
together, Which adds RC loading and losses, and Which 
sloWs signal propagation. The same is true of a comparison 
betWeen the present architecture and the architecture shoWn 
in the above-mentioned El Gamal, El-Ayat, and Elgamal 
references. 

[0033] The density of the population of PLCs 68 betWeen 
local feedback conductors 66 and logic region input con 
ductors 62 can be much less (illustratively one-half) the 
density of the approximately analogous PLCs in the above 
mentioned Pedersen et al. and Cliff et al. architectures. The 
PLC population density betWeen conductors 80 and 62 is 
similarly reduced as compared to the functionally approxi 
mately similar portions of the Cliff et al. architecture. 

[0034] Conductors 80 serve multiple blocks 50 of logic 
regions, rather than just one block as in the Cliff et al. 
architecture. This makes more ef?cient use of these conduc 

tors and the PLCs 32 that drive them. Conductors 80 are also 

put to additional uses including (1) providing additional 
paths for local feedback Within a block, and (2) providing 
interconnections betWeen the blocks 50 in a super-block 20. 
As has been said, this latter feature reduces the need to use 
long global conductors 30 and 40 to make interconnections 
betWeen adjacent blocks 50. 

[0035] Still another advantage of the structures of this 
invention is the greater sharing of the resources used to 
selectively connect the logic region outputs 64 to global 
conductors 30 and 40. Instead of each logic region having its 
oWn dedicated set of output circuits, many of these compo 
nents are noW shared by several logic regions. Thus, for 
example, 11 drivers 92 and 96 are shared by 16 logic 
regions, thereby reducing the number of such drivers that 
must be provided. 

[0036] It Will be understood that the foregoing is only 
illustrative of the principles of the invention, and that 
various modi?cations can be made by those skilled in the art 
Without departing from the scope and spirit of the invention. 
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For example, the number of logic regions 60 per block 50 
can be changed if desired. The number of blocks 50 per 
super-block 20 can also be changed if desired. The total 
number of super-blocks 20 can also be changed, as can the 
numbers of roWs and columns of super-blocks. Changes of 
the type suggested above may necessitate different numbers 
of global conductors 30 and/or 40, different numbers of 
super-block feeding conductors 80, different numbers of 
inter-block conductors 70, different numbers of local feed 
back lines 66, etc. Different PLC population densities may 
also be used. Logic regions 60 may also be constructed 
differently than has been described for the illustrative 
embodiment. 

The invention claimed is: 
1. A programmable logic array integrated circuit device 

comprising: 

a plurality of logic regions, each of Which has a plurality 
of input terminals and at least one output terminal, and 
each of Which is programmable to produce at its output 
terminal an output logic signal Which is any of a 
plurality of logic functions of input logic signals 
applied to its input terminals, said logic regions being 
grouped in a plurality of blocks such that each of said 
blocks includes a respective sub-plurality of adjacent 
ones of said logic regions, and said blocks being 
grouped in a plurality of super-blocks such that each of 
said super-blocks includes a respective sub-plurality of 
adjacent ones of said blocks; 

a plurality of inter-super-block circuits con?gured to 
convey signals betWeen the super-blocks; 

a plurality of super-block-feeding circuits associated With 
each of said super-blocks and disposed adjacent the 
logic regions of the associated super-block; 

a ?rst programmable logic connector array associated 
With each of said pluralities of super-block-feeding 
circuits and con?gured to selectively connect said 
super-block-feeding circuits to the inter-super-block 
circuits; and 

a second programmable logic connector array associated 
With each of said pluralities of super-block-feeding 
circuits and con?gured to selectively connect said 
super-block-feeding circuits to the input terminals of 
the logic regions in the super-block With Which said 
super-block-feeding circuits are associated. 

2. The device de?ned in claim 1 further comprising: 

a plurality of local feedback circuits associated With each 
of said super-blocks and con?gured to locally feed back 
to input terminals of the logic regions in said super 
block the output logic signals of the logic regions in 
said super-block. 

3. The device de?ned in claim 1 further comprising: 

a third programmable logic connector array associated 
With each of said super-blocks and con?gured to selec 
tively connect the output terminals of the logic regions 
in said super-block to the inter-super-block circuits. 

4. The device de?ned in claim 1 Wherein the super-blocks 
are disposed on the device in a tWo-dimensional array of 
intersecting roWs and columns of said super-blocks. 
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5. A programmable logic device comprising: 

a plurality of repetitions of all elements de?ned in claim 
1; and 

interconnection circuitry con?gured to convey signals 
betWeen said repetitions. 

6. The device de?ned in claim 5 Wherein each of said 
repetitions is disposed on the device in a respective one of 
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a plurality of roWs, and Wherein the interconnection circuitry 
includes conductors that eXtend transverse to said roWs. 

7. The device de?ned in claim 6 Wherein the inter-super 
block circuits in each of said repetitions include additional 
conductors that eXtend substantially parallel to the roWs. 


