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1. 

PROGRAMMABLE LOGIC DEVICES WITH 
SPARE CIRCUITS FOR REPLACEMENT OF 

DEFECTS 

BACKGROUND OF THE INVENTION 

This invention relates to programmable logic devices, 
and more particularly to programmable logic array 
integrated circuits with spare circuits for replacement 
of other circuits which may be defective. 
So et al. U.S. Pat. No. 4,899,067, shows programma 

ble logic devices having sum-of-products logic which is 
subdivided into relatively small units called macrocells. 
In order to salvage parts which may have been defec 
tively manufactured, the So et al. patent shows includ 
ing extra macrocells (or extra word lines or bit lines 
which form portions of the macrocells or the structures 
used for interconnecting the macrocells). When a mac 
rocell (or a word line or bit line) is found to be defec 
tive, the defective circuitry is switched out of service 
and the spare circuitry is switched into service to make 
up for the capacity that would otherwise be lost. In this 
way parts which would otherwise have to be scrapped 
can be salvaged and used exactly as though they were 
defect-free. 
The So et al. invention works extremely well. How 

ever, because the replacement of defective parts takes 
place on the relatively small-scale level of individual 
macrocells (or individual word lines orbit lines), a rela 
tively large amount of additional control circuitry is 
required. For example, in products of the size described 
in the So et al. patent (e.g., the so-called Max 5000 
EPLD available from Altera Corporation of San Jose, 
Calif.) over 2000 fuses are required to control the use of 
the spare circuitry. This is a substantial "overhead pen 
alty” to allow defective parts to be salvaged and used. 
Also, while "repair' on a relatively small-scale basis (as 
in the So et al. patent) is good for "point' or relatively 
small defects, it would be desirable to have a strategy 
for repair on a larger scale, which strategy would be 
more effective for repairing larger or more severe de 
fects. 

In view of the foregoing, it is an object of this inven 
tion to improve and simplify the provision and use of 
spare circuits in programmable logic devices. 

It is another object of this invention to provide pro 
grammable logic devices with spare circuits for replace 
ment of defective circuits on a relatively large scale so 
that the overhead associated with controlling the use of 
the spare circuits can be substantially reduced and so 
that larger or more severe defects can be more effec 
tively overcome. 

SUMMARY OF THE INVENTION 

These and other objects of the invention are accom 
plished in accordance with the principles of the inven 
tion by identifying relatively large, repeating portions 
of a programmable logic device which have relatively 
few connections to other circuitry, and providing spare 
circuitry for replacing such a portion in its entirety in 
the event that such a portion is found to be defective. In 
order to control use of the spare circuitry, control cir 
cuitry is provided for switching the programming sig 
nals that would normally go to a defective circuit por 
tion to another non-defective circuit portion. Control 
circuitry is also provided for switching data inputs that 
would normally go to the defective circuit portion to 
the non-defective circuit portion. Control circuitry also 

5 

O 

15 

25 

35 

40 

45 

50 

55 

65 

2 
switches data outputs from the non-defective portion 
back to the destinations of the outputs of the defective 
circuitry. Accordingly, the circuit as a whole functions 
just as though it were defect-free. For example, the 
external input and output pins are used identically re 
gardless of whether the circuit is in fact perfect, or has 
been repaired by the use of the spare circuitry. Simi 
larly, the chip accepts exactly the same programming 
data whether perfect or repaired. Because defective 
circuitry is replaced on a relatively large scale, rela 
tively few additional elements are required to control 
such replacement. The overhead penalty for controlling 
the spare circuitry is therefore relatively small. 

Further features of the invention, its nature and vari 
ous advantages, will be more apparent from the accom 
panying drawings and the following detailed descrip 
tion of the preferred embodiments. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of an illustrative 
programmable logic array integrated circuit which can 
be constructed in accordance with the principles of this 
invention. 
FIG. 2 is a more detailed, but still simplified sche 

matic block diagram of representative portions of the 
circuit of FIG. 1 showing an illustrative embodiment of 
this invention. 
FIG. 3 is a simplified block diagram of a portion of 

the circuit of FIG. 1 showing how programming signals 
and certain other signals are redirected around defec 
tive circuitry in an embodiment of the invention such as 
is shown in FIG. 2. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

For purposes of illustration the invention will be 
described in the context of programmable logic array 
integrated circuits of the type shown in U.S. Pat. No. 
5,260,611, which is hereby incorporated by reference 
herein. It will be understood, however, that the inven 
tion is equally applicable to many other types of pro 
grammable logic devices. 
As shown in FIG. 1, an illustrative programmable 

logic array integrated circuit 10 which can be con 
structed in accordance with this invention includes the 
following elements: (1) RAM (random access memory) 
array 20 in which the device performs digital logic as 
will be described in more detail below; (2) a first (serial) 
data register 30 into which data needed to program 
array 20 is shifted (e.g., from left to right as viewed in 
FIG. 1); (3) a second (parallel) data register 40 into 
which programming data from register 30 is shifted in 
parallel each time register 30 has been filled; (4) test 
register 50 for receiving programming data passed 
through all of the memory elements in array 20 from 
register 40 in order to test the proper functioning of the 
memory elements; (5) address register 60 for succes 
sively addressing horizontal rows of memory elements 
in array 20 to cause the addressed memory elements to 
store the programming data applied to them from regis 
ter 40; and (6) fuse register 70 for controlling the use of 
the spare circuits in array 20 which are provided in case 
regular circuits in array 20 are found to be defective. 
The logic in array 20 is subdivided into units called 

logic array blocks (“LABS”) 22. As viewed in FIG. 1 
LABs 22 are arranged in horizontal rows and vertical 
columns. In the depicted illustrative embodiment there 
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are 21 columns of "regular' LABs 22 and one column 
(i.e., the left-most column) of "spare' LABs 22. Each 
regular and spare column has six LABs 22. 
Each of LABs 22 is in turn subdivided into eight logic 

modules 24. Each logic module is capable of performing 
a relatively simple logical operation (e.g., providing an 
output signal which is any logical function of four input 
signals applied to the logic module). 
Not shown in FIG. 1, but shown in FIG. 2 and also 

shown in above-mentioned U.S. Pat. No. 5,260,611, 
array 20 also includes a network of conductors for inter 
connecting logic modules 24 in various ways so that 
much more complex logic functions can be performed 
by combining logic module output signals. (FIG. 2 
shows portions of two representative LAB columns N 
and N-1.) In particular, several “global horizontal' 
conductors 26 are associated with each horizontal row 
of LABs 22. Similarly, several "global vertical' con 
ductors 28 are associated with each vertical column of 
LABs 22. Only a few of these global conductors are 
shown in FIG. 2 to avoid over-complicating the draw 
ing. For example, there may actually be approximately 
168 global horizontal conductors 26 associated with 
each LAB row and 16 global vertical conductors 28 
associated with each LAB column. FIG. 2 is also sim 
plified by omitting amplifier or driver circuits which are 
typically provided on many of the depicted conductors. 
Some of these omitted elements may be programmable 
tri-state drivers. 
The output signal of each logic module 24 is applied 

to two of the vertical conductors 28 associated with the 
LAB column which includes that logic module. The 
output signal of each logic module 24 can also be ap 
plied via associated switches 25 and 72 to a respective 
one of the global horizontal conductors 26 associated 
with the LAB row which includes that logic module. 
Assuming that neither of columns N and N-1 is in 
volved in any shifting of functions to make up for a 
circuit defect occurring in a column to the right, the 
output signal of the switch 25 in each column is applied 
to a global horizontal conductor via the associated 
switch 72 in that column. (For reasons which will be 
come more apparent as the discussion proceeds, the 
left-most spare LAB column is like all other columns in 
that it includes global vertical conductors 28. It also 
includes switches 25. But it does not include its own set 
of switches 72 and connections to global horizontal 
conductors 26.) Each switch 25 can alternatively be 
used to connect one of two of the associated global 
vertical conductors 28 to the global horizontal conduc 
tor 26 associated with that switch 25. Again, assuming 
that neither of columns N and N-1 is involved in any 
shifting of functions associated with the use of the spare 
LAB column, this connection is made via the switch 72 
in the same column as the switch 25 providing the signal 
to be connected. 
The signals on any of several (e.g., four) of the global 

horizontal conductors 26 associated with the row in 
cluding a logic module 24 can be applied as inputs to the 
logic module via the associated programmable logical 
connection device 23. As noted above, the output signal 
of each logic module 24 is preferably programmable to 
be any logical function of these inputs. Alternative or 
additional inputs to each logic module may be the out 
put of the same logic module or other logic modules in 
the same LAB 22. This last point is shown and de 
scribed in more detail in above-mentioned U.S. Pat. No. 
5,260,611. 
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4. 
The foregoing describes the flow of logic signals 

within device 10, primarily when neither of columns N 
and N-1-1 is involved in any shifting of functions associ 
ated with the use of the spare left-most column. FIG.2 
also shows some of the circuitry 30, 40, 50, etc. associ 
ated with initially programming device 10, and also 
some of the input/output pins 80 usable for applying 
external data signals to or obtaining data output signals 
from device 10. 

Considering first the programming circuitry, serial 
data register 30 is made up of a plurality of shift register 
stages 32. Each regular column has several (e.g., 13) 
associated stages 32-1 through 32-13. Programming 
data is shifted into register 30 from left to right. When 
register 30 is full, the programming data is transferred in 
parallel from register 30 to the stages 42 of register 40. 
Assuming that columns N and N-1 are not involved in 
any shifting of functions to the spare column, the shift 
from register 30 to register 40 is straight down via the 
switches 74 associated with each column. 
The output of each register stage 42 is applied to a 

respective chain of first-in first-out (FIFO) memory 
cells 44 in array 20. Initially, each of these FIFO chains 
(if operating properly) merely passes the applied data 
through to an associated stage 52 of test register 50. The 
contents of test register 50 can be shifted out from left to 
right in order to ensure that all of cells 44 are function 
ing properly. Thereafter, address register 60 (FIG. 1) is 
used to successively address rows of cells 44 from the 
bottom to the top as viewed in FIG. 2 so that data 
successively loaded into register 40 is latched into cells 
44 in order to program the device. When thus pro 
grammed, each cell 44 in each FIFO chain controls an 
associated function in the associated LAB column. For 
example, some of cells 44 control the connections made 
by associated element 23. Other cells 44 control the 
logical function performed by associated logic module 
24. Still other cells 44 control the connection made by 
associated switch 25. This technique for programming 
device 10 is shown and described in more detail in U.S. 
Pat. No. 5,237,219, which is hereby incorporated by 
reference herein. 
Although as noted above, only regular LAB columns 

have associated stages 32 in register 30, all LAB col 
umns (i.e., both regular and spare) have associated 
stages 42 and 52 in registers 40 and 50. All LAB col 
umns also have associated switches 74, although the 
switches 74 for the spare column and the right-most 
regular column have only two inputs rather than three 
as will be described in more detail below. 
Turning now to input/output pins 80, each group of 

global vertical conductors 28 associated with a regular 
LAB column typically has several pins 80 associated 
with it, although only one representative pin is shown 
associated with each group 28 in FIG. 2. Each pin 80 
can be used either as an input or an output pin. When 
used as an input pin, the external signal applied to the 
pin is applied to two of the associated vertical conduc 
tors 28 via the switch 76 in the column associated with 
those conductors (assuming that neither column N nor 
N--1 is involved in any shifting of functions associated 
with the use of the spare column). When used as an 
output pin, the associated programmable logical con 
nection device 29 applies the signal on one of the associ 
ated vertical conductors 28 to the pin 80 via the switch 
78 in the associated column (again assuming that neither 
column N nor N+1 is involved in any shifting of func 
tions associated with use of the spare column). Connec 
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tion devices 29 (like connection devices 23) are among 
the programmable elements controlled by cells 44. Be 
cause (as noted above) the spare LAB column has no 
associated input/output pins 80, the spare column does 
not include its own switches 76 and 78. The spare col 
umn does, however, include its own connection devices 
29. The spare column may include a fuse-controlled 
switch like switch 76 to turn off the input connections 
from the pins 80 associated with the left-most regular 
column in the event that the spare column is not needed. 
This avoids double loading of the pins 80 associated 
with the left-most regular column. Although these fuse 
controlled switches are different from depicted 
switches 76 because they have only one input, they may 
be thought of as similar to switches 76 and will be here 
inafter referred to as the switches 76 associated with the 
spare column. Similarly, it will be apparent that the 
switches 76 associated with the right-most regular col 
umn have only one input each and can therefore also be 
simple on/off switches for avoiding double loading of 
the pins 80 associated with the right-most regular col 
umn when that column is found to be defective and its 
functions are accordingly shifted left one column. 
To complete the discussion of the basic circuitry, it 

should be said that elements 72, 74, 76, and 78 are con 
trolled by fuse register 70 (FIG. 1). In particular, fuse 
register 70 includes one fuse for each regular LAB 
column. Thus in the depicted preferred embodiment in 
which there are 21 regular LAB columns, fuse register 
70 includes 21 fuses. The state of each fuse (i.e., whether 
the fuse is “blown” or intact) indicates whether the 
functions normally performed by the associated LAB 
column are to be performed by that column or are to be 
shifted one LAB column to the left. The fuse associated 
with each column controls the switches 72, 76, and 78 in 
that column, and partly controls the switches 74 in that 
column. The remaining control for switches 74 in each 
column comes from the fuse associated with the column 
to the right. The reason for this will become apparent 
below. The switches 74 and 76 for the spare column can 
be controlled by the fuse for the left-most regular col 
umn, or register 70 can include an additional fuse for 
controlling those spare column switches. 
The foregoing discussion assumes that representative 

columns N and N-1 are not involved in any shifting of 
functions required to place the spare (left-most) LAB 
column into use to compensate for a defect in one of the 
regular columns. FIG. 3 shows how the functions of 
certain columns are shifted when a defect is detected in 
one of the regular columns. In the example shown in 
FIG. 3, LAB column N-1 contains a defect and there 
fore cannot be used. LAB columns to the right of col 
umn N+1 are unaffected. The columns to the right of 
column N-1 are therefore programmed and function 
exactly as though the entire chip were defect-free. The 
programming data that would normally go to column 
N-1, however, is shifted one column to the left (i.e., to 
column. N) so that column N can perform all the func 
tions that would normally be performed by column 
N-1. Similarly, the programming data that would 
normally go to column. N is shifted one column to the 
left to column N-1 so that column N-1 performs all 
the functions normally performed by column N. This 
leftward shifting of programming data and functions 

15 

25 

30 

35 

45 

50 

55 

continues until the programming data and functions of 65 
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column. To indicate that this is how the programming 
data and functions are to be handled, the fuse in fuse 

6 
register 70 associated with LAB column N+1 (the 
defective column) is blown. This is done after the chip 
has been tested to determine which column (if any) 
contains a defect. 

Considering now in more detail how the foregoing 
shifting of programming data and functions is accom 
plished in FIG. 2, when column N+1 is the defective 
one, switches 74 in that column receive a combination 
of inputs from fuse register 70 indicating that the col 
umn to the right of column N-1 is not involved in any 
shifting but that the functions of column N-1 are to be 
shifted. In response to this combination of inputs, each 
of switches 74 applies VSS (logical 0) to the associated 
stage 42 of register 40. This eventually causes all mem 
ory cells 44 in column N-1 to store logical 0, thereby 
shutting down as much as possible of the circuitry of 
defective column N-1 so that the unused circuitry in 
that column does not waste power. At the same time, 
switches 74 in column N receive a combination of in 
puts from fuse register 70 which indicates that columns 
N and N-1 are both involved in shifting. This causes 
the switches 74 in column N to connect the outputs of 
the stages 32 of register 30 in column N-1 to the stages 
42 of register 40 in column N. This shifts the program 
ming data that would normally go to column N+1 to 
column N. The switches 74 for all of the columns to the 
left of column N (including the spare column) operate 
similarly to shift the programming data one column to 
the left during transfer of that data from register 30 to 
register 40. It will be appreciated that the switches 74 
for the spare column only require two inputs (VSS 
(selected when the spare column is not used and can 
therefore be turned off because the chip is defect-free) 
and the outputs of the stages 32 of register 30 associated 
with the left-most regular column (selected when any 
regular column is defective and the spare column must 
therefore be put to use)). Similarly, it will be understood 
that the switches 74 in the right-most regular column 
require only two inputs (VSS (selected when the right 
most column is defective) and the outputs of the stages 
32 of register 30 in the right-most column (selected 
when VSS is not selected)). 

Because the programming data is thus automatically 
routed away from any defective column, absolutely no 
change in the programming data is required even 
though the chip may contain a defect. The fault correc 
tion is therefore completely transparent to the program 
mer of the chip. 

Considering now the operation of the chip to perform 
logic when the functions of some of the LAB columns 
are shifted as described above, all horizontally aligned 
logic modules 24 have exactly the same input connec 
tion options 23 from horizontal conductors 26. Accord 
ingly, shifting the programming data which controls 
connections 23 left one column causes the logic module 
to the left to receive exactly the same inputs that the 
original logic module would have received. Similarly, 
all horizontally aligned logic modules 24 have exactly 
the same pattern of outputs to vertical conductors 28, 
and all horizontally aligned switches 25 have the same 
pattern of inputs from the vertical conductors so that 
shifting programming data left does not alter the pattern 
of these vertical conductor connections. However, hor 
izontally aligned switches 25 do not have the same 
output connections to horizontal conductors 26. 
Switches 72 are therefore provided to apply the output 
signal of the switches 25 in each shifted column to the 
horizontal conductors that would receive the output 
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signals of the corresponding switches 25 in the normal 
column. 

Considering again the example in which column 
N-1 is defective and therefore has its functions per 
formed by column N, the depicted representative 
switch 72 in column N-1 is controlled by the fuses in 
register 70 (appropriately decoded) to apply the output 
of depicted representative switch 25 in column N to the 
horizontal conductor 26 that would normally receive 
the output signal of depicted representative switch 25 in 
column N--1. Similarly, switch 72 in column N is con 
trolled by the fuses in register 70 to apply the output of 
switch 25 in column N-1 (not shown but to the left of 
column N) to the horizontal conductor 26 that would 
normally receive the output signal of switch 25 in col 
umn N. In this way, even though the functions of sev 
eral columns are shifted to the left one column, the 
switch 25 outputs always get back to the originally 
intended horizontal conductors 26. Again this is done 
automatically so that it is completely transparent to the 
user of the chip. 

Shifting the functions of various columns to the left 
also must not alter the functions of the input/output 
pins 80 served by the vertical conductors 28 in the sev 
eral columns. The pins 80 associated with all columns 
have the same patterns of possible input and output 
connections to the vertical conductors 28 in the associ 
ated columns. Switches 76 are provided to switch in 
puts from the pins 80 associated with a column involved 
in a shifting of functions from the vertical conductors 28 
in the column that would normally receive those inputs 
to the vertical conductors in the column to the left. 
Similarly, switches 78 are provided to switch outputs 
from the vertical conductors 28 in a column involved in 
a shifting of functions back to the pins 80 associated 
with the column to the right. For example, if column N 
is being used to perform the functions of column N+1, 
depicted representative switch 76 in column N is con 
trolled by the fuses in register 70 (FIG. 1) to apply any 
input signal applied to depicted representative pin 80 in 
column N-1 to the vertical conductors 28 in column 
N. Similarly, depicted representative switch 78 in col 
umn N-1 is controlled by the fuses in register 70 to 
apply any output signal from the depicted representa 
tive connection device 29 in column N to depicted 
representative pin 80 in column N--1. In this way, the 
signals associated with each pin 80 always remain the 
same even though the source or destination of those 
signals may be the vertical conductors 28 in the column 
normally associated with that pin or the vertical con 
ductors 28 in the column to the left of the column nor 
mally associated with that pin. Again, this possible shift 
ing of signals associated with pins 80 is automatic and 
completely transparent to the user of the chip. 

It will be understood that the foregoing is merely 
illustrative of the principles of the invention, and that 
various modifications can be made by those skilled in 
the art without departing from the scope and spirit of 
the invention. For example, although only one spare 
column is shown in the depicted preferred embodiment, 
it will be understood that two or more spare columns 
can be provided if desired. Moreover, if multiple spare 
columns are provided, they can either be grouped to 
gether or distributed among the regular columns. As 
another example of modifications within the scope of 
this invention, spare circuitry could be provided for 
allowing replacement of defective rows rather than 
columns of circuits. Or both rows and columns could be 
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8 
replaced. Instead of being made up of fuses, register 70 
could be made up of storage or memory cells of many 
other types such as RAM cells, antifuses, metal optional 
links, EPROMs, EEPROMs, ferro-electric elements, or 
the like. As still another alternative, register 70 could be 
a two-stage register having a first stage which is load 
able and reprogrammable so that various defect-correc 
tion patterns can be tested. Then when a satisfactory 
defect correction pattern is found, that pattern is 
"burned into' the second stage of the register 70 which 
thereafter controls the allocation of functions among 
the regular and spare circuit groups. As yet another 
example of modifications within the scope of the inven 
tion, some of conductors 28 could be used to convey 
input signals to the associated logic modules 24. 
What is claimed is: 
1. A programmable, integrated circuit, logic array 

device comprising: 
a plurality of regular logic groups and at least one 

spare logic group, each of said logic groups having 
a plurality of logic modules, a plurality of program 
ming signal input terminals, a plurality of data 
input terminals, a plurality of data output terminals, 
and a plurality of first conductors, each of said first 
conductors being capable of conveying data signals 
in either direction along said first conductor among 
the logic modules in the logic group of which said 
first conductor is a component; 

a plurality of second conductors, each of said second 
conductors being capable of conveying data signals 
in either direction along said second conductor 
between said logic groups; and 

a first plurality of switches, each of which connects a 
second conductor to a data output terminal of ei 
ther of two logic groups, wherein said logic groups 
are disposed on said integrated circuit in a prede 
termined ordered sequence, and wherein each 
switch in said first plurality of switches connects a 
respective one of said second conductors to a data 
output terminal of either of two adjacent logic 
groups in said sequence. 

2. The apparatus defined in claim 1 further compris 
Ing: 
memory means associated with each of said regular 

logic groups for indicating whether or not the 
associated logic group is to perform logic functions 
normally performed by that logic group, said first 
plurality of switches being responsive to said mem 
ory means so that each of said switches connects a 
second conductor to a data output terminal of a 
first logic group when said memory means indi 
cates that said first logic group is to perform logic 
functions normally performed by said first logic 
group, and so that said switch connects said second 
conductor to a data output terminal of a second 
logic group when said memory means indicates 
that said first logic group is not to perform logic 
functions normally performed by said first logic 
group. 

3. A programmable, integrated circuit, logic array 
device comprising: 
a plurality of regular logic groups and at least one 

spare logic group, each of said logic groups having 
a plurality of logic modules, a plurality of program 
ning signal input terminals, a plurality of data 
input terminals, a plurality of data output terminals, 
and a plurality of first conductors, each of said first 
conductors being capable of conveying data signals 
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in either direction along said first conductor among 
the logic modules in the logic group of which said 
first conductor is a component; 

a plurality of second conductors, each of said second 
conductors being capable of conveying data signals 
in either direction along said second conductor 
between said logic groups; and 

a first plurality of switches, each of which connects a 
second conductor to a data output terminal of ei 
ther of two logic groups, wherein said first conduc 
tors can be used for conveying data signals to the 
data input terminals of said logic groups, and 
wherein said apparatus further comprises: 

at least one input pin normally functionally associated 
with each regular logic group; and 

a second switch associated with each input pin for 
connecting each input pin to either a first conduc 
tor in the regular logic group associated with that 
input pin or a first conductor in another logic 
group. 

4. The apparatus defined in claim3 wherein said logic 
groups are disposed on said integrated circuit in an 
ordered sequence, and wherein each second switch 
connects the associated input pin to a first conductor in 
the regular logic group associated with that input pin or 
a first conductor in the next logic group in said se 
quence. 

5. A programmable, integrated circuit, logic array 
device comprising: 
a plurality of regular logic groups and at least one 

spare logic group, each of said logic groups having 
a plurality of logic modules, a plurality of program 
ming signal input terminals, a plurality of data 
input terminals, a plurality of data output terminals, 
and a plurality of first conductors, each of said first 
conductors being capable of conveying data signals 
in either direction along said first conductor among 
the logic modules in the logic group of which said 
first conductor is a component; 

a plurality of second conductors, each of said second 
conductors being capable of conveying data signals 
in either direction along said second conductor 
between said logic groups; and 

a first plurality of switches, each of which connects a 
second conductor to a data output terminal of ei 
ther of two logic groups, wherein said first conduc 
tors can be used for conveying data signals from 
the data output terminals of said logic group, and 
wherein said apparatus further comprises: 

at least one output pin normally functionally associ 
ated with each regular logic group; and 

a second switch associated with each output pin for 
connecting each output pinto either a first conduc 
tor in the regular logic group associated with that 
output pin or a first conductor in another logic 
group. 

6. The apparatus defined in claim 5 wherein said logic 
groups are disposed on said integrated circuit in an 
ordered sequence, and wherein each second switch 
connects the associated output pin to either a first con 
ductor in the regular logic group associated with that 
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output pin or a first conductor in the next logic group in 
said sequence. 

7. A programmable, integrated circuit, logic array 
device comprising: 

a plurality of regular logic groups and at least one 
spare logic group, each of said logic groups being 
capable of receiving a plurality of programming 
signals for configuring the logic group to perform 
logic functions on a plurality of data input signals 
to thereby produce a plurality of data output sig 
nals, and each of said logic groups including a 
plurality of logic modules; 

means for indicating whether or not each regular 
logic group is to perform the logic functions nor 
mally performed by that logic group; and 

means responsive to said means for indicating for 
redirecting programming and data input signals 
that would normally be applied to any logic group 
that is not to perform its normal logic functions to 
another logic group, and for substituting the data 
output signals of said another logic group for the 
data output signals of the logic group that would 
normally receive the programming and data input 
signals that were redirected to said another logic 
group so that said another logic group can perform 
all the logic functions that would normally be per 
formed by the logic group that would normally 
receive the programming and data input signals 
that were directed to said another logic group, 
wherein each of said logic groups comprises: 

a plurality of data input terminals for receiving the 
data input signals of said logic group; 

a plurality of data output terminals for outputting the 
data output signals of said logic group; and 

a plurality of first conductors connected to the data 
output terminals of said logic group, wherein said 
apparatus further comprises a plurality of second 
conductors for selectively conveying data signals 
between said logic groups, and wherein said means 
responsive to said means for indicating comprises: 

a plurality of switches, each of which connects a 
second conductor to a first conductor in either of 
two logic groups, each of said first conductors 
being capable of conveying data signals in either 
direction along the first conductor among the logic 
modules in the logic group that includes that first 
conductor, and each of said second conductors 
being capable of conveying data signals in either 
direction along the second conductor between said 
logic groups. 

8. The apparatus defined in claim 7 further compris 
ing an input/output pin associated with each regular 
logic group. 

9. The apparatus defined in claim 8 wherein said 
55 means responsive to said means for indicating con 
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prises: 
a second switch associated with each input/output 

pin for connecting each input/output pin to either 
a first conductor in the regular logic group associ 
ated with that input/output pin or a first conductor 
in another logic group. 
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