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A PROGRAMMABLE INTEGRATED CIRCUIT HAVING
BUILT IN TEST CIRCUIT

TECHNICAL FIELD
[0001] The present invention relates to a programmable integrated circuit having a built in

test circuit to reduce the test time of the programmable integrated circuit.

BACKGROUND OF THE INVENTION

[0002] Programmable integrated circuit devices are well known in the art. See for example
U.S. Patent Re 34,363, whose disclosure is incorporated herein by reference in its entirety.
Such devices can be programmed at the factory or in the field. In the case of the latter, they
can be referred to as FPGA (Field Programmable Gate Array). Typically, they comprise an
array of logic elements, each of which can be programmed to perform a particular logical
function. In addition, a plurality of interconnect lines surround the plurality of logic
elements. Each of the logic elements may be programmably connected to the plurality of
interconnect linés. In addition, the interconnect lines may be programmably roiited to supply

signals to different logic elements,

[0003] Referring to Figure 1 there is shown a block level diagram of a programmable
integrated circuit device 10 of the prior art, as disclosed in Re 34,363. The device 10
comprises an array of logic elements 12 arranged in a plurality of rows and columns. Each of
the logic elements 12 can be programmed to perform a particular logic function, such as
AND, OR or other logic functions. Each row of logic elements 12 is separated from one
another, and each column of logic elements 12 is also separated from one another. Between
the separation of the rows of logic elements 12 and the columns of logic elements 12 is a
group of interconnect lines 14. The group of interconnect lines 14 comprises a plurality of
lines 14. The group of lines 14 pass through a plurality of switches 16, which are also
arranged in a plurality of rows and columns. Each of the switches 16 routes the connection of
the interconnect lines from rows to columns or vice-versa. The group of interconnect lines 14
are also connected to a plurality of connection boxes 18. Each of the connection boxes 18

connects one or more of the group of interconnect lines 14 to an associated logic element 16.
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[0004] Each of the logic element 12 has a plurality of input leads, which are connected to the
group of interconnect lines 14, through an associated connection box 18. Further, each of the
logic element 12 has at least one output lead, which is also connected to the group of
interconnect lines 14 through an associated connection box 18. In this manner, the logic
function of each logic element 12 can be changed, as well as the routing of the signals

to/from each logic element 12 to other logic elements 12 can be changed.

[0005] Referring to Figure 2 there is shown in greater detail a portion of the device 10 shown
in Figure 1. In particular, Figure 2 shows in greater detail the group of interconnect lines 14
as comprising a plurality of lines 14, connected to a switch 16 and to a connection box 18 and

to a logic element 12.

[0006] Referring to Figure 3 there is shown in greater detail a circuit diagram of a common
component of a logic element 12 in the nature of a Look-up Table (LUT). Another common
component of a logic element is a D-flipflop (not shown). A plurality of input leads 21 is
shown, connected to the logic element 12. The input leads 21 are “decoded” by logic gates
22. The resulting signals are used to sclect one of the memory elements 20 to be
programmably connected to output lead 24. As previously discussed, the input leads 21 and
the output lead 24 are connected to the group of interconnect lines 14, so that the signals on
those input/output leads 21/24 can be routed to other logic elements 12. The set of memory
elements 20 are used to configurable the LUT to the desired function. Typically, these
memory elements may be SRAM cells or non-volatile cells like Flash or fuses. A logic

element 12 may contain one or more LUTs and one or more D-flipflops.

[0007] The problem with the device 10 is that as the scale of integration increases, more and
more logic elements 12 can be fabricated on a single integrated circuit die. For example, in
1990, a single programmable logic device may contain hundreds of LUTs, whereas it is
possible today to integrate hundreds of thousand LUTs in a single die. As the number of
LUTs are placed on a single integrated die increases, the testing of each of the logic elements
12 becomes increasingly time consuming. While it is very probable that not all gates or logic
elements 12 will be used, once the device 10 is manufactured, nevertheless, the manufacturer
of the device 10 must test each and every gate or logic element 12. Thus, increasingly,

testing has become a larger cost portion of the fabrication of the device 10.
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[0008] More importantly, much of the test time associated with logic elements 12 is the time
it takes to write new-inforrnation into the memory cells 20. For memory cells 20 that have

very long write times, such as Flash memory cells, the test time will be proportionally long.

[0009] It is, therefore, an object of the present invention to reduce the test time of an

integrated circuit device having a plurality of programmable logic elements.

SUMMARY OF THE INVENTION

[0010] In the present invention, a programmable integrated circuit comprises a plurality of
logic elements with each logic element having a plurality of input leads and at least one
output lead. The programmable integrated circuit further comprises a group of interconnect
lines, and a first set of programmable circuits for electrically connecting the input and output
leads of the plurality of logic elements to each other threugh the group of interconnect lines.
The programmable integrated circuit further comprises a test circuit having at least one input
and one output. Further the programmable integrated circuit comprises a second set of
programmable circuits for electrically connecting the one output of the test circuit to the
plurality of input leads of each of the plurality of logic elements and for electrically
connecting the at least one output lead of each of the plurality of logic elements to the one

input of the test circuit, through the group of interconnect lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 block level diagram of a programmable integrated circuit device of the prior
art.

[0012] Figure 2 detailed block level diagram of a portion of the programmable integrated
circuit device shown in Figure 1, showing the switch box for routing the interconnect lines
and the connection element for connecting the interconnect lines to the input/output leads of a

logic element.

[0013] Figure 3 is a detailed circuit diagram of an example of a look up table (1.UT), a
common component of a logic element that can be used in the programmable integrated

circuit device of Figure 1.
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[0014] Figure 4 is a block level diagram of a programmable integrated circuit device of the

present invention.

[0015] Figure S is a detailed circuit diagram of a first example of a look up table, a common
component of a logic element that can be used in the programmable integrated circuit device

of the present invention shown in Figure 4.

[0016] Figure 6 is a detailed circuit diagram of a second example of a look up table, a
common component of a logic element that can be used in the programmable integrated

circuit device of the present invention shown in Figure 4.

[0017] Figure 7 is a detailed circuit diagram of a D-flipflop, another common compeonent of a
logic element that can be used in the programmable integrated circuit device of the present

invention shown in Figure 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0018] Referring to Figure 4 there is shown a block level diagram of an integrated circuit
device 110 of the present invention. The device 110 comprises an array of logic elements 12
arranged in a plurality of rows and columns. Each of the logic elements 12 can be
programmed to perform a particular logic function, such as AND, OR or other logic
functions. Each row of logic elements 12 is separated from one another, and each column of
logic elements 12 is also separated from one another. Between the separation of the rows of
logic elements 12 and the columns of logic elements 12 is a group of interconnect lines 14
(not shown). The group of interconnect lines 14 comprises a plurality of lines 14. The group
of lines 14 pass through a plurality of switches 16 (not shown), which are also arranged in a
plurality of rows and columns. Each of the switches 16 routes the connection of the
interconnect lines froin rows to columns or vice-versa. The group of interconnect lines 14 are
also connected to a plurality of connection boxes 18 (not shown). Each of the connection
boxes 18 connects one or more of the group of interconnect lines 14 to an associated logic
element 16. Thus far, all of the foregoing described elements are shown and described in
Figure 1, and in U.S. Patent Re 34,363, whose disclosure is incorporated herein by reference

in its entirety.
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[0019] The device 110 further comprises a testing circuit 120, which comprises a built-in
testing circuit 122, whose output is connected to a test pattern generator circuit 124. Finally,
the testing circuit 120 also comprises an Output Response Analyzer circuit 126 which
receives the output from each of the logic elements 12. The test pattern generator circuit 124
generates a series or plurality of test signals. The test signals are supplied to a plurality of
lines 130, which in the preferred embodiment is the same as the group of interconnect lines
14 for the device 110 to connect the logic elements 12. Alternatively, the group of lines 130
to which the test signals from the test pattern generator circuit 124 is connected may be a
group of lines different from the group of interconnect lines 14. In any event, the lines 130

are supplied to all of inputs of the logic elements 12.

[0020] In the preferred embodiment, each of the logic elements 12 further comprises a
multiplexer 132 to each of the LUT components. Each of the multiplexer 132 has two groups
of inputs: a first group to receive the inputs 120 that are otherwise connected to the memory
cells 20 and the second group of input to the multiplexer 132 is connected to the lines 130.
One of the lines 134 from lines 130 is used to control the multiplexer 132, i.e. to either switch
the multiplexer 132 so that the test signals from the test pattern generator circuit 124 is
connected to the inputs of the logic element 12 or the signals from the memory cells 20 are

supplied to the inputs to the logic element 12.

[0021] Each of the logic elements 12, as described heretofore, outputs at least one signal
along the output 24, which is supplied to the group of interconnect lines 14. However, from
cach logic element 12, the output 24 is also supplied to the input of an AND gate 140 and to
the input of an OR gate 142. The plurality of AND gates 140 from each of the logic elements
12 are connected in series. Thus, the output of an AND gate 140 from one logic element 12
is supplied as an input to an adjacent AND gate 140, with the other input to that AND gate
140 from the output 24 of that associated logic element 12. In this manner all of the AND
gates 140 are connected serially in a string like configuration. The input to the first AND
gate 140 is connected to a high voltage. Thus, if the output 24 of the logic element 12aa for
the first AND gate 140 is high, the output of the AND gate 140 for the logic element 12aa
will also be high. In this manner if the outputs 24 of all of the logic elements 12 are high,
then the output of the last AND gate 140 in the string will also be high. However, if one of
the logic elements 12 outputs a low output 24, indicating a failure, then the string of AND

gates 12 will also. be low.



WO 2010/135477 6 PCT/US2010/035487

[0022] The output 24 of each logic element 12 is also connected to the input of an OR gate
142. Similar to the connection of the output 24 to the AND gates 140, the plurality of OR
gates 142 from each of the logic elements 12 are connected in series. Thus, the output of an
OR gate 142 from one logic element 12 is supplied as an input to an adjacent OR gate 142,
with the other input to that OR gate 142 from the output 24 of that associated logic element
12. In this manner all of the OR gates 142 are connected serially in a string like
configuration. The input to the first OR gate 142 is connected to a low voltage. Thus, if the
output 24 of the logic element 12aa for the first OR gate 142 is low, the output of the OR gate
142 for the logic element 12aa will also be low. In this manner if the outputs 24 of all of the
logic elements 12 are low, then the output of the last OR gate 142 in the string will also be
low. However, if one of the logic elements 12 outputs a high output 24, indicating a failure,
then the string of OR gates 142 will be high.

[0023] Thus, by supplying the same test signal to all of the logic elements 12 of the device
110, all of the logic elements 12 of the device 110 can be tested simultaneously, with the

need to check only one signal.

[0024] If a logic element 12 has multiple outputs 24, then multiple AND and OR gate chains

can be used to implement the same function described earlier.

[0025] Referring to Figure 5, there is shown a detailed circuit diagram of the Look-up Table
component of logic element 12 portion of the device 110 of the present invention. The test
signals supplied on the lines 130 are supplied to the multiplexers 132 to which the memory
cell outputs 20 are also supplied. The output of each multiplexer 132 is then supplied to the

logic element 12 for further processing in accordance with the logic circuit 22.

[0026] Referring to Figure 6, there is shown a detailed circuit diagram of another
embodiment of Look-up Table component of the logic element 12 portion of the device 110
of the present invention. The embodiment shown in Figure 6 is similar to the embodiment
shown in Figure 5. The lines 130 from the test pattern generator 124 are supplied to the
inputs of the multiplexer 132 to which inputs to the logic circuits 22 are also supplied,. In
addition, the line that controls each of the multiplexers 132 for controlling the switching of
the input signals to the logic element 12 also controls the multiplexers 132 that control the
supplying of the signals 21 from the Connection Box 18 to the LUT. The enhancement
allows the application of test signals 130 to all input signals of the LUT.
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[0027] Referring to Figure 7 there is shown a D-flipflop 26, another common components of
the logic element 12. The data input to D-flipflop 26 comes from the Connection Box 18 via
signal 21. The polarity of the clock input is programmable by memory cell 20 via
multiplexer 25. To enhance test time of the D-flipflop 26, multiplexers 132 are added to
allow test signals 130 to replace the normal input signals 21 and signals from memory cell
20. Figure 7 illustrates another application of the same apparatus described in Figure 5 and
Figure 6.

[0028] From the foregoing it is seen that although a test circuit 120 is provided in the same
integrated circuit die as the integrated circuit device 110, thereby using up precious
semiconductor “real estate”, the addition of the testing circuit 120 actually reduces the cost of

the integrated circuit die 110 because testing time is reduced.
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What Is Claimed Is:

1. An integrated circuit device comprising:

a plurality of logic elements, each logic element having a plurality of input leads and
at least one output lead, and having a programmable circuit to cause said logic element to
perform a selected logic function,

a group of interconnect lines;

a first programmable connection circuit for programmably connecting each of said
input leads of a logic element to at least one of said group of interconnect lines, and for
programmably connecting said at least one output lead of a logic element to at least one of
said group of interconnect lines;

a programmable switch circuit for programmably connecting each of said interconnect
lines to at least one other of said interconnect lines;

whereby each of said logic elements can be programmed to perform a selected one of
a plurality of logic functions, and said logic elements can be connected to each other in a
selectable manner;

a testing circuit for generating at least one test signal and having a plurality of output
leads and for receiving at least one input lead; and.

a second programmable connection circuit for programmably connecting each of said
output leads of the testing circuit to each of said input leads of each logic element, and for
programmably connecting said at least one output lead of each logic element to at least one
input lead of said test circuit;

whereby each of said logic elements can be tested by the testing circuit.

2. The integrated circuit device of claim 1 wherein said testing circuit further comprises:
a test pattern generator circuit for generating a plurality of different test signals

supplied on said output leads.

3. The integrated circuit device of claim 2 wherein said testing circuit further comprises:
a response analyzer circuit for analyzing signals received on said at least input lead

connected to said plurality of logic elements.



WO 2010/135477 9. PCT/US2010/035487

4, The integrated circuit device of claim 1 wherein said programmable switch circuit for
programmably connecting each of said interconnect lines to at least one other of said

interconnect lines comprises a non-volatile transistor.

5. The integrated circuit device of claim 4 wherein said non-volatile transistor is a split

gate floating gate transistor.

6. The integrated circuit device of claim 1 wherein said programmable circuit in each
logic element to cause said logic element to perform a selected logic function comprises

transistors.

7. The integrated circuit device of claim 6 wherein said programmable circuit further

comprises a plurality of memory cells controlling said transistors.

8. The integrated circuit device of claim 7 wherein said plurality of memory cells form
at least a part of a shift register, with control signals loaded into said memory cells by being
transferred through said shift register until each of said control signals is located in said

memory cells.

9. The integrated circuit device of claim 1 wherein said plurality of logic elements are

arranged in an array.

10. A programmable integrated circuit comprising:

a plurality of logic elements, each logic element having a plurality of input leads and
at least one output lead;

a group of interconnect lines;

a first set of programmable circuits for electrically connecting said input and output
leads of said plurality of logic elements to each other through said group of interconnect
lines;

a test circuit having at least one input and one output; and

a second set of programmabile circuits for electrically connecting said one output of

said test circuit to the plurality of input leads of each of said plurality of logic elements and
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for connecting said at least one output lead of each of said plurality of logic elements to said

one input of said test circuit, through said group of interconnect lines.

11.  The programmable integrated circuif of claim 10 wherein said test circuit further
comprises:
a test pattern generator circuit for generating a plurality of different test signals

supplied on said one output.

12. The programmable integrated circuit of claim 11 wherein said test circuit further
comprises:
a response analyzer circuit for analyzing signals received on said at least input

connected to said at least one output lead of each of said plurality of logic elements.

13.  The programmable integrated circuit of claim 10 wherein said first set of
programmable circuits programmably connects each of said interconnect lines to at least one

other of said interconnect lines.

14.  The programmable integrated circuit of claim 13 wherein said first set of

programmable circuits comprises a non-volatile memory transistor.

15.  The programmable integrated circuit of claim 10 wherein each of $aid logic elements
comprises a programming circuit to cause said logic element to perform a selected logic

function.

16.  The programmable integrated circuit of claim 15 wherein said programming circuit
further comprises a plurality of transistors, and a plurality of memory cells each memory cell

controlling a corresponding fransistor.

17.  The programmable integrated circuit of claim 16 wherein said plurality of memory
cells form at least a part of a shift register, with control signals loaded into said memory cells
by being transferred through said shift register until each of said control signals is located in

said memory cells.
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18.  The programmable integrated circuit of claim 10 wherein said plurality of logic

elements are arranged in an array.

19. A programmable integrated circuit comprising:

a plurality of logic elements, each logic element having a plurality of input leads and
at least one output lead, arranged in an array having a plurality of rows and a plurality of
columns;

a group of interconnect lines, programmably connected to the plurality of input leads
of each of said logic e¢lements and programmably connected to at least one output lead of
each of said logic elements, said group of interconnect lines arranged between rows of logic
clements and between columns of logic elements;

a first set of programmable circuits for electrically routing signals supplied on said
group of interconnect lines to various logic elements;

a test circuit having at least one input and one output; and

a second set of programmable circuits for electrically connecting said one output of
said test circuit to the plurality of input leads of each of said plurality of logic elements and
for connecting said at least one output lead of each of said plurality of logic elements to said

one input of said test circuit, through said group of interconnect lines.
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