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SEMCONDUCTOR DEVICE 

REFERENCE TO CO-PENDING APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/310,962, filed May 13, 1999, and 
entitled “Integrated Circuits which Employ Look Up Tables 
to Provide Highly Efficient Logic Cells and Logic Function 
alities”. 

FIELD OF THE INVENTION 

0002 The present invention relates to integrated circuit 
devices as well as to methods for personalizing and pro 
gramming Such devices and resulting integrated circuit 
devices. 

BACKGROUND OF THE INVENTION 

0.003 Various types of personalizable integrated circuits 
and programmable integrated circuits are known in the art. 
Personalizable integrated circuits include gate arrays, Such 
as lager programmable gate arrays, commonly known as 
LPGA devices, which are described, inter alia in the fol 
lowing U.S. Pat. Nos. 4,924,287: 4,960,729; 4,933,738; 
5,111,273; 5,260,597; 5,329,152; 5,565,758; 5,619,062; 
5,679,967; 5.684,412, 5,751,165; 5,818,728. Devices of this 
type are personalized by etching or laser ablation of metal 
portions thereof. 

0004. There are also known field programmable gate 
arrays, commonly known as FPGA devices, programmable 
logic devices, commonly known as PLD devices as well as 
complex programmable logic devices, commonly known as 
CPLD devices. Devices of these type are programmable by 
application of electrical Signals thereto. 

0005 Programmable logic devices are known in which 
programmable look up tables are employed to perform 
relatively elementary logic functions. Examples of Such 
devices appear in U.S. Pat. Nos. 3,473,160 and 4,706,216. 
Multiplexers are also known to be used as programmable 
logic elements. Examples of Such devices appear in U.S. Pat. 
Nos. 4,910,417, 5,341,041 and 5,781,033. U.S. Pat. Nos. 
5,684,412, 5,751,165 and 5,861,641 show the use of mul 
tiplexers to perform customizable logic functions. 

0006 Problems of clock skew in gate arrays are well 
known. U.S. Pat. No. 5,420,544 describes a technique for 
reducing clock skew in gate arrays which employs a plu 
rality of phase adjusting devices for adjusting the phase at 
various locations in gate arrayS. Various clock tree design 
Structures have been proposed which produce relatively low 
clock skew. 

0007 PCT Published Patent Application WO 98/43353 
describes a functional block architecture for a gate array. 

0008 U.S. Pat. No. 5,825,202 describes an integrated 
Semiconductor device comprising a FPGA portion con 
nected to a mask-defined application Specific logic area. 

SUMMARY OF THE INVENTION 

0009. The present invention seeks to provide an 
improved integrated circuit which employs look up tables to 
provide highly efficient logic cells and logic functionalities. 
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0010. There is thus provided in accordance with a pre 
ferred embodiment of the present invention a logic cell for 
use in a logic array, the logic cell including: 

0011 at least one look-up table including a plurality 
of LUT inputs and at least one output, and 

0012 at least one logic gate having a plurality of 
logic inputs and an output coupled to one of the 
plurality of LUT inputs. 

0013. According to one embodiment of the invention, the 
logic gate is a 2-input logic gate, According to an alternative 
embodiment of the invention, the logic gate is a NAND gate. 
0014 Preferably, the at least one look-up table includes at 
least, one pair of look-up tables. 
0015. In accordance with a preferred embodiment of the 
invention, the logic cell also includes a multiplexer receiv 
ing outputs from the at least one pair of look-up tables. 
0016. In accordance with another preferred embodiment 
of the invention, the at least one look-up table includes first 
and Second pairs of look-up tables, the logic cell also 
including first and Second multiplexers, each multiplexer 
receiving outputs from a pair of look-up tables. 
0017 Preferably, the logic cell also includes a third 
multiplexer receiving outputs from the first and Second 
multiplexerS. 

0018. Additionally in accordance with a preferred 
embodiment of the present invention, the logic cell also 
includes a flip-flop for receiving an output from the first 
multiplexer. 

0019. In accordance with an alternative embodiment of 
the present invention, the logic cell also includes a multi 
plexer connected to an output of at least one look-up table 
and an inverter Selectably connectable to at least one of an 
output of the multiplexer and an output of the look-up table. 
0020. The look-up table is preferably a programmable 
look-up table. 

0021. In accordance with a preferred embodiment of the 
present invention, the logic cell also includes a metal inter 
connection layer overlying at least a portion of the cell for 
providing a custom interconnection between components 
thereof. 

0022. There is also provided in accordance with a pre 
ferred embodiment of the present invention a Semiconductor 
device including a logic array including a multiplicity of 
identical logic cells, each identical logic cell including at 
least one look-up table, a metal connection layer overlying 
the multiplicity of identical logic cells for providing a 
permanent customized interconnect between various inputs 
and outputs thereof. 
0023 Preferably each device includes at least one mul 
tiplexer and the at least one look-up table provides an input 
to the at least one multiplexer. 
0024. Additionally, each device preferably also includes 
at least one logic gate connected to at least one input of the 
look-up table. 
0025. According to one embodiment of the invention, the 
logic gate is a 2-input logic gate. According to an alternative 
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embodiment of the invention, the logic gate is a NAND gate 
connected to an input of the at least one look-up table. 
0.026 Preferably, the at least one look-up table includes at 
least one pair of look-up tables. 
0027. In accordance with a preferred embodiment of the 
present invention, the at least one multiplexer receives 
outputs from the at least one pair of look-up tables. Prefer 
ably, the at least one multiplexer is configured to perform a 
logic operation on the outputs from the at least one pair of 
look-up tables. 

0028. In accordance with an embodiment of the inven 
tion, the at least one look-up table includes first and Second 
pairs of look-up tables and the at least one multiplexer 
includes first and Second multiplexers, each multiplexer 
receiving outputs from a pair of look-up tables. 
0029 Preferably, the look-up table is programmable. 
0.030. In accordance with a preferred embodiment of the 
present invention, the device includes at least one simple 
logic gate Selectably connected to at least one logic cell 
output. 

0.031 Preferably, the simple logic gate is a two-input 
logic gate. Alternatively it may be an inverter or a buffer. 
0.032 The device preferably also includes a multiplexer 
connected to an output of at least one look-up table and an 
inverter Selectable connectable to an output of the at least 
one multiplexer. 

0033. In accordance with a preferred embodiment of the 
present invention, the device also includes a metal intercon 
nection layer overlying at least a portion of the cell for 
providing a custom interconnection between components 
thereof. 

0034. There is also provided in accordance with a pre 
ferred embodiment of the present invention a logic array 
including at least one logic cell, the logic cell including: 

0035 at least one look-up table including a plurality 
of LUT inputs and at least one output; and 

0036) at least one logic gate having a plurality of 
logic inputs and an output coupled to one of the 
plurality of LUT inputs. 

0037. The at least one look-up table is preferably a 
programmable look-up table. 

0.038 According to one embodiment of the invention, the 
logic array is a 2-input logic gate. According to an alterna 
tive embodiment of the invention, the logic gate is a NAND 
gate. 

0.039 Preferably, the at least one look-up table includes at 
least one pair of look-up tables. 

0040. In accordance with a preferred embodiment of the 
invention, the logic array also includes a multiplexer receiv 
ing outputs from the at least one pair of look-up tables. 

0041. In accordance with another preferred embodiment 
of the invention, the at least one look-up table includes first 
and Second pairs of look-up tables, the logic cell also 
including first and Second multiplexers, each multiplexer 
receiving outputs from a pair of look-up tables. 
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0042 Preferably, the logic array also includes a third 
multiplexer receiving outputs from the first and Second 
multiplexerS. 
0043. Additionally in accordance with a preferred 
embodiment of the present invention, the logic array also 
includes a flip-flop for receiving an output from the first 
multiplexer. 

0044) In accordance with an alternative embodiment of 
the present invention, the logic array also includes a multi 
plexer connected to an output of at least one look-up table 
and an inverter Selectably connectable to at least one of an 
output of the multiplexer and an output of the look-up table. 
0045. In accordance with a preferred embodiment of the 
present invention, the logic array also includes a metal 
interconnection layer overlying at least a portion of the cell 
for providing a custom interconnection between components 
thereof. 

0046) The logic array may be integrated into a larger 
device also formed on the same Substrate. 

0047 There is additionally provided in accordance with 
a preferred embodiment of the present invention a Semicon 
ductor device including: 

0048 a logic array including a multiplicity of iden 
tical logic cells, each identical logic cell including at 
least one flip-flop; and 

0049 a metal connection layer overlying the multi 
plicity of identical logic cells for interconnecting 
various inputs and outputs thereof in a customized 

C. 

0050. The semiconductor device may also include a clock 
tree providing clock inputs to at least one of the at least one 
flip-flop of the multiplicity of identical logic cells. 
0051 Each logic cell in the semiconductor device may 
also receive a Scan Signal input which determines whether 
the cell operates in a normal operation mode or a test 
operation mode, wherein in a test operation mode nearly 
each flip-flop receives an input from an adjacent flip-flop 
thereby to define a Scan chain. 
0052 The logic cell preferably includes a programmable 
look-up table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0053. The present invention will be understood and 
appreciated more fully from the following detailed descrip 
tion, taken in conjunction with the drawings in which: 
0054 FIG. 1 is a simplified illustration of the gate layer 
of a logic cell constructed and operative in accordance with 
one preferred embodiment of the present invention; 
0055 FIG. 2 is a simplified illustration of the gate layer 
of a logic cell constructed and operative in accordance with 
another preferred embodiment of the present invention; 
0056 FIG. 3 is a simplified illustration of a gate layer of 
a plurality of logic cells which constitute a portion of a logic 
array in accordance with a preferred embodiment of the 
present invention; 
0057 FIG. 4 is a simplified illustration of a gate layer of 
a plurality of logic cells which constitute a portion of a logic 
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array and incorporate a clock tree in accordance with a 
preferred embodiment of the present invention; and 
0.058 FIG. 5 is a simplified illustration of a gate layer of 
a plurality of logic cells which constitute a portion of a logic 
array and incorporate a Scan chain in accordance with a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0059. The present invention provides a customizable 
logic array device including a Substrate having at least one 
gate layer and typically at least first, Second and third metal 
layerS formed thereon, wherein the gate layer includes a 
multiplicity of identical unit logic cells. It is appreciated that 
the customizable logic array device may be integrated into 
a larger device also formed on the same Substrate. 
0060. The present invention also provides a customizable 
logic array device including an array of cells, the device 
having at least one transistor layer, including a multiplicity 
of transistors, formed on a Substrate and at least one inter 
connection layer which connects the transistors to define the 
array of cells, each of the cells having a multiplicity of inputs 
and at least one output. 
0061 There are preferably provided additional intercon 
nection layers, at least one of which is custom made to 
interconnect the inputs and outputs of the various cells to 
provide a custom logic function. 
0062 Preferably at least some of the cells are identical. 
0.063 Reference is now made to FIG. 1, which illustrates 
a cell preferably forming part of a gate layer of a logic array 
device constructed and operative in accordance with a 
preferred embodiment of the present invention. The logic 
device preferably comprises an array of cells, each cell 
comprising 3-input look-up tables (LUTs), respectively des 
ignated by reference numerals 10, 12, 14 and 16. Coupled to 
a first input of each look-up table, hereinafter referred to as 
a LUT input, is a 2-input NAND gate. The NAND gates are 
designated by respective reference numerals 20, 22, 24 and 
26. 

0064. Alternatively, any other suitable type of logic gate, 
such as, for example, a NOR, AND, OR, XOR or 3-input 
logic gate may be employed instead of the NAND gates. 
0065 Outputs of LUTs 10 and 12 are supplied as inputs 
to a multiplexer 30, while outputs of LUTs 14 and 16 are 
Supplied as inputs to a multiplexer 32. The outputs of 
multiplexers 30 and 32 are supplied to a multiplexer 34. 
Multiplexers 30, 32 and 34 are preferably inverting multi 
plexers, as shown. 
0066. A NAND fed four-input LUT may be realized by 
connecting respective inputs 40, 42, 44 and 46 of LUT 14 
and NAND gate 24 to respective inputs 50, 52, 54 and 56 of 
LUT 16 and NAND gate 26. The inputs of the resulting 
NAND fed four-input LUT are inputs 40, 42, 44 & 46 and 
the Select input to multiplexer 32, which is designated by 
reference numeral 60. The output of the NAND fed four 
input LUT is the output of multiplexer 32, which is desig 
nated by reference numeral 62. 
0067. A NAND fed four-input LUT may be realized by 
connecting respective inputs 70, 72, 74 and 76 of LUT 10 
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and NAND gate 20 to respective inputs 80, 82, 84 and 86 of 
LUT 12 and NAND gate 22. The inputs of the resulting 
NAND fed four-input LUT are inputs 70, 72, 74 & 76 and 
the select input to multiplexer 30, which is designated by 
reference numeral 90. The output of the NAND fed four 
input LUT is the output of multiplexer 30, which is desig 
nated by reference numeral 92. 
0068. It is further appreciated that if the output of LUT 
14, designated by reference numeral 64, is connected to the 
select input 60, multiplexer 32 performs a NAND logic 
function on the output of LUT 14 and the output of LUT 16, 
designated by reference numeral 66. 
0069. Similarly, if the output of LUT 10, designated by 
reference numeral 94, is connected to the select input 90 of 
multiplexer 30, multiplexer 30 performs a NAND logic 
function on the output of LUT 10 and the output of LUT 12, 
designated by reference numeral 96. 
0070. It is appreciated that other logic functions may be 
generated by multiplexers 30 and 32. For example, if input 
60 and output 66 are connected together, a NOR logic 
function is performed on outputs 64 and 66, having an 
output at output 62. 
0.071) A NAND fed five-input LUT may be realized by 
connecting respective inputs 40, 42, 44, 46 and 60 of one 
NAND fed four-input LUT with inputs 70, 72,74, 76 and 90 
of the other NAND fed four-input LUT. The inputs of the 
resulting NAND fed five-input LUT are inputs 40, 42, 44, 46 
and 60 as well as the E select input to multiplexer 34, 
designated by reference numeral 97. The output of the 
NAND fed five-input LUT is designated by reference 
numeral 100. 

0072. It is additionally appreciated that if the output 62 of 
multiplexer 32 is connected to input 97, multiplexer 34 
performs a NAND logic function on the output 92 of 
multiplexer 30 and the output 62 of multiplexer 32. 
0073. It is further appreciated that if the output 92 of 
multiplexer 30 is connected to input 97, multiplexer 34 
performs a NOR logic function on the output 92 of multi 
plexer 30 and the output 62 of multiplexer 32. 
0074) Preferably a flip flop 102 is coupled to the output 
62 of multiplexer 32 and a flip flop 104 is coupled to the 
output 100 of multiplexer 34. 
0075). Additionally an inverter 106 is provided for select 
able interconnection to one of the cell outputs 62, 64, 92,94, 
107, 108 and 100, Inverter 106 could be used to change the 
polarity of a logic Signal to provide a desired logic function. 
Inverter 106 could also be used to buffer certain signals to 
effectively drive a relatively heavy load, Such as in cases 
where a Single output is Supplied to multiple inputs or along 
a relatively long interconnection path. It is appreciated that 
alternatively or additionally any other one or more Suitable 
logic gate, such as for example, a NAND, NOR, XOR or 
XNOR gate, may be provided in the cell. 
0076. It is appreciated that various interconnections 
between inputs and outputs of various components of the 
cell described hereinabove and between inputs and outputs 
of various cells of the logic array are preferably achieved by 
one or more Selectably configurable overlying metal layers, 
which are preferably mask configurable. A permanent cus 
tomized interconnect is thus provided. 
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0077 Reference is now made to FIG. 2, which illustrates 
a cell preferably forming part of a gate layer of a logic array 
device constructed and operative in accordance with another 
preferred embodiment of the present invention. The cell of 
FIG. 2 is presently believed by the inventor to be superior 
in certain respects to the cell of FIG. 1. The logic device 
preferably comprises an array of cells, each cell comprising 
3-input look-up tables (LUTs), respectively designated by 
reference numerals 110, 112, 114 and 116. Coupled to first 
and second inputs of each of look-up tables 110 and 114, 
hereinafter referred to as a LUT inputs, is a 2-input NAND 
gate. The NAND gates are designated by respective refer 
ence numerals 120, 122, 124 and 126. 

0078. Alternatively, any other suitable type of logic gate, 
such as, for example, a NOR, AND, OR, XOR or 3-input 
logic gate may be employed instead of the NAND gates. 

0079. Outputs of LUTs 110 and 112 are supplied as inputs 
to a multiplexer 130, while outputs of LUTs 114 and 116 are 
Supplied as inputs to a multiplexer 132. The outputs of 
multiplexers 130 and 132 are supplied to a multiplexer 134. 
Multiplexers 130, 132 and 134 are preferably inverting 
multiplexers, as shown. 

0080 A four-input LUT may be realized by connecting 
respective inputs 140, 142, and 144 and 146 of the NAND 
gates 124 and 126, and then connecting inputs 140,144, and 
148 of LUT 114 to respective inputs 150, 152 and 154 of 
LUT 116. The inputs of the resulting four-input LUT are 
inputs 140, 144 & 148 and the select input to multiplexer 
132, which is designated by reference numeral 160. The 
output of the four-input LUT is the output of multiplexer 
132, which is designated by reference numeral 162. 

0081. A four-input LUT may be realized by connecting 
the inputs 170, 172, and 174, 176 of NAND gates 120 and 
122, and then connecting inputs 170, 174 and 178 of LUT 
110 to respective inputs 180, 182 and 184 of LUT 112. The 
inputs of the resulting four-input LUT are inputs 170, 174 & 
178 and the input to multiplexer 130, which is designated by 
reference numeral 190. The output of the four-input LUT is 
the output of multiplexer 130, which is designated by 
reference numeral 192. 

0082 It is further appreciated that if the output of LUT 
116, designated by reference numeral 166, is connected to 
the select input 160, multiplexer 132 performs a NAND 
logic function on the output of LUT 114 and the output of 
LUT 116. 

0083) Similarly, if the output of LUT 112, designated by 
reference numeral 196, is connected to the select input 190 
of multiplexer 130, multiplexer 130 performs a NAND logic 
function on the output of LUT 110 and the output of LUT 
112. 

0084. It is appreciated that other logic functions may be 
generated by multiplexers 130 and 132. For example, if 
input 160 and output 164 are connected together, a NOR 
logic function is performed on outputs 164 and 166, having 
an output at output 162. 

0085. It is additionally appreciated that if the output 162 
of multiplexer 132 is connected to input 197, multiplexer 
134 performs a NOR logic function on the output 192 of 
multiplexer 130 and the output 162 of multiplexer 132. 
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0086). It is further appreciated that if the output 192 of 
multiplexer 130 is connected to input 197, multiplexer 134 
performs a NAND logic function on the output 192 of 
multiplexer 130 and the output 162 of multiplexer 132. 
0087 Preferably a flip flop 199 is coupled to the output 
162 of multiplexer 132 and a flip flop 195 is coupled to the 
output 198 of multiplexer 134. 
0088 Additionally an inverter 193 is provided for select 
able interconnection to one of the cell outputs 162, 166, 192, 
196, 191, 189 and 198. Inverter 193 could be used to change 
the polarity of a logic Signal to provide a desired logic 
function. Inverter 193 could also be used to buffer certain 
Signals to effectively drive a relatively heavy load, Such as 
in cases where a single output is Supplied to multiple inputs 
or along a relatively long interconnection path. It is appre 
ciated that alternatively or additionally any other one or 
more Suitable logic gate, Such as for example, a NAND, 
NOR, XOR or XNOR gate, may be provided in the cell. 
0089. It is appreciated that various interconnections 
between inputs and outputs of various components of the 
cell described hereinabove and between inputs and outputs 
of various cells of the logic array are preferably achieved by 
one or more Selectably configurable overlying metal layers, 
which are preferably mask configurable. A permanent cus 
tomized interconnect is thus provided. 
0090 Reference is now made to FIG. 3, which is an 
illustration of a plurality of the cells of FIG. 1, which 
constitute a portion of a logic array, preferably a customi 
Zable logic array in accordance with a preferred embodiment 
of the present invention. It is appreciated that alternatively, 
FIG. 3 could include a plurality of the cells of FIG. 2. 

0091 Reference is now made to FIG. 4, which is a 
Simplified illustration of a gate layer of a plurality of logic 
cells which constitute a portion of a logic array and incor 
porate a clock tree in accordance with a preferred embodi 
ment of the present invention. 

0092. As seen in FIG. 4, a clock tree distribution circuit, 
generally indicated by reference numeral 200 provides clock 
Signals from a clock signal Source (not shown) via an 
inverter 202 to each pair of flip-flops 204 and 206 in each 
logic cell 208, Although the logic cell of FIG. 1 is shown, 
it is appreciated that alternatively and preferably, the logic 
cell of FIG. 2 may be employed. It is appreciated that the 
structure of FIG. 4 is very distinct from the prior art wherein 
a clock tree distribution circuit is implemented in at least one 
custom interconnection layer. 
0093. In accordance with a preferred embodiment of the 
present invention, three metal layers, Such as metal 1, metal 
2 and metal 3 are typically Standard. Three additional metal 
layers, Such as metal 4, metal 5 and metal 6 may be used for 
circuit personalization for a specific application. In logic 
arrays of this type, it is often desirable to provide a multi 
plicity of clock domains. Each Such clock domain requires 
its own clock distribution tree. Connection of the clock 
domains can be readily achieved by Suitable personalization 
of an upper metal layer, Such as metal 6. 
0094. It is appreciated that the number of cells connected 
to a given distribution tree may vary greatly, from tens of 
cells to thousands of cells. This variation can be accommo 
dated easily using the Structure of the present invention. 



US 2001/0003428A1 

0.095. It is appreciated that each flip flop in each cell has 
approximately the same interconnection load on the clock 
distribution tree. 

0096) Multiple phase lock loops (PLLs) may be 
employed to adjust the phase of each clock tree with respect 
to an external clock. 

0097. Reference is now made to FIG. 5, which is a 
Simplified illustration of a gate layer of a plurality of logic 
cells which constitute a portion of a logic array and incor 
porate a Scan chain in accordance with a preferred embodi 
ment of the present invention. Although the cells of FIG. 1 
are shown in FIG. 5, it is appreciated that alternatively, the 
cells of FIG. 2 may be employed. 

0.098 Whereas in the prior art scan chains, which provide 
test coverage for integrate circuits are known to involve not 
insignificant overhead in terms both of real estate and 
performance. Conventionally, Scan chains are usually 
inserted either as part of a Specific circuit design or during 
post processing. 

0099. In accordance with the present invention, as shown 
in FIG. 5, a scan chain 300 is implemented as part of the 
basic structure of a logic cell array. The invention thus 
obviates the need to insert Scan chains either as part of a 
Specific circuit design or during post processing. A multi 
plicity of Scan chains can be integrated in a logic cell array 
in accordance with a preferred embodiment of the present 
invention. 

0100 Connection of the scan chains can be readily 
achieved by Suitable personalization of an upper metal layer, 
Such as metal 6. 

0101. In the embodiment of FIG. 5, multiplexers 32 and 
34 are preferably replaced by corresponding 3-state multi 
plexers 302 and 304. A pair of 3-state inverters 306 and 308 
are provided in each cell and are connected as shown. 
During normal operation of the array, the Scan Signal is a 
logic “low” or “0”, thus enabling multiplexers 302 and 304 
and disabling inverters 306 and 308. 
0102 During testing of the array, the Scan signal is a logic 
“high” or “1” and the multiplexers 302 and 304 are disabled 
while the inverters 306 and 308 are enabled. In Such a scan 
mode the output of flip flop 102 of a given cell is fed to the 
input of flip flop 104 of that cell and the output of flip flop 
104 is fed to the input of flip flop 102 of the adjacent cells, 
thus creating a Scan chain. 

0103). It is appreciated that additional multiplexers may 
also be employed in this embodiment. 

0104. It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove. Rather the 
Scope of the invention includes both combinations and 
Subcombinations of the various features described herein as 
well as modifications and variations thereof as would occur 
to a perSon of ordinary skill in the art upon reading the 
foregoing description and which are not in the prior art. 

1. A customizable logic array device comprising: 

an array of programmable cells having a multiplicity of 
inputs and a multiplicity of outputs, and 
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customized interconnections overlying at least a portion 
of Said programmable cell for permanently intercon 
necting at least a plurality of Said multiplicity of inputs 
and at least a plurality of Said multiplicity of outputs. 

2. A customizable logic array device according to claim 1 
and wherein Said customized connections are mask defined. 

3. A customizable logic array device according to claim 1 
and wherein Said customized connections are defined by 
lithography carried out during the course of manufacture of 
Said Semiconductor device. 

4. A customizable logic array device according to claim 3 
wherein Said programmable cell comprises a Look-Up 
Table (LUT). 

5. A customizable logic array device according to claim 3 
wherein Said programmable cell comprises at least one LUT 
including a plurality of LUT inputs and at least one output; 
and 

at least one logic gate having at least two logic inputs, 
which are at least a part of Said multiplicity of inputs, 
and an output coupled to one of the plurality of LUT 
inputs. 

6. A customizable logic array device according to claim 3 
wherein Said programmable cell also comprises an inverter 
Selectably connectable to an output of Said logic cell. 

7. A customizable logic array device according to claim 3 
wherein Said customizable logic array is integrated into a 
larger device. 

8. A customizable logic array device according to claim 4 
wherein Said LUT is programmable. 

9. A customizable logic array device according to claim 3 
wherein Said programmable cell includes at least one simple 
logic gate Selectably connected to at least one logic cell 
output. 

10. A logic cell for use in a logic array, the logic cell 
having a multiplicity of inputs and at least one output and 
comprising: 

at least one LUT including a plurality of LUT inputs and 
at least one output; and 

at least one logic gate having at least two logic inputs, 
which are a part of Said multiplicity of inputs, and an 
output coupled to one of the plurality of LUT inputs. 

11. A logic cell for use in a logic array, the logic cell 
having a multiplicity of inputs and at least one output and 
comprising: 

at least one LUT, and an inverter Selectably connectable 
to an output of Said logic cell. 

12. A logic cell for use in a logic array, the logic cell 
having a multiplicity of inputs and at least one output and 
comprising: 

at least one LUT, and a driver Selectably connectable to an 
output of Said logic cell. 

13. A logic cell for use in a logic array, the logic cell 
having a multiplicity of inputs and at least one output and 
comprising: 

at least one LUT or multiplexer, and an inverter Selectably 
connectable to an output of Said logic cell. 

14. A Semiconductor device comprising: 
a logic array including a multiplicity of identical logic 

cells, each identical logic cell comprising at least one 
LUT and at least one multiplexer and Said at least one 
LUT provides an input to the at least one multiplexer, 
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and wherein, Said at least one multiplexer is configured 
to perform a logic operation on Said input from Said at 
least one LUT 

15. A logic cell according to claim 10 and also comprising 
a metal connection layer overlying the multiplicity of iden 
tical logic cells for providing a permanent customized 
interconnection between various inputs and outputs thereof. 

16. A logic cell according to claim 11 and also comprising 
a metal interconnection layer overlying at least a portion of 
Said cell for providing a custom interconnection between 
components thereof. 

17. A logic cell according to claim 10 wherein said LUT 
is programmable. 

18. A logic cell according to claim 10 wherein Said logic 
gate is either NAND or NOR gate. 

19. A logic cell according to claim 12 and also comprising 
a metal connection layer overlying the multiplicity of iden 
tical logic cells for providing a permanent customized 
interconnection between various inputs and outputs thereof. 

20. A logic cell according to claim 13 and also comprising 
a metal connection layer overlying the multiplicity of iden 
tical logic cells for providing a permanent customized 
interconnection between various inputs and outputs thereof. 
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21. A logic cell according to claim 14 and also comprising 
a metal connection layer overlying the multiplicity of iden 
tical logic cells for providing a permanent customized 
interconnection between various inputs and outputs thereof. 

22. A Semiconductor device comprising: 
a plurality of pins, and 
customizable programmable logic containing a multiplic 

ity of logic cells and a multiplicity of electrical con 
nections between Said multiplicity of logic cells, 

wherein at least Some of Said multiplicity of logic cells 
being programmable by means of electrical Signals 
Supplied thereto Via at least Some of Said plurality of 
pins, and 

wherein at least Some of Said multiplicity of electrical 
connections being customized for a particular logic 
function by lithography carried out in the course of 
manufacture of Said Semiconductor device. 

23. An array of field programmable gates having perma 
nent customized connections. 


