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PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE 

ENABLING TO REDUCE IMPLEMENTATION AREA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an 

architectural technology for configuring a look up table 

that enables implementation area to be reduced. 

2. Description of the Related Art 

Recently, a programmable logic circuit device 

has attracted much attention as a device that can realize 

various logic circuits which meets diverse needs of users 

by programming internal circuits. Such a programmable 

logic circuit device is known as PLD (Programmable Logic 

Device} or FPGA (Field Programmable Gate Array), and 

recently is increasingly used not only for trial 

fabrication of hardwares, but also for constructing a 

large scale circuit {for example, a microprocessor) that 

has various functions in itself. These programmable 

logic circuits comprise look up tables {LUT: Look Up 

Table) as major components, and reduction of circuit area 

of such LUTs is strongly desired. 

A look up table (LUT) as a major component of a 

25 programmable logic circuit device (PLD or FPGA) is 

composed of memories, and is capable of implementing an 

arbitrary logic circuit. Basic architecture of such a 

FPGA has been previously disclosed, for example, in u.s. 
Patent No. 4,706,216, and U.S. Patent No. 4,870,302. 

30 Multi-context and cluster architecture of plural LUTs in 

FPGA has been disclosed, for example, in U.S. Patent No. 

5,778,439 and U.S. Patent No. 5,905,385, etc. With 

regard to evaluation of LUT used in FPGA (for example, 

evaluation of functionality and area, as well as 

35 performance evaluation, and evaluation of cluster 

architecture), study results are found in, for example, 

J. Rose et al., "Architecture of Field Programmable Gate 
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Arrays: The Effect of Logic Block Functionality on Area 

Efficiency", IEEE J. Solid State Circuits, vol. 25, no. 

5, pp. 1217 - 1225, Oct. 1990, J. Rose et al., "The 

Effect of Logic Block Architecture on FPGA Performance", 

5 IEEE J. Solid State Circuits, vol. 27, no. 3 1 pp. 281-

287, Mar. 1992, and E. Ahmed et al., "The Effect of LUT 

and Cluster Size on Deep Sub-micron FPGA Performance and 

Density", FPGA 2000, Monterey, CA USA, 2000. 
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In a programmable logic circuit device, the 

number of bits M of input signal for the logic circuit 

that can be implemented corresponds to the number of bits 

of the address of memory composing the LUT, and the 

number of bits N of output signal corresponds to the 

number of output bits of the memory. Thus, a logic 

circuit that can be implemented in one LUT is an 

arbitrary logic circuit of M inputs and N outputs. Such 

a LUT is denoted in the present specification as M-input 

N-output LUT. 

Conventionally, in FPGA for example, the input 

number Mand output number N are both fixed value. Any 

logic circuit is divided in circuit unit of M inputs and 

N outputs, and is implemented using plural LUTs. 

Therefore, in a conventional FPGA, even if 

circuit division results in a circuit having input bit 

25 number less than M, one LUT needs to be assigned to this 

circuit, leading to unnecessary increase of 

implementation area (logic and routing circuitry area; 

circuit area). 

SUMMARY OF THE INVENTION 

30 An object of the present invention is to reduce the 

circuit area of a look up table (LUT) and hence of a 

programmable logic circuit device. Another object of the 

present invention is to reduce power consumption of a 

programmable logic circuit device. 

35 According to the present invention, there is 

provided a look up table of M inputs and N outputs, 

comprising a plurality of LUT units; and an internal 
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configuration control circuit controlling an internal 

configuration of the plurality of LUT units. 

Further, according to the present invention, there 

is provided a programmable logic circuit device 

5 comprising a plurality of logic blocks; a plurality of 

routing wires connected to each of the logic blocks; a 

plurality of switch circuits provided at an intersection 

of each of the routing wires; a plurality of connection 

blocks provided between an I/0 line of each of the logic 
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blocks and each of the routing wires; and an I/0 block 

performing an input/output operation with external 

equipment, wherein each of the logic blocks has a look up 

table of M inputs and N outputs, comprising a plurality 

of LUT units; and an internal configuration control 

circuit controlling an internal configuration of the 

plurality of LUT units. 

The internal configuration control circuit may 

comprise a plurality of selectors selecting I/0 signals 

of the plurality of LUT units: and a selector control 

circuit controlling the selectors and defining the 

internal configuration of the plurality of LUT units. 

The selector control circuit may comprise a memory, and 

control the plurality of selectors in accordance with 

data stored in the memory. 

25 The plurality of selectors may include an input 

signal selector provided at an input of at least one of 

the LUT units to select an input signal; and an output 

signal selector provided at an output of the LUT units 

selecting an output signal, the input signal selector and 

30 the output signal selector being controlled in accordance 

with the data stored in the memory. The plurality of 

selectors may include an input signal selector provided 

at an input of at least one of the LUT units to select an 

input signal; and an output signal selector provided at 

35 an output of the LUT units selecting an output signal, 

the input signal selector and the output signal selector 

being controlled in accordance with the input signal. 
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The look up table of M inputs and N outputs may be a 

6-input 3-output look up table. The 6-input 3-output 

look up table may comprise eight 3-input 1-output LUT 

units. The 6-input 3-output look up table may comprise 

5 four 3-input 2-output LUT units. 

In addition, according to the present invention, 

there is also provided a method of configuring a look up 

table of M inputs and N outputs, comprising the steps of 

providing a plurality of LUT units; and selectively 

10 controlling I/O signals of the plurality of LUT units to 

set a predetermined mode of an internal configuration. 
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The I/O signals of the plurality of LUT units may be 

selectively controlled in accordance with data stored in 

the corresponding look up table. An input signal input 

to at least one of the LUT units and an output signal 

output from the LUT unit may be selectively controlled in 

accordance with data stored in the corresponding look up 

table. An input signal input to at least one of the LUT 

units and an output signal output from the LUT unit may 

be selectively controlled in accordance with a 

predetermined function of the input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly 

understood from the description of the preferred 

25 embodiments as set forth below with reference to the 

accompanying drawings, wherein: 

Fig. 1 is a block diagram showing an example of FPGA 

to which the present invention is applied; 

Fig. 2 is a block diagram showing a 6-input 3-output 

30 LUT as an example of LUTs in the FPGA; 

Figs. 3A, 3B, 3C, 3D, 3E, and 3F are block diagrams 

showing the mode of internal configuration of the 6-input 

3-output LUT shown in Fig. 2; 

Fig. 4 is a view useful for explaining an example of 

35 the method of mapping circuits in a look up table; 

Fig. 5 is a block diagram showing a 6-input 3-output 

LUT as an example of a LUT in FPGA according to the 
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present invention in conjunction with input/output 

signal; 

Fig. 6 is a block diagram showing an example of the 

internal configuration of the 6-input 3-output LUT shown 

5 in Fig. 5; 
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Fig. 7 is a block diagram showing an example of 3-

input 1-output LUT unit in the 6-input 3-output LUT of 

Fig. 6; 

Fig. 8 is a block diagram showing another example of 

3-input 1-output LUT unit in the 6-input 3-output LUT of 

Fig. 6; 

Fig. 9 is a block diagram showing another example of 

the internal configuration of the 6-input 3-output LUT 

shown in Fig. 5; 

Fig. 10 is a is a block diagram showing an example 

of 3-input 2-output LUT unit in the 6-input 3-output LUT 

of Fig. 9; 

Fig. 11 is a block diagram showing another example 

of 3-input 2-output LUT unit in the 6-input 3-output LUT 

of Fig. 9; 

Fig. 12 is a block diagram showing still another 

example of 3-input 2-output LUT unit in the 6-input 3-

output LUT of Fig. 9; 

Fig. 13 is a block diagram showing an example of 

25 configuration of a 8 operation ALU circuit (ALU 16); 

30 

35 

Fig. 14 is a view showing difference of the area 

ratio for ALU 16 shown in Fig. 13 when implemented with 

LUT in conventional FPGA compared to LUT in FPGA 

according to the present invention; and 

Fig. 15 is a view showing difference of the number 

of bits of configuration data for ALU 16 shown in Fig. 13 

when implemented with LUT in conventional FPGA compared 

to LUT in FPGA according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now, a look up table, a programmable logic circuit 

device comprising a look up table and a method for 

configuring a look up table according to the present 
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invention will be described in detail below with 

reference to appended drawings. 

Fig. 1 is a block diagram showing an example of FPGA 

to which the present invention is applied. In Fig. 1, 

5 reference numeral 100 denotes FPGA as an example of a 

programmable logic circuit device, 101 is an I/0 block, 

102 is a logic block (CLB: Configurable Logic Block), 103 

is a connection block (C), 104 is a switch matrix (S), 

and 105 denotes routing wires. 
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As shown in Fig. 1, FPGA 100 is comprised of logic 

blocks (CLB) 102 arranged in the form of array, routing 

wire (channel area) 105 surrounding these CLB 102, and 

I/0 blocks 101. At the intersection of the routing wire 

105, switch matrices (S) 104 are disposed for connecting 

these components, and connection block (C) 103 is 

disposed between the I/O line of each CLB 102 and the 

routing wire 105. Each CLB 102 is comprised of a look up 

table (LUT) 121, latches 122, and selectors 123. The 

present invention relates mainly to the configuration of 

LUT 121. 

Fig. 2 is a block diagram showing a 6-input 3-output 

LUT as an example of a LUT in a FPGA. This is an example 

of a LUT 121 in Fig. 1. Thus, the LUT shown in Fig. 2 

corresponds to the configuration of a case of M-input N-

25 output LUT in which M = 6, N = 3. The case of M = 6, N = 
3 is only an example, and value of Mand N is not limited 

to this case, but may include various other values, and 

may include the case M = N, or M < N. 

Figs. 3A to 3F are block diagrams showing different 

30 modes of internal configuration of the 6-input 3-output 

LUT shown in Fig. 2, and showing that, as will be 

described in detail later, by varying the values (X, Y, 

Z)of mode changing memory (71), the 6-input 3-output LUT 

can be set to different internal configurations as shown 

35 in Figs. 3A to 3F. 

Specifically, Fig. 3A shows a case where the 6-input 

3-output LUT is set to a mode of three 2-input 1-output 
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LUT. In conventional FPGA (conventionally composed by 

using 4-input 1-output LUT as a unit), for example, three 

LUTs (4-input 1-output LUT) are required to assign three 

2-input 1-output circuits to LUTs. In the configuration 

5 shown in Fig. 3A, only one 6-input 3-output LUT needs to 

be used for this purpose. 
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Area ratio of 4-input 1-output LUT to 6-input 3-

output LUT including routing channel area is about 1 : 

1.5. Therefore, as compared to the conventional 

configuration using three 4-input I-output LUTs, the 

configuration shown in Fig. 3A can reduce the circuit 

area ratio to about (1 x 3) : 1.5, that is, to about 1: 

0.5. Thus, reduction of circuit area of maximum 50% can 

be achieved. 

Fig. 3B shows a case where the LUT is set to a mode 

of two 3 input 1 output LUTs. In this case, as compared 

to the conventional configuration where two 4-input 1-

output LUTs are used, the circuit area ratio can be 

reduced to (1 x 2) : 1.5, that is, 1: 0.75. Thus, 

reduction of circuit area of maximum 25% can be achieved. 

Further, Fig. 3C shows a case where the 6-input 3-

output LUT is set to a mode of 6-input I-output LUT. 

Fig. 3D shows a case where the 6-input 3-output LUT 

is set to a mode of 3-input 1-output LUT x 8 planes. 

25 Fig. 3E shows a case where the 6-input 3-output LUT 

is set to a mode of 4-input 1-output LUT x 4 planes, and 

Fig. 3F shows a case where the 6-input 3-output LUT is 

set to a mode of 5-input 1-output LUT x 2 planes. 

Fig. 4 is a view useful for explaining the mapping 

30 method of circuits in the look up table, which shows the 

reason why mode setting of Figs. 3D to 3F above is 

possible. 

As shown in Fig. 4, in the mapping method which 

utilizes, for example, the control structure of if~, 

35 else, case, etc., in RTL (Register Transfer Level) 
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description of HDL (Hardware Description Language), since 

it is guaranteed that conditional branching is not 

explicitly simultaneous operation, processing within each 

condition is mapped to each context. Switching between 

5 contexts is performed, for example, by a signal from a 

control circuit implemented in other LOT (look up table). 
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In such a case, as shown in above described Figs. 3D 

to 3F, plural LUTs can be configured with one LUT. 

Specifically, in the case shown in Fig. 3D, eight 3-input 

1-output LUTs can be configured with one LOT (in Fig. 3D, 

one 6-input 3-output LOT). In the case shown in Fig. 3E, 

four 4-input 1-output LUTs can be configured with one 

LUT, and in the case shown in Fig. 3F, two 5-input 1-

output LUTs can be configured with one LUT. 

Specifically, in the configuration shown in Fig. 3E, 

for example, as compared to conventional configuration 

using four 4-input 1-output LUTs, the circuit area ratio 

can be reduced to about (1 x 4) : 1.5, that is, 1 : 

0.375. Thus, reduction of implementation area (circuit 

area) of maximum about 62% can be achieved. In other 

words, the LUTs shown in Fig. 3E (LUTs configured with 

one 6-input 3-output LOT) can be configured in 

implementation area of about 32% of conventional LUTs 

(four 4-input I-output LUTs), and can also substantially 

25 decrease the power consumption. 

Also, if the case where an ALU circuit of 8 

·Operations is implemented with conventional 4-input 1-

output LUTs, is compared with the case where the 6-input 

3-output LUT is used as 4-input 1-output LUT x 4 planes 

30 for implementing same ALU circuit, circuit area can be 

reduced to about 75%, and achieve considerable 

improvement in packaging efficiency. 

Fig. 5 is a block diagram showing a 6-input 3-output 

LUT 7 as an example of LUT in FPGA according to the 

35 present invention in conjunction with the I/O signals. 

This corresponds to the 6-input 3-output LUT as shown in 
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Fig. 2 with six input signals A, B, c, D, E, F and three 

output signals Q, v, wadded thereto. 

Fig. 6 is a block diagram showing an example of 

internal configuration of the 6-input 3-output LUT shown 

5 in Fig. 5. 
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As shown in Fig. 6, the 6-input 3-output LOT 7 (121) 

is comprised of a mode changing me~ory 71, selectors 721 

726, and 3-input 1-output LUT units (memory array) 731 

~ 738. The mode changing memory 71 stores 3 bits data X, 

Y, Z designated by a user so as to set the relation 

between 6 bit input A~ F and 3 bit output Q, v, win 

accordance with user's request. 

A predetermined signal within 6 bit input signal is 

input to each selector (selector for selecting input 

signal} 721 ~ 725, so as to select input signal in 

accordance with data stored in the mode changing memory 

71. That is, signals A, Care input to the selector 721, 

and signals B, Dare input to selector 722, and one of 

the signals is selected by selection signal FO (X, Y, Z) 

specified by data X, Y, z, and is output, respectively. 

Similarly, signals A, Dare input to the selector 723, 

and signals B, E are input to the selector 724, and 

signals C, Fare input to the selector 725, and one of 

the signals is selected by selection signal Fl (X, Y, Z) 

25 specified by data x, Y, z, and is output, respectively. 

Each of 3-input I-output LOT units 731 ~ 738 is 

comprised of an address decoder, a memory and a selector, 

as described later, and outputs 1 bit signal in response 

to 3 bit input signal, respectively. Thus, signals A, B, 

30 Care input to each of LUT units 731, 732, 734 ~ 736 and 

738, and one of the signals A or C and one of the signals 

B or D selected by selection signal FO, and the signal C 

is input to the LUT unit 733, and one of the signals A or 

D, and one of the signals B or E, and one of the signals 

35 C or F, selected by the selection signal Fl is input to 
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the LUT unit 737. Output signals from the LUT units 731 

- 738 are input to a selector {selector for selecting 

output signal) 726, and one of the signals is selected by 

selection signal F2 (D, E, F, X, Y, Z) specified by 

5 signals D, E, F and data x, Y, z, and is output as signal 

v. The signal Q is the output signal from the LUT unit 

731, and the signal Wis the output signal from the LUT 

unit 737. 
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Fig. 7 is a block diagram showing an example of 3-

input I-output LUT unit 731 in the 6-input 3-output LUT 7 

of Fig. 6. All of the 3-input 1-output LUT units 731 -

738 are of similar configuration. 

The LUT unit 731 shown in Fig. 7 is comprised of an 

address decoder 7311, a selector 7312, and two sets of 4 

bit memory unit groups Mll ~ M14, M21 ~ M24. The address 

decoder 7311 decodes 2 bit input signal A, B to designate 

each one of the memory unit groups Mll ~ M14 and M21 -

M24, and further according to the input signal c, selects 

one of the sets Mll ~ M14 or M21 ~ M24 to output data. 

Fig. 8 is a block diagram showing another example of 

3-input 1-output LUT unit 731 in the 6-input 3-output LUT 

7 of Fig. 6. 

The LUT unit 731 shown in Fig. 8 is comprised of an 

address decoder 7313, and 8 bit memory unit groups M31 

25 M38. The address decoder 7313 decodes the 3 bit input 

signals A, B, C, to designate one of the memory unit 

groups M31 ~ M38, and output the data (Q). 

The relation of the 3 bit data X, Y, z, designated 

by the mode changing memory 71 in the 6-input 3-output 

30 LUT shown in Fig 6 as described above and the 

corresponding internal configurations (configuration 

modes) will be explained below with reference to Figs. 3A 

3F. 

First, when, as shown in Fig. 3A, the 6-input 3-

35 output LUT 7 (121) is set to the mode of three 2-input 1-
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output LUTs, the selection signal FO and Fl select an 

input "l" at each of the selectors 721, 722 and 723 -

725, and further, the selection signal F2 selects an 

input "2" at the selector 726. 

That is, the user designates the 3 bit data x, Y, z 
to be stored in the mode changing memory 71 such that the 

selection signal FO (X, Y, Z) and Fl (X, Y, Z) selects an 

input "l" at each of the selectors 721, 722 and 723 -

725, and that the selection signal F2 (D, E, F, X, Y, Z) 

selects an input "2" at the selector 726. 

Thus, by using the LUT unit 731 to which signals A, 

B, Care input and which outputs signal Q, the LUT unit 

733 to which the signals C, D via the selectors 721, 722 

and the direct signal Care input and which outputs the 

signal v via the selector 726, and the LUT unit 737 to 

which the signals D, E, Fare input via the selectors 723 

~ 725 and which outputs the signal w, the three 2-input 

1-output LUTs as shown in Fig. 3A can be configured. 

Although the input signal C in the LUT unit 731, one of 

the input signal C in the LUT unit 733, and the input 

signal Din the LUT unit 737 via the selector 723 are 

extra input signals in each of the LUT units, there is no 

problem about it. 

Next, when, as shown in Fig. 3B, the 6-input 3-

25 output LUT 7 is set to the mode of two 3-input I-output 

LUTs, the 3 bit data x, Y, z to be stored in the mode 

changing memory 71 is designated such that the selection 

signal Fl selects an input signal "1" at the selectors 

723 ~ 725. By using the LUT unit 731 to which the 

30 signals A, B, Care input and which outputs the signal Q, 

and the LUT unit 737 to which the signals D, E, Fare 

35 

input via the selector 723 - 725 and which outputs the 

signal w, the two 3-input 1-output LUTs as shown in Fig. 

3B can be configured. 

When, as shown in Fig. 3C, the 6-input 3-output LUT 
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is set to the mode of 6-input 1-output LUT, the selection 

signals FO and Fl select an input "0" at each selector, 

and the selection signal F2 determines the value of the 

selector 726 from input signals o, E, F, and outputs the 

5 signal v. Thus, from 6 bit input of the signals A, B, C, 

and the signals D, E, F, 1 bit signal Vis output. 
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As shown in Fig. 3D, when the 6-input 3-output LUT 

is set to the mode of 3-input 1-output LUT x 8 planes, 

the selection signals FO and Fl select an input "0" at 

each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

outputs the signal v. In this case, the signals D, E, F, 

use plane switching signals. 

As shown in Fig. 3E, when the 6-input 3-output LUT 

is set to the mode of 4-input 1-output LUT x 4 planes, 

the selection signals FO and Fl select an input "0" at 

each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

outputs the signal v. In this case, the signal Dis one 

of 4 bit input signals together with the signals A, B, C, 

and the signals E and Fuse plane switching signals. 

As shown in Fig. 3F, when the 6-input 3-output LUT 

is set to the mode of 5-input 1-output LUT x 2 planes, 

the selection signals FO and Fl select an input "0" at 

25 each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

outputs the signal v. In this case, the signal D and E 

are two of 5 bit input signals together with the signals 

A, B, C, and the signals Fuses a plane switching signal. 

30 As has been described above, according to the 

present embodiment, the 6-input 3-output LUT, for 

example, may be used in various modes of internal 

configuration by varying the values x, Y, z of the mode 

changing memory. 

35 Fig. 9 is a block diagram showing another example of 

internal configuration, which is different from the above 
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described internal configuration of 6-input 3-output LUT 

shown in Fig. 6. 

As shown in Fig. 9, the 6-input 3-output LUT 8 (121) 

is comprised of a mode changing memory 81, selectors 821 

5 - 826, and 3-input 2-output LUT units 831 ~ 834. The 

mode changing memory 81 stores 3 bit data X, Y, Z, 

designated by a user, so as to set the relation between 6 

10 

15 

bit input A F and 3 bit output Q, v, Win accordance 

with user's request. 

Thus, in contrast to the above described 6-input 3-

output LUT 7 shown in Fig. 6, which comprises eight 3-

input 1-output LUT units 731 ~ 738, the present 6-input 

3-output LUT 8 comprises four 3-input 2-output LUT units 

831 ~ 834, and except for this, has substantially the 

same configuration. 

3 bit data X, Y, z, designated to the mode changing 

memory 81 of the LUT 8 shown in Fig. 9, selection signals 

FO (X, Y, Z), Fl (X, Y, Z), and F2 (D, E, F, x, Y, Z), as 

well as the operation of selectors 821 ~ 826 

20 (corresponding to the selectors 721 ~ 726) controlled by 

these selection signals FO, Fl, F2, are the same as has 

been described with reference to Fig. 6 and Figs. 3A -

3F, and explanation thereof is therefore omitted. 

Fig. 10 is a block diagram showing an example of 3-

25 input 2-output LUT units in the 6-input 3-output LUT 

shown in Fig. 9. All of the 3-input 2-output LUT units 

831 834 have the identical configuration. 

30 

The LUT unit 831 shown in Fig. 10 is comprised of an 

address decoder 8311, selectors 8312, 8313, and four sets 

of 4 bit memory unit group M41 ~ M44, M51 M54, M61 

M64, M71 - M74. The address decoder 8311 decodes 2 bit 

input signal A, B to designate each one for the four sets 

of memory unit group M41 ~ M44, MSl ~ M54, M61 - M64, M71 

- M74, and by the input signal C, selects and outputs the 
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data of one of the two sets of memory unit group M41 ~ 

M44 or M51 ~ M54 (output signal Q: the signal supplied to 

the input "0" of the selector 826), and data of one of 

the two sets of memory unit group M61 M64 or M71 ~ M74 

5 (the signal supplied to the input "l" of the selector 

826). 

10 
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20 

Fig. 11 is a block diagram showing another example 

of 3-input 2-output LUT units in the 6-input 3-output LUT 

shown in Fig. 9. 

The LUT unit 831 shown in Fig. 11 is comprised of an 

address decoder 8314, and two sets of 8 bit memory unit 

group M81 ~ M88 and M91 ~ M98. The address decoder 8314 

decodes 3 bit input signal A, B, c to designate each one 

for the two sets of memory unit group M81 ~ M88 and M91 ~ 

M98, and outputs respective data (output signal Q: signal 

supplied to the input "O", and signal supplied to the 

input "l"). 

Fig. 12 is a block diagram showing still another 

example of 3-input 2-output LUT units in the 6-input 3-

output LUT shown in Fig. 9. 

The LUT unit 831 shown in Fig. 12 is comprised of an 

address decoder 8315, selectors 8316, 8317, and eight 

sets of 2 bit memory unit group Mlll, Ml21; Mll2, Ml22; 

..• ; M118, Ml28. The address decoder 8315 decodes 1 bit 

25 input signal A to designate each one for the eight sets 

of memory unit group Mlll, Ml21 ~ Mll8, M128, and by 2 

bit input signal B, c, selects and outputs the data of 

one set of the memory unit group Mlll, Ml21 ~ Mll4, Ml24 

(output signal Q: the signal supplied to the input "0" of 

30 the selector 826), and the data of one set of the memory 

unit group MllS, M125 ~ M118, M128 (signal supplied to 

the input "1" of the selector 826). 

Fig. 13 is a block diagram showing an exemplary 

configuration of an ALU circuit (ALU 16) 90 of 8 

35 operations. In Fig. 13, reference symbols G and H denote 



s 

- 15 -

16 bit data, I denotes command signal that determines the 

operation, and J denotes output signal. 

As shown in Fig. 13, the ALU circuit 90 is comprised 

of eight operation circuits consisting of OR circuit 91, 

5 AND circuit 92, XOR circuit 93, not circuit 94, + 
(addition) circuit 95, NE {Not Equal) circuit 96, GT 

(Greater Than) circuit 97 and SHIFT circuit 98 having 16 

bit data G and H input therein, respectively, and a 

selector 99 for selecting the output from the eight 

10 

15 
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operation circuits 91 to 98 in accordance with the 

command signal I, and outputs the output signal J portion 

corresponding to the command signal I. 

Cases where the ALU circuit (ALU 16) 90 shown in 

Fig. 13 is implemented with 3-input !-output LUT to 7-

input 1-output LUT as used in conventional FPGA 

(horizontal axis: 3 LUT - 7 LUT) is compared with cases 

where it is implemented with the 6-input 3-output LUT as 

shown in Fig. 6 (configuration comprising eight 3-input 

1-output LUT 731 - 738, a mode changing memory 71 and 

selectors 721 - 726: 3 LUT * 8) and with the 6-input 3-

output LUT as shown in Fig. 9 (configuration comprising 

four 3-input 2-output LUT 831 ~ 834, a mode changing 

memory 81 and selectors 821 ~ 826: 4 LUT * 4) as used in 

the FPGA according to the present invention, are compared 

25 in the following Figs. 14 and 15. The ALU 16 is equipped 

with, for example, a data selector for switching wire 

connection (a circuit which does not require LUT), a 

random logic (a circuit composed of LUT) and a flip-flop 

(a circuit for fixed portion of logic block). It is to 

30 be understood that the comparison in Figs. 14 and 15 is 

performed assuming that conditions other than the 

configuration of LUT are substantially the same. 

Fig. 14 is a view showing the difference of the area 

ratio when the ALU 16 as shown in Fig. 13 is implemented 

35 with LUT used in conventional FPGA and in FPGA according 
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to the present invention (3 LUT 7 LUT and 6-input 3-

output LUT (3 LUT * 8 and 4 LUT * 4)). Fig. 15 is a view 

showing the difference of number of bits of configuration 

data when the ALU 16 as shown in Fig. 13 is implemented 

5 with LUT used in conventional FPGA and in FPGA according 

to the present invention. Vertical axis in Fig. 14 

represents the area when the ALU 16 is configured using 

various LUTs, expressed as area ratio assuming the area 

of the case when configured with commonly used 4-input 1-

10 
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output LUT (4 LUT) to be equal to 1. Vertical axis in 

Fig. 15 represents the number of bits of configuration 

data when the ALU 16 is configured using various LUTs. 

As can be seen from Fig. 14, when the ALU 16 as 

shown in Fig. 13 is implemented with the 6-input 3-output 

LUT used in FPGA according to the present invention (3 

LUT * 8 and 4 LUT * 4), for example, the area ratio is 

greatly reduced compared to the case where the same ALU 

16 is implemented with LUT used in conventional FPGA (3 

LUT ~ 7 LUT). More specifically, it can be seen that the 

case of 3 LUT * 8 where the 6-input 3-output LUT is 

implemented as 3-input 1-output LUT x 8 planes gives an 

area about 75% of that for the case where 4-input 1-

output LUT (4 LUT} is used to implement the ALU 16 and 

gives the smallest area in conventional LUTs. 

25 Further, as can be seen from Fig. 15, the number of 

bits of configuration data for the case where the ALU 16 

is implemented with the 6-input 3-output LUT used in FPGA 

according to the present invention (3 LUT * 8 and 4 LUT * 
4) is comparable to that for the case of 4 LUT that gives 

30 the smallest value among the conventional cases. Thus, 

although the 6-input 3-output LUT of the present 

invention requires 4 times as much configuration data as, 

for example, 4-input 1-output LUT, the number of bits of 

the configuration data can be made comparable. This is 

35 due to the fact that the conventional LUT constructs the 

selectors in output stage with LUTs while the present 
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invention achieves it by switching of routing wires so 

that number of LUTs used can be reduced. 

In the above description, the 6-input 3-output LUT 

used in the FPGA according to the present invention is 

5 only an example, and the present invention can be equally 

applied to M-input N-output (e.g., 8-input 4-output) LUT. 

Further, it is to be understood that configuration of the 

6-input 3-output LUT itself 1 for example, is not limited 

to the eight 3-input 1-output LUT units shown in Fig. 6, 

10 

15 

20 

or to the four 3-input 2-output LUT units shown in Fig. 

9, and various modification is possible within the scope 

of the invention. 

As has been described above in detail, according to 

the present invention, the circuit area of a look up 

table (LUT) or a programmable logic circuit device can be 

reduced. Further, according to the present invention, 

the power consumption of a programmable logic circuit 

device can also be reduced. 

Many different embodiments of the present invention 

may be constructed without departing from the spirit and 

scope of the present invention, and it should be 

understood that the present invention is not limited to 

the specific embodiments described in this specification, 

except as defined in the appended claims. 



5 

10 

15 

20 

- 18 -

What is claimed is: 

1. A look up table of M inputs and N outputs, 

comprising: 

a plurality of LUT units; and 

an internal configuration control circuit 

controlling an internal configuration of said plurality 

of LUT units. 

2. The look up table as claimed in claim 1, 

wherein said internal configuration control circuit 

comprises: 

a plurality of selectors selecting I/O 

signals of said plurality of LUT units; and 

a selector control circuit controlling 

said selectors and defining the internal configuration of 

said plurality of LUT units. 

3. The look up table as claimed in claim 2, 

wherein said selector control circuit comprises a memory, 

and controls said plurality of selectors in accordance 

with data stored in said memory. 

4. The look up table as claimed in claim 3, 

wherein said plurality of selectors include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

25 an output signal selector provided at an 

30 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the data stored in 

said memory. 

5. The look up table as claimed in claim 3, 

wherein said plurality of selectors include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

35 an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 
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being controlled in accordance with the input signal. 

6. The look up table as claimed in claim 1, 

wherein said look up table of M inputs and N outputs is a 

6-input 3-output look up table. 

7. The look up table as claimed in claim 6, 

wherein said 6-input 3-output look up table comprises 

eight 3-input 1-output LUT units. 

8. The look up table as claimed in claim 6, 

wherein said 6-input 3-output look up table comprises 

four 3-input 2-output LUT units. 

9. A programmable logic circuit device comprising: 

a plurality of logic blocks; 

a plurality of routing wires connected to 

each of said logic blocks; 

a plurality of switch circuits provided at 

an intersection of each of said routing wires; 

a plurality of connection blocks provided 

between an I/0 line of each of said logic blocks and each 

of said routing wires; and 

an I/0 block performing an input/output 

operation with external equipment, wherein each of said 

logic blocks has a look up table of M inputs and N 

outputs, comprising: 

a plurality of LUT units; and 

an internal configuration control circuit 

controlling an internal configuration of said plurality 

of LUT units. 

10. The programmable logic circuit device as 

claimed in claim 9, wherein said internal configuration 

30 control circuit comprises: 

a plurality of selectors selecting I/0 

signals of said plurality of LUT units; and 

a selector control circuit controlling 

said selectors and defining the internal configuration of 

35 said plurality of LUT units. 

11. The programmable logic circuit device as 

claimed in claim 10, wherein said selector control 
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circuit comprises a memory, and controls said plurality 

of selectors in accordance with data stored in said 

memory. 

12. The programmable logic circuit device as 

5 claimed in claim 11, wherein said plurality of selectors 

include: 

10 
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an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the data stored in 

said memory. 

13. The programmable logic circuit device as 

claimed in claim 11, wherein said plurality of selectors 

include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the input signal. 

14. The programmable logic circuit device as 

claimed in claim 9, wherein said look up table of M 

inputs and N outputs is a 6-input 3-output look up table. 

15. The programmable logic circuit device as 

claimed in claim 14, wherein said 6-input 3-output look 

30 up table comprises eight 3-input 1-output LUT units. 

16. The programmable logic circuit device as 

claimed in claim 14, wherein said 6-input 3-output look 

up table comprises four 3-input 2-output LUT units. 

17. A method of configuring a look up table of M 

35 inputs and N outputs, comprising the steps of: 

providing a plurality of LUT units; and 

selectively controlling I/0 signals of 



- 21 -

said plurality of LUT units to set a predetermined mode 

of an internal configuration. 

18. The method of configuring a look up table as 

claimed in claim 17, wherein the I/0 signals of said 

5 plurality of LUT units are selectively controlled in 

accordance with data stored in the corresponding look up 

table. 

10 

15 

19. The method of configuring a look up table as 

claimed in claim 17, wherein an input signal input to at 

least one of said LUT units and an output signal output 

from said LUT unit are selectively controlled in 

accordance with data stored in the corresponding look up 

table. 

20. The method of configuring a look up table as 

claimed in claim 17, wherein an input signal input to at 

least one of said LUT units and an output signal output 

from said LUT unit are selectively controlled in 

accordance with a predetermined function of the input 

signal. 
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PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE 

ENABLING TO REDUCE IMPLEMENTATION AREA 

ABSTRACT OF THE DISCLOSURE 

A programmable logic circuit device has a plurality 

of logic blocks, a plurality of routing wires, a 

plurality of switch circuits, a plurality of connection 

blocks, and an I/O block performing an input/output 

operation with external equipment. The routing wires are 

connected to each of the logic blocks, the switch 

circuits are provided at an intersection of each of the 

routing wires, and the connection blocks are provided 

between an I/O line of each of the logic blocks and each 

of the routing wires. Each of the logic blocks has a 

look up table of M inputs and N outputs, which has a 

plurality of LUT units; and an internal configuration 

control circuit controlling an internal configuration of 

the plurality of LUT units. 
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the above identified specification. including the claims. a• 
.-neltded by any amandment r•f•rred to abov._ 

I adlnowledge tts. duty to dlscloH infonnatlon whleh Is -te,lal to 

patentuility n defined ill Title 37, Code of Federal Regulations, 
Section 1.55 .. 

Page I ,,f3 
Burden Hour S1a1cm.:nt: This ti,nn is dtimat..J r,, lake 0.4 houn ht ~omrlOlfe. Tim., will va,y depen.lin, upon the ,-da nf me indiv;dual .,_...,_ Any comments on lhe 
1m,-.un1 ,,f time you ar,: n:4uin:d It> cumrlct,: this form !h,,uhl he """' to !he Chi.,f Information Offi.:er, Pat•nt and Trademark Office .. Wa,biftBlon, DC 2023 l. DO NOT 
SEND FEES OR C"OIIIPLETED FORMS TO THIS ADDRESS. SEl"iO TO: C,,mmissinno:r nf Pato,nta and Trad,:marb. Washin~on. DC 20231. 

(STAAf 
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Patanl and Trademark Office; U.S. DEPARTMENT OF CO.....ERCE 
Under the PapefW0fl< Reduction Ac:t of 1995, no pefliOl'IS are raqulred to respond to I collection d lnfcrmatlon tl'lless lt dlaplaya I valid 0MB eontro1 number, 

Japanese Language Declaration 
( S +~'§'-gS) 

fl.Ii. ;Rlli/ii;,.,M 3 5 C 1 1 9 * (a)- {d).!JOO~ 3 6 5 * 
(b)JJ:ii.-:.~ ;!"~i!E.d.>, ~ [lil£J.9'-Q)l3ild)~t.t < .1: "t-:b 1:5/¼'lft 
;jfl:, n ,:zi~~tittJ*j~ 3 6 5 {a) 4ti.:1'f< 12)1QWJA. X 

:~~lli! ~d.)fi'~ttlJA t, \., < }'i ~IJ111Nld.)llifR~ ~"'-r d)Jf-1~ 
Rt;telt~.::..::. 1~4HIT-o t .1: -ti.:. !U'e*l&:-~,l\... -c1,,-3, 
*lli~d)•~mm~h~W~*~~~~~•d)?t-~m•~g 
~+.:. ~~f:-7-?T:0.::. ~ 1:. ;'f-L -r1.,,"£-J". 

Prior Foreign Application(a} 
9'-13il1:cT.l1efflliaf 

2001-199644 {Pat. Appln.) Japan ----~---(Number) {Country) 

<•-l;-> (~:f!jJ 

(Number) 
(&,-!;-) 

(Country) 
(l~<t-> 

ff •. !. ~3 5iliB~IEi'1;:!Pll l 9~(e)lJ0;:1'v'"'C'rllcQ)* 
ti:i!¥fwfW.l,lf~Ji::J;:~- ~htdl~Jt:-.:.: 1;:j!~t,,:ft L- ~ T. 

(Application No.) 

(W.IUt~) 
(Filing Date} 

cte• a> 
~.!.1:1, ~~q:i*IJJi£A¥3 5ti; 1 2 O*~~1,,-r~Ji:!0)* 

ll!M<it'fill• l-::lcil :;ti,:ttlUtJ. ~•:t*laSHili:'. L -r1,,,?i.M<1f 
1'11*¥13 6 5 * (c) 1-:JiEi'<*~l~.:.:t~:UtL ;lei". ~ 
:tt.*m•~•M~~eQ)~~ffi*m~AM35~112* 
Ml lJt:Ut4ttlf~)J*~"t'~~~ t1.7't1;i£"t'.1efi'T ~d~ll4" 
~tt:fl~liii~ ~ h -c-1,,,i,t-1,,l!Jl)). -t-OJitfr*tlltttfA1HUH P 
Q~~*m•~Q)A*~~*tt~•lf•h•~m••m~~ 
~Q)~~~KA~antt. •~~~$~~a1•1•s6JJt 
~~ii~ hit 4'}iHf~0)1i!li,:IVJT ,Q :ltJf f.tittlR:-?t,, "t"IJM 
m.a~:n•;i;;~-:. .l: HillL -ri,.,~-,. 

(Application No.) 

(ttillt#-t;-) 

(Application No.) 
(tH•a:~) 

(Filing Date) 
(lt\J.I( A) 

(Filing Date) 

(w• a} 

f.I.!1. l.!.~ !tUJffllU.:~i•~ '1:'*1:rt-='P~fl.il~flti ~ 1t 
IJf~•Jl;~t'ii tJ. 1),--,~J.oJAf\., ~ti;•.!:: ft.Q)fitt.-o ~ ~~ 
1-:1'i' < ~~t,-~·nu~-r ~-?> H~ r. n,,o.:. <=. ~ ~ 1.:~ 
~~~!h~~~~•~•u~~~M•~na~•~•A• 
1 8 Jii~ l O O 1 ~!Cai•~. fil:tl:~ :ftl;tJiJM, b L. < 11-t 
~~~~~~B"th~~.!::. ~Lt~~~,~-~~~~ 
~~~-~iff~~~- m•L~. Xti~~w~~h~-~ 
Q)1i~JttilS~pl'l,7.).:}: ~~-L. .t ,, t'.:..:. I.: !-:!lo)~.!:: 
< :!:W~t{(L ~-;-. 

J hereby dam foreign priority under Title 35, United States Code, 
Sfl:tion 119 (1Hd) or 365fb) of any foreign 1ppliation(sJ for patent 

or inventor'• · certificate, or 365(1) of MY PCT International 
appfic~ion which dHignated at least one country other tMn the 
UnitM States, listed below and have also identified below, by 

chec:king the box. any foreign application for ~tent or inventor's 
certln«:ae, or PCT lntemalional applicatlOft having a flting date 

before that of the application on which priority is claimed. 

29/June/2001 
(Day/Month/Year Filed) 

{Wfl1~.fJ a) 

(Oay!Month/Year Filed} 
(lliJA~ JH3) 

Priority Not Claimed 
fiE1cM *• Ht~ L 

0 

0 

I hereby claim the beneftt under Title i1, United states Code, 
Section 119Cel of any United States provisional application(•> lu,ted 
below. 

(Application No.) 

cm••~> 
(Filing Date) 

utt•a l 
I hereby claim the benefit under Title 35, United States Code. 
Sedion 120 of any United Stites application(sl, or 3H(c) of any 
PCT lnternationw ~•tion design,1ting the United States, listed 
below and, Insofar as the subject matter of each of the claims of 

this application is nol disclosed In the prior United states o, PCT 
lntematlonal application in IN mannw provided by the finit 

paragraph or Title 35, United State• Code Section 112, I 
acknowledge the duty to disclose information whic:11 ~ material to 
patenubllity u defined In Title S7. Code of Federal Regulationa, 
Section UI which became available belwHII the filing date of the 
prior •ppl~ion and the national or PCT ~I filing date of 

application. 

{Status: Patented, Pending, Abandoned) 

HJliSl: tHf~iiT~- ~-'P. ~JU~) 

(Status: Patented, Pending, Abandoned) 
{m&: f;:~1fiiJ'~. ~-'?. SUI~~) 

I hereby declare that all statements made herein of my own 

knowledge are true ud that 11 statements made on information 
and belief are believed to be true: and further that thasa 

staeemenla were made with the knowtedg• that willful falae 
statements and the 111:e aa made are punlahabfe by ftne or 

Imprisonment, or both, under SKtion 1001 of T1tltt 11 of tlMt 
United Stal•• Code and that auch willful t.alu statements may 
Jaopardlz• the validity of th• .application Of any patent issued 
thereon. 

Page:? nf 3 



PTOISB/1 oe (8-Qe) 
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Pat.rt and Trademark orric:a; U.S. DEPARTMENT OF COMMERCE 
Under the Pap1r.vork Reducllon Act cl 1 DGe, no persona-~ ID~ ID • ~ ot lnfomw!lan unleu I dlsplarp • -..lid OMS a>ntrol number. 

Japanese Language Declaration 
( f3 :+i!1C~ff) 

~ff:~: a~TE~~~•~Lt. *m•~~~~-~O) POWER OF ATTORNEY: Aa a named Inventor, I hM.t>y •ppolnt 

~~~e•~R~-~~~Lt~ffT~#~±~~~~~A tfle followift9 attomey(s) and/« agent(sJ to prosecuee this 
tL·c T:i'.O)=J-em~1,,f.::: L '£T. {#at±. z:t:.11-ft~ application and b'ansact all business in the Patent and Trademark 

A~~~&U~~#~~~~~~t) Office connected therewitte {11st name lllnd ng/stratlon numberj 

James D Halsey. Jr .. 22,729; Harry John Staas. 22,010; David M. Pitcher, 25,908;John C. Garvey, 28,607:J. Randall Becker_s. 
30,358; William F. Herben. 31,024; Richard A. Gollhofer, 31,106; Mark J. Henry. 36.162; Gene M. Garner II, 34,172; Michael D. 
Stein, 37,240; Paul I. Kravetz, 35.230; Gerald P. Joyce, lll, 37,648; Todd E. Marlette, 35,269; Harlan B. Williams, Jr., 34.756; 
George N. Stevens. 36,938; Michael C. Soldner. 41,455; Norman L. Ourada, 41,235; Kevin R. Spivak. P-43,148; and William M. 
Schertler, 35,348(agent) 

~ m~ M * ~ CMnapondence to: 

STAAS & HALSEY 
700 Eleventh Street, N. W. 
Suue 500 
Washington, D.C. 20001 

il:!:i~~;it;;,1c: {.:& r.J.& v:~~·~) Dir9C:1 Telephone Ca». to: (nem. •nd t.rephon• n11mbe1) 

STAAS & HALSEY 
(202) 434-1500 

----~ ft 1:tM-~lfJ•~ Full name of sole « first lnVeOO)f 

Toshinori Sueyoshi 
~~4'0):ff, Rftt lnveritor'a sir.tu,• o.1e -!/.,a,. '-~ .il. t, :rJ,,,,.,,.. {) ... ; June 19, 2002 
H:m Residence 

., 

Kumamoto-shi, Kumamoto, Japan [~- CltlZenshlp 
Japanese 

fl.~~ Post Office Address 
7-763-2-1, Kurokami, Kurnamoto-shi, 
Kumamoto 860-0862 Japan 

ffl :-::ttli:l ~ !Jl-lt Ful name of second jon lnwntor, if V!y 
Masahiro Iida 

~-::Jt!lij~tJJ~· a# Sec:ond irli;entcr'a ~nature 0,,, b.J Oat• 
~.,. __ f- n. June 19, 2002 

{l;r,r Residence 
Fujisawa-shi, Kanagawa, Jap:tn 

001i Citizenship 
Japanese 

fl.3B Post Office Addfess 
5-1-102, Takaya, Fujisawa-shi, 

Kanagawa 250-0017. Jaf)cln 

(ffl=.J;lfi$d);tl:r.:l~!Jf.fi·1~··:n ,-c- t /lljt,;.:-:~L. ,W,t,-!--r (Supply 1iml~r 1nrormatlon and signature fOf third and subsequent 

~ =- t) joint invent01a.) 

Page 3 nf 3 



... -- -~ ... ;• .... 

PATENT NUMB ~nd 
ISSUE DATE .... _ 

T • ! Z • ff ~ t•I 

FILING DATE 

06/28/2002 • -1· ... , •.. EXAMINER 

-~µ 
---""""'""' ' . 

. . . . . .. "' .. . 

••CONTINUING DATA VERIFIED: 

•• FOREIGN APPLICATIONS VERIFIED: 

JAPAN 2001-199644 06/29/2001 

PG-PUB DO NOT PUBLISH • RESCIND • 
Foreign priority claimed 0 yes • no TTORNEY DOCKET NO 
35 USC 119 conditions met o yes O no 

Verified and Acknowledged Examiners's intials 1687.1001 

TLE : Programmable logic circuit device having look up table enabling to reduce implementation area 

NOTICE OF ALLOWANCE MAILED 

ISSUE FEE 
Amount Dua Date Paid 

• TERMINAL 
DISCLAMER 

' U.S.DEPT. OF COMM./PAT.& n,l~P,T0,436L(Rev. 12·9'4 

-Assistant Examiner 

Primary, Examiner, 

PREPARED FOR ISSUE AppllcaUon Examln r 

WARNING: The information disclosed herein may be restricted. , 
Unauthorized disclosure may be prohibited by lhe United States Code Title 3S, f 
Sections 122,181 and 368, Possession outside the U.S. Patent & Trademark ~ ·. 
Office is restrieted to authori7.ed lo and contractors onl . · ·. S. 

FILED WITH: • DISK (CRF) • CO-R~ 
(Allached Iii pocket on light Inside bp) 



FEEV~ 

EARCH .,.,,,,,,.,,.AllllJIY • 
peP(lSIT Ml00UIIT ..a. . ~lEARCH NOTES 
,er - --~ ub. Date Exmr. 

·· (List databases searched. Attach 
search stratAnv inside.\ ·. 

Date Exmr. · 

l~,6. ~ :.;-- o/'trf> A-, 
r ·I 

'I I 
.. :..,.~. 

·:··/71·~="-·: 
. , 

.. 
_-..,_. -~. 

-
·' 

.. 
· . -~--

.. 
~..;:.-· 

INTERFERENCE SEARCHED 
Class Sub. Date Exmr. 



· ISSUE SUP STAPLE AREA ffN addltlon8I c:rosa-rufarenc) ·: ·-.~- ... ..,,, 
d·-.r • '. 

1SSUING CLASSIFICATION . . .. 

ORIGINAL CROSS REFERENCECS) 
CLASS SUBCLASS CLASS SUBCLASS CONE SUBCLASS PER BLOCK\ 

INTERNATIONAL 
ClASSIFICATION 

I 

I ' 

I 

I 

I /\ Continued on Issue Slip Inside FDe Jacket 
INDEX OF CLAIMS 

-:~-~ ::::~::;::::::::::i ·:~.~) ... ~ ~ ............... = ~:::::::::::::::~ ,t·--· 

........... •••••••••00000 

F"i=-t-,,.....,.-..-.-~Dala.=.......,~r--1 Claim Date ..unm Data 

I IIHI ·~~-­llQII•• 
lllHIIIII 
liUII•• 
IIIJHI 
lllllll 
IJIIIII 
lillllll 

'...:.· a;~•••--· IIWllll•• I 
DWIIHllll• I 
ii~llllll• I 
fiiW IIIH!HII 
11WIII•••· 
IHDII••• 
flWII••• • lliJI••• 
IIWIIII•• • WH••• 
~~t~IIII• 

_..,. Ill fil • 1111 •. 
-~• 1111111 ·~··••1 11rn••••1 

I f 
51 
52 

53 

54 
55 
58 
57 
58 

59 
60 

81 
82 

83 
84, 
85 

86 
87 
68 

69 

70 
71 
72 

73 

74 

101 
102 

103 
104 
105 
108 
107 
108 
109 
110 
111 
112 
113 
114 
115 
118 
117 

· 118 
119 
120 
121 
122 
123 
124 

1111111 
lli!lli 
IIUI 

l•••• liliil\l ····••11111 •••••••• •••••••• 1••••• 119 
1••••• 1u1 
l•••••• m 
l ••••• IH!I •••••••• •••••••• ·····••11 •••••••• 

I kf, •:'",.,..:; ... :=i------t----1~ 
1.;:: :; I-;'-,' ~..,?J::::+• -+-+-+-+'-+-+-i--i 

I 

-,~ 
I 
Ill_ 
Pi~ 

75 
78 
77 

78 

,125 
126 
1?:I 

128 

•••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• •••••••• 

79 129 

~El 
·. 31 

BO 
81 

130 
131 

32 82 132 

33 83 133 
3' 84 13' 

35 85 135 
38 86 138 

37 87 137 
38 88 138 

! 39 

40 
89 

90 
139 
140 

41 91 141 
~i 42 92 142 

43 93 143 
44 94 144 

45 95 145 
48 98 148 
47 97 147 
48 98 148 

4S 99 148 
100 150 

If IT!Ol'8 than 150 clalms or 9 actions staple additional sheet here 



~-I: 

rn 
~,; 

IJ.J 
in 
~; 

:J:l 
Cl 
a 

t) 
=• Yi 

m 
:':'': 
61d 

nl 
Ii;:: 

I 
i 

1. 18] 

2. 18] 

3. 18] 

4. 18] 

5. • 
6. • 
7. 18] 
8. • 
9. • 

10.0 

UTILITY 
PATENT APPLICATION 

TRANSMITTAL 

APPLICATION ELEMENTS 
See MPEP chapter 600 concerning utility patent 

application contents. 

Fee Transmittal Form 

S&H Form: PTO/SB/05 2/02 
Attorney Docket No. 1687 .1001 

First Named Inventor or Application Identifier: o 
Toshinori SUEYOSHI, et al. 

Express Mail Label No. 

ADDRESS TO: 
Assistant Commissioner for Patents 
Box Patent Application 
Washin ton, DC 20231 

Specification, Claims & Abstract ..... [Total Pages~ 

Drawing(s) (35 USC 113) .............. (Total Sheets~ [FIGS. 1-15 

Oath or Declaration ....................... ( Total Pages:i_J 
a. 18] Newly executed (original or copy) 
b. D Copy fro·m a prior application (37 CFR 1.63(d)) 

i. 0 DELETION OF INVENTOR(S) 
Signed statement attached deleting inventor(s) named in the prior application, 
see 37 CFR 1.63(d)(2) and 1.33(b). 

Verified Statement Claiming Small Entity Status 

Application Data Sheet. See 37 C.F.R. 1.76 

Applicant claims foreign priority benefit to: Ja anese A lication 2001-199644 filed June 29 200-lr-----+--I--JI 

CD-Rom or CD-R in duplicate, large table or Computer Program (Appendix) 

Nucleotide and/or Amino Acid Sequence Submission (if applicable, all necessary) 
a. 0 Computer Readable Form (CRF) 
b. 0 Specification Sequence Listing on: 

i. 0 CD-ROM or CD-R (2 copies); or 
II. 0 paper 

c. 0 Statement verifying identity of above copies 
For publication of assignee information under 37 CFR 1.215(b), list the assignee as. The Assignm~enffip;l;arnp~=~~ 
will be filed later. 

ACCOMPANYING APPLICATION PARTS 
11. 18] Assignment (cover sheet & document(s)) to SEMICONDUCTOR TECHNOLOGY ACADEMIC RESEARCH 

CENTER of Yokohama, Japan 

18] for publication of assignee information under 37 CFR 1.215(b) 

12. D 37 CFR 3.73(b) Statement (when there is an assignee) 0 Power of Attorney 

13. 0 English Translation Document (if applicable) 

14. 18] Information Disclosure Statement (IDS)/PTO-1449 18] Copies of IDS Citations 

15. 0 Preliminary Amendment 

16. 18] Return Receipt Postcard (MPEP 503) (Should be specifically itemized) 

17. 18] Certified Copy of Priority Document(s) (if foreign priority is claimed) 

18. D Request and Certification for Nonpublication under 35 U.S.C. 122(b)(2)(B)(i). Applicant must attach form 

PTO/SB/35 or its equivalent 

19. 0 Other: 

20. CORRESPONDENCEADDRESS 

21171 
PATENT TRADEMARK OFFICE 

©2001 Staas & Halsey LLP 

I 

' i I 
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S&H Form (2/02 

NEW APPLICATION Attorney Docket No. 1687.1001 
FEE TRANS MITT AL Aoolication Number 

Filing Date June 28, 2002 
AMOUNT ENCLOSED 

I 
$ 780.00 First Named Inventor Toshinori SUEYOSHI, et 

al. 
FEE CALCULATION (fees effective 10/01/01) 

CLAIMS (1) FOR (2) NUMBER (3) NUMBER (4) RATE (5) CALCULATIONS 
FILED EXTRA 

TOTAL CLAIMS 20 -20 = 0 X$ 18.00= $ 0.00 

INDEPENDENT 3 - 3 = 0 X $ 84.00 = 0.00 
CLAIMS 
MULTIPLE DEPENDENT CLAIMS (any number; + $280.00 = 
if aoolicable) 

BASIC FILING 740.00 
FEE 
Total of above $ 740.00 
Calculations = 

Surcharge for late filing fee, Oath or Declaration (37 CFR 1.53(f)) 
($130.00) 
Reduction by 50% for filing by small entity (37 CFR 1.27). 

TOTAL FILING $ 740.00 
FEE= 

Surcharge for filing non-English language application ($130.00; 
37 CFR 1.52(d)) 
Recordation of Assignment ($40.00; 37 CFR 1.21(h)) 40.00 

TOTAL FEES $ 780.00 
DUE= 

METHOD OF PAYMENT 

[81 Check enclosed as payment. 

• Charge "TOTAL FEES DUE" to the Deposit Account No. below. 

• No payment is enclosed and no charges to the Deposit Account are authorized at this time 
(unless specifically required to obtain a filing date). 

GENERAL AUTHORIZATION 
[81 If the above-noted "AMOUNT ENCLOSED" is not correct, the Commissioner is hereby 

authorized to credit any overpayment or charge any additional fees necessary to: 

Deposit Account No. 19-3935 

Deposit Account Name ST AAS & HALSEY LLP 

[81 The Commissioner is also authorized to credit any overpayments or charge any additional fees 
required under 37 CFR 1.16 (filing fees) or 37 CFR 1.17 (processing fees) during the 
prosecution of this application, including any related application(s) claiming benefit hereof 
pursuant to 35 USC 120 (e.g., continuations/divisionals/CIPs under 37 CFR 1.53(b) and/or 
continuations/divisionals/CPAs under 37 CFR 1.53(d)) to maintain pendency hereof or of any 
such related annlication. 

SUBMITTED BY: STAAS & HALSEY LLP 
Typed Name H.J. Staas Reg. No. 22,010 

Signature flJCir;z~ Date June 28, 2002 
© 2001 Staas & Halse y LLFY' 
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if () 
PROCESSING 1 

else if () . 
PROCESSING 2 

else if () 
PROCESSING 3 

else 
PROCESSING 4 
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case() 
0: PROCESSING P1 
1 : PROCESSING P2 
2: PROCESSING P3 
3: PROCESSING P4 
default: PROCESSING P1 

endcase 
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PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE 

ENABLING TO REDUCE IMPLEMENTATION AREA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an 

architectural technology for configuring a look up table 

that enables implementation area to be reduced. 

10 2. Description of the Related Art 

15 

20 

Recently, a programmable logic circuit device 

has attracted much attention as a device that can realize 

various logic circuits which meets diverse needs of users 

by programming internal circuits. Such a programmable 

logic circuit device is known as PLO (Programmable Logic 

Device) or FPGA (Field Programmable Gate Array), and 

recently is increasingly used not only for trial 

fabrication of hardwares, but also for constructing a 

large scale circuit (for example, a microprocessor) that 

has various functions in itself. These programmable 

logic circuits comprise look up tables (LUT: Look Up 

Table) as major components, and reduction of circuit area 

of such LUTs is strongly desired. 

A look up table (LUT) as a major component of a 

25 programmable logic circuit device (PLO or FPGA) is 

composed of memories, and is capable of implementing an 

arbitrary logic circuit. Basic architecture of such a 

FPGA has been previously disclosed, for example, in U.S. 

Patent No. 4,706,216, and U.S. Patent No. 4,870,302. 

30 Multi-context and cluster architecture of plural LUTs in 

FPGA has been disclosed, for example, in U.S. Patent No. 

5,778,439 and U.S. Patent No. 5,905,385, etc. With 

regard to evaluation of LUT used in FPGA (for example, 

evaluation of functionality and area, as well as 

35 performance evaluation, and evaluation of cluster 

architecture), study results are found in, for example, 

J. Rose et al., "Architecture of Field Programmable Gate 
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Arrays: The Effect of Logic Block Functionality on Area 

Efficiency", IEEE J. Solid State Circuits, vol. 25, no. 

5, pp. 121 7 - 12 2 5, Oct. 19 9 O, J. Rose et al. , "The 

Effect of Logic Block Architecture on FPGA Performance", 

5 IEEE J. Solid State Circuits, vol. 27, no. 3, pp. 281-

287, Mar. 1992, and E. Ahmed et al., "The Effect of LUT 

and Cluster Size on Deep Sub-micron FPGA Performance and 

Density", FPGA 2000, Monterey, CA USA, 2000. 
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In a programmable logic circuit device, the 

number of bits M of input signal for the logic circuit 

that can be implemented corresponds to the number of bits 

of the address of memory composing the LUT, and the 

number of bits N of output signal corresponds to the 

number of output bits of the memory. Thus, a logic 

circuit that can be implemented in one LUT is an 

arbitrary logic circuit of M inputs and N outputs. Such 

a LUT is denoted in the present specification as M-input 

N-output LUT. 

Conventionally, in FPGA for example, the input 

number Mand output number N are both fixed value. Any 

logic circuit is divided in circuit unit of M inputs and 

N outputs, and is implemented using plural LUTs. 

Therefore, in a conventional FPGA, even if 

circuit division results in a circuit having input bit 

25 number less than M, one LUT needs to be assigned to this 

circuit, leading to unnecessary increase of 

implementation area (logic and routing circuitry area; 

circuit area). 

SUMMARY OF THE INVENTION 

30 An object of the present invention is to reduce the 

circuit area of a look up table (LUT) and hence of a 

programmable logic circuit device. Another object of the 

present invention is to reduce power consumption of a 

programmable logic circuit device. 

35 According to the present invention, there is 

provided a look up table of M inputs and N outputs, 

comprising a plurality of LUT units; and an internal 
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configuration control circuit controlling an internal 

configuration of the plurality of LUT units. 

Further, according to the present invention, there 

is provided a programmable logic circuit device 

5 comprising a plurality of logic blocks; a plurality of 

routing wires connected to each of the logic blocks; a 

plurality of switch circuits provided at an intersection 

of each of the routing wires; a plurality of connection 

blocks provided between an I/0 line of each of the logic 

10 
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blocks and each of the routing wires; and an I/0 block 

performing an input/output operation with external 

equipment, wherein each of the logic blocks has a look up 

table of M inputs and N outputs, comprising a plurality 

of LUT units; and an internal configuration control 

circuit controlling an internal configuration of the 

plurality of LUT units. 

The internal configuration control circuit may 

comprise a plurality of selectors selecting I/0 signals 

of the plurality of LUT units; and a selector control 

circuit controlling the selectors and defining the 

internal configuration of the plurality of LUT units. 

The selector control circuit may comprise a memory, and 

control the plurality of selectors in accordance with 

data stored in the memory. 

25 The plurality of selectors may include an input 

signal selector provided at an input of at least one of 

the LUT units to select an input signal; and an output 

signal selector provided at an output of the LUT units 

selecting an output signal, the input signal selector and 

30 the output signal selector being controlled in accordance 

with the data stored in the memory. The plurality of 

selectors may include an input signal selector provided 

at an input of at least one of the LUT units to select an 

input signal; and an output signal selector provided at 

35 an output of the LUT units selecting an output signal, 

the input signal selector and the output signal selector 

being controlled in accordance with the input signal. 
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The look up table of M inputs and N outputs may be a 

6-input 3-output look up table. The 6-input 3-output 

look up table may comprise eight 3-input !-output LUT 

units. The 6-input 3-output look up table may comprise 

5 four 3-input 2-output LUT units. 
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In addition, according to the present invention, 

there is also provided a method of configuring a look up 

table of M inputs and N outputs, comprising the steps of 

providing a plurality of LUT units; and selectively 

controlling I/O signals of the plurality of LUT units to 

set a predetermined mode of an internal configuration. 

The I/O signals of the plurality of LUT units may be 

selectively controlled in accordance with data stored in 

the corresponding look up table. An input signal input 

to at least one of the LUT units and an output signal 

output from the LUT unit may be selectively controlled in 

accordance with data stored in the corresponding look up 

table. An input signal input to at least one of the LUT 

units and an output signal output from the LUT unit may 

be selectively controlled in accordance with a 

predetermined function of the input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly 

understood from the description of the preferred 

25 embodiments as set forth below with reference to the 

accompanying drawings, wherein: 

Fig. 1 is a block diagram showing an example of FPGA 

to which the present invention is applied; 

Fig. 2 is a block diagram showing a 6-input 3-output 
30 LUT as an example of LUTs in the FPGA; 

Figs. 3A, 3B, 3C, 3D, 3E, and 3F are block diagrams 

showing the mode of internal configuration of the 6-input 

3-output LUT shown in Fig. 2; 

Fig. 4 is a view useful for explaining an example of 

35 the method of mapping circuits in a look up table; 

Fig. 5 is a block diagram showing a 6-input 3-output 

LUT as an example of a LUT in FPGA according to the 
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present invention in conjunction with input/output 

signal; 

Fig. 6 is a block diagram showing an example of the 

internal configuration of the 6-input 3-output LUT shown 

5 in Fig. 5; 

Fig. 7 is a block diagram showing an example of 3-

input !-output LUT unit in the 6-input 3-output LUT of 

Fig. 6; 

Fig. 8 is a block diagram showing another example of 

10 3-input 1-output LUT unit in the 6-input 3-output LUT of 

Fig. 6; 

15 
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Fig. 9 is a block diagram showing another example of 

the internal configuration of the 6-input 3-output LUT 

shown in Fig. 5; 

Fig. 10 is a is a block diagram showing an example 

of 3-input 2-output LUT unit in the 6-input 3-output LUT 

of Fig. 9; 

Fig. 11 is a block diagram showing another example 

of 3-input 2-output LUT unit in the 6-input 3-output LUT 

of Fig. 9; 

Fig. 12 is a block diagram showing still another 

example of 3-input 2-output LUT unit in the 6-input 3-

output LUT of Fig. 9; 

Fig. 13 is a block diagram showing an example of 

25 configuration of a 8 operation ALU circuit (ALU 16); 

Fig. 14 is a view showing difference of the area 

ratio for ALU 16 shown in Fig. 13 when implemented with 

LUT in conventional FPGA compared to LUT in FPGA 

according to the present invention; and 

30 Fig. 15 is a view showing difference of the number 

of bits of configuration data for ALU 16 shown in Fig. 13 

when implemented with LUT in conventional FPGA compared 

to LUT in FPGA according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 Now, a look up table, a programmable logic circuit 

device comprising a look up table and a method for 

configuring a look up table according to the present 
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invention will be described in detail below with 

reference to appended drawings. 

Fig. 1 is a block diagram showing an example of FPGA 

to which the present invention is applied. In Fig. 1, 

5 reference numeral 100 denotes FPGA as an example of a 

programmable logic circuit device, 101 is an I/O block, 

102 is a logic block (CLB: Configurable Logic Block), 103 

is a connection block (C), 104 is a switch matrix (S), 

and 105 denotes routing wires. 
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As shown in Fig. 1, FPGA 100 is comprised of logic 

blocks (CLB) 102 arranged in the form of array, routing 

wire (channel area) 105 surrounding these CLB 102, and 

I/O blocks 101. At the intersection of the routing wire 

105, switch matrices (S) 104 are disposed for connecting 

these components, and connection block (C) 103 is 

disposed between the I/O line of each CLB 102 and the 

routing wire 105. Each CLB 102 is comprised of a look up 

table (LUT) 121, latches 122, and selectors 123. The 

present invention relates mainly to the configuration of 

LUT 121. 

Fig. 2 is a block diagram showing a 6-input 3-output 

LUT as an example of a LUT in a FPGA. This is an example 

of a LUT 121 in Fig. 1. Thus, the LUT shown in Fig. 2 

corresponds to the configuration of a case of M-input N-

25 output LUT in which M = 6, N = 3. The case of M = 6, N = 
3 is only an example, and value of Mand N is not limited 

to this case, but may include various other values, and 

may include the case M = N, or M < N. 

Figs. 3A to 3F are block diagrams showing different 

30 modes of internal configuration of the 6-input 3-output 

LUT shown in Fig. 2, and showing that, as will be 

described in detail later, by varying the values (X, Y, 

Z)of mode changing memory (71), the 6-input 3-output LUT 

can be set to different internal configurations as shown 

35 in Figs. 3A to 3F. 

Specifically, Fig. 3A shows a case where the 6-input 

3-output LUT is set to a mode of three 2-input I-output 
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LUT. In conventional FPGA (conventionally composed by 

using 4-input !-output LUT as a unit), for example, three 

LUTs (4-input !-output LUT) are required to assign three 

2-input !-output circuits to LUTs. In the configuration 

5 shown in Fig. 3A, only one 6-input 3-output LUT needs to 

be used for this purpose. 
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Area ratio of 4-input !-output LUT to 6-input 3-

output LUT including routing channel area is about 1 : 

1.5. Therefore, as compared to the conventional 

configuration using three 4-input 1-output LUTs, the 

configuration shown in Fig. 3A can reduce the circuit 

area ratio to about { 1 X 3) : 1.5, that is, to about 1 : 

0.5. Thus, reduction of circuit area of maximum 50% can 

be achieved. 

Fig. 3B shows a case where the LUT is set to a mode 

of two 3 input 1 output LUTs. In this case, as compared 

to the conventional configuration where two 4-input 1-

output LUTs are used, the circuit area ratio can be 

reduced to (1 x 2) : 1.5, that is, 1 : 0.75. Thus, 

reduction of circuit area of maximum 25% can be achieved. 

Further, Fig. 3C shows a case where the 6-input 3-

output LUT is set to a mode of 6-input 1-output LUT. 

Fig. 3D shows a case where the 6-input 3-output LUT 

is set to a mode of 3-input 1-output LUT x 8 planes. 

Fig. 3E shows a case where the 6-input 3-output LUT 

is set to a mode of 4-input 1-output LUT x 4 planes, and 

Fig. 3F shows a case where the 6-input 3-output LUT is 

set to a mode of 5-input 1-output LUT x 2 planes. 

Fig. 4 is a view useful for explaining the mapping 

30 method of circuits in the look up table, which shows the 

reason why mode setting of Figs. 3D to 3F above is 

possible. 

As shown in Fig. 4, in the mapping method which 

utilizes, for example, the control structure of if~, 

35 else, case, etc., in RTL (Register Transfer Level) 
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description of HDL (Hardware Description Language), since 

it is guaranteed that conditional branching is not 

explicitly simultaneous operation, processing within each 

condition is mapped to each context. Switching between 

5 contexts is performed, for example, by a signal from a 

control circuit implemented in other LUT (look up table). 

In such a case, as shown in above described Figs. 3D 

to 3F, plural LUTs can be configured with one LUT. 

Specifically, in the case shown in Fig. 3D, eight 3-input 

10 1-output LUTs can be configured with one LUT (in Fig. 3D, 

one 6-input 3-output LUT). In the case shown in Fig. 3E, 

four 4-input 1-output LUTs can be configured with one 

LUT, and in the case shown in Fig. 3F, two 5-input 1-
output LUTs can be configured with one LUT. 

15 

20 

Specifically, in the configuration shown in Fig. 3E, 

for example, as compared to conventional configuration 

using four 4-input 1-output LUTs, the circuit area ratio 

can be reduced to about (1 x 4) 1.5, that is, 1 : 

0.375. Thus, reduction of implementation area (circuit 

area) of maximum about 62% can be achieved. In other 

words, the LUTs shown in Fig. 3E (LUTs configured with 

one 6-input 3-output LUT) can be configured in 

implementation area of about 32% of conventional LUTs 

(four 4-input 1-output LUTs), and can also substantially 

25 decrease the power consumption. 

Also, if the case where an ALU circuit of 8 

operations is implemented with conventional 4-input 1-

output LUTs, is compared with the case where the 6-input 

3~output LUT is used as 4-input 1-output LUT x 4 planes 

30 for implementing same ALU circuit, circuit area can be 

reduced to about 75%, and achieve considerable 

improvement in packaging efficiency. 

Fig. 5 is a block diagram showing a 6-input 3-output 

LUT 7 as an example of LUT in FPGA according to the 

35 present invention in conjunction with the I/O signals. 

This corresponds to the 6-input 3-output LUT as shown in 
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Fig. 2 with six input signals A, B, C, D, E, F and three 

output signals Q, v, wadded thereto. 

Fig. 6 is a block diagram showing an example of 

internal configuration of the 6-input 3-output LUT shown 

5 in Fig. 5. 
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As shown in Fig. 6, the 6-input 3-output LUT 7 (121) 

is comprised of a mode changing memory 71, selectors 721 

726, and 3-input !-output LUT units (memory array) 731 

738. The mode changing memory 71 stores 3 bits data X, 

Y, z designated by a user so as to set the relation 

between 6 bit input A - F and 3 bit output Q, V, Win 

accordance with user"s request. 

A predetermined signal within 6 bit input signal is 

input to each selector (selector for selecting input 

signal) 721 - 725, so as to select input signal in 

accordance with data stored in the mode changing memory 

71. That is, signals A, Care input to the selector 721, 

and signals B, Dare input to selector 722, and one of 

the signals is selected by selection signal FO (X, Y, Z) 

specified by data X, Y, z, and is output, respectively. 

Similarly, signals A, Dare input to the selector 723, 

and signals B, E are input to the selector 724, and 

signals C, Fare input to the selector 725, and one of 

the signals is selected by selection signal Fl (X, Y, Z) 

25 specified by data X, Y, z, and is output, respectively. 

Each of 3-input 1-output LUT units 731 - 738 is 

comprised of an address decoder, a memory and a selector, 

as described later, and outputs 1 bit signal in response 

to 3 bit input signal, respectively. Thus, signals A, B, 

30 Care input to each of LUT units 731, 732, 734 - 736 and 

738, and one of the signals A or c and one of the signals 

B or D selected by selection signal FO, and the signal C 

is input to the LUT unit 733, and one of the signals A or 

D, and one of the signals B or E, and one of the signals 

35 c or F, selected by the selection signal Fl is input to 
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the LUT unit 737. Output signals from the LUT units 731 

- 738 are input to a selector (selector for selecting 

output signal) 726, and one of the signals is selected by 

selection signal F2 (D, E, F, x, Y, Z) specified by 

5 signals D, E, F and data X, Y, z, and is output as signal 

v. The signal Q is the output signal from the LUT unit 

731, and the signal w is the output signal from the LUT 

unit 737. 
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Fig. 7 is a block diagram showing an example of 3-

input 1-output LUT unit 731 in the 6-input 3-output LUT 7 

of Fig. 6. All of the 3-input 1-output LUT units 731 ~ 

738 are of similar configuration. 

The LUT unit 731 shown in Fig. 7 is comprised of an 

address decoder 7311, a selector 7312, and two sets of 4 

bit memory unit groups Mll - M14, M21 - M24. The address 

decoder 7311 decodes 2 bit input signal A, B to designate 

each one of the memory unit groups Mll ~ Ml4 and M21 -

M24, and further according to the input signal C, selects 

one of the sets Mll - M14 or M21 - M24 to output data. 

Fig. 8 is a block diagram showing another example of 

3-input I-output LUT unit 731 in the 6-input 3-output LUT 

7 of Fig. 6. 

The LUT unit 731 shown in Fig. 8 is comprised of an 

address decoder 7313, and 8 bit memory unit groups M31 

25 M38. The address decoder 7313 decodes the 3 bit input 

signals A, B, C, to designate one of the memory unit 

groups M31 - M38, and output the data (Q). 

The relation of the 3 bit data X, Y, z, designated 

by the mode changing memory 71 in the 6-input 3-output 

30 LUT shown in Fig 6 as described above and the 

corresponding internal configurations (configuration 

modes) will be explained below with reference to Figs. 3A 

3F. 

First, when, as shown in Fig. 3A, the 6-input 3-

35 output LUT 7 (121) is set to the mode of three 2-input 1-
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output LUTs, the selection signal FO and Fl select an 

input "1" at each of the selectors 721, 722 and 723 -

725, and further, the selection signal F2 selects an 

input "2" at the selector 726. 

5 That is, the user designates the 3 bit data x, Y, z 

10 

15 

20 

to be stored in the mode changing memory 71 such that the 

selection signal FO (X, Y, Z) and Fl (X, Y, Z) selects an 

input ''l" at each of the selectors 721, 722 and 723 -

725, and that the selection signal F2 (D, E, F, x, Y, Z) 

selects an input "2" at the selector 726. 

Thus, by using the LUT unit 731 to which signals A, 

B, care input and which outputs signal Q, the LUT unit 

733 to which the signals C, D via the selectors 721, 722 

and the direct signal Care input and which outputs the 

signal V via the selector 726, and the LUT unit 737 to 

which the signals D, E, Fare input via the selectors 723 

- 725 and which outputs the signal w, the three 2-input 

I-output LUTs as shown in Fig. 3A can be configured. 

Although the input signal C in the LUT unit 731, one of 

the input signal C in the LUT unit 733, and the input 

signal Din the LUT unit 737 via the selector 723 are 

extra input signals in each of the LUT units, there is no 

problem about it. 

Next, when, as shown in Fig. 3B, the 6-input 3-

25 output LUT 7 is set to the mode of two 3-input I-output 

LUTs, the 3 bit data X, Y, z to be stored in the mode 

changing memory 71 is designated such that the selection 

signal Fl selects an input signal ''l" at the selectors 

723 - 725. By using the LUT unit 731 to which the 

30 signals A, B, Care input and which outputs the signal Q, 

and the LUT unit 737 to which the signals D, E, Fare 

35 

input via the selector 723 - 725 and which outputs the 

signal w, the two 3-input I-output LUTs as shown in Fig. 

3B can be configured. 

When, as shown in Fig. 3C, the 6-input 3-output LUT 
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is set to the mode of 6-input 1-output LUT, the selection 

signals FO and Fl select an input "0" at each selector, 

and the selection signal F2 determines the value of the 

selector 726 from input signals D, E, F, and outputs the 

5 signal v. Thus, from 6 bit input of the signals A, B, C, 

and the signals D, E, F, 1 bit signal Vis output. 
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As shown in Fig. 3D, when the 6-input 3-output LUT 

is set to the mode of 3-input I-output LUT x 8 planes, 

the selection signals FO and Fl select an input "0" at 

each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

outputs the signal V. In this case, the signals D, E, F, 

use plane switching signals. 

As shown in Fig. 3E, when the 6-input 3-output LUT 

is set to the mode of 4-input I-output LUT x 4 planes, 

the selection signals FO and Fl select an input "0" at 

each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

outputs the signal v. In this case, the signal Dis one 

of 4 bit input signals together with the signals A, B, C, 

and the signals E and Fuse plane switching signals. 

As shown in Fig. 3F, when the 6-input 3-output LUT 

is set to the mode of 5-input I-output LUT x 2 planes, 

the selection signals FO and Fl select an input "0" at 

25 each selector, and the selection signal F2 determines the 

value of the selector 726 from the signals D, E, F, and 

30 

35 

outputs the signal v. In this case, the signal D and E 

are two of 5 bit input signals together with the signals 

A, B, c, and the signals Fuses a plane switching signal. 

As has been described above, according to the 

present embodiment, the 6-input 3-output LUT, for 

example, may be used in various modes of internal 

configuration by varying the values X, Y, z of the mode 

changing memory. 

Fig. 9 is a block diagram showing another example of 

internal configuration, which is different from the above 
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described internal configuration of 6-input 3-output LOT 

shown in Fig. 6. 

As shown in Fig. 9, the 6-input 3-output LOT 8 (121) 

is comprised of a mode changing memory 81, selectors 821 

5 - 826, and 3-input 2-output LOT units 831 - 834. The 

mode changing memory 81 stores 3 bit data X, Y, z, 
designated by a user, so as to set the relation between 6 

10 

15 

20 

bit input A F and 3 bit output Q, v, win accordance 

with user's request. 

Thus, in contrast to the above described 6-input 3-

output LOT 7 shown in Fig. 6, which comprises eight 3-

input I-output LOT units 731 - 738, the present 6-input 

3-output LOT 8 comprises four 3-input 2-output LOT units 

831 - 834, and except for this, has substantially the 

same configuration. 

3 bit data x, Y, z, designated to the mode changing 

memory 81 of the LOT 8 shown in Fig. 9, selection signals 

FO (X, Y, Z), Fl (X, Y, Z), and F2 (D, E, F, X, Y, Z), as 

well as the operation of selectors 821 - 826 

(corresponding to the selectors 721 - 726) controlled by 

these selection signals FO, Fl, F2, are the same as has 

been described with reference to Fig. 6 and Figs. 3A -

3F, and explanation thereof is therefore omitted. 

Fig. 10 is a block diagram showing an example of 3-

25 input 2-output LOT units in the 6-input 3-output LOT 

shown in Fig. 9. All of the 3-input 2-output LOT units 

831 834 have the identical configuration. 

30 

The LOT unit 831 shown in Fig. 10 is comprised of an 

address decoder 8311, selectors 8312, 8313, and four sets 

of 4 bit memory unit group M41 - M44, MSl M54, M61 

M64, M71 - M74. The address decoder 8311 decodes 2 bit 

input signal A, B to designate each one for the four sets 

of memory unit group M41 - M44, M51 - M54, M61 - M64, M71 

- M74, and by the input signal C, selects and outputs the 
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data of one of the two sets of memory unit group M41 -

M44 or M51 - M54 (output signal Q: the signal supplied to 

the input "0" of the selector 826), and data of one of 

the two sets of memory unit group M61 M64 or M71 - M74 

5 ( the signal supplied to the input "1" of the selector 

826). 
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Fig. 11 is a block diagram showing another example 

of 3-input 2-output LUT units in the 6-input 3-output LUT 

shown in Fig. 9. 

The LUT unit 831 shown in Fig. 11 is comprised of an 

address decoder 8314, and two sets of 8 bit memory unit 

group M81 - M88 and M91 - M98. The address decoder 8314 

decodes 3 bit input signal A, B, C to designate each one 

for the two sets of memory unit group M81 - M88 and M91 -

M98, and outputs respective data (output signal Q: signal 

supplied to the input ''0", and signal supplied to the 

input "l"). 

Fig. 12 is a block diagram showing still another 

example of 3-input 2-output LUT units in the 6-input 3-

output LUT shown in Fig. 9. 

The LUT unit 831 shown in Fig. 12 is comprised of an 

address decoder 8315, selectors 8316, 8317, and eight 

sets of 2 bit memory unit group Mlll, M121; M112, M122; 

... ; M118, M128. The address decoder 8315 decodes 1 bit 

25 input signal A to designate each one for the eight sets 

of memory unit group Mlll, M121 - M118, M128, and by 2 

bit input signal B, C, selects and outputs the data of 

one set of the memory unit group Mlll, M121 - Mll4, M124 

(output signal Q: the signal supplied to the input "0" of 

30 the selector 826), and the data of one set of the memory 

unit group Mll5, Ml25 - Ml18, Ml28 (signal supplied to 

the input "l" of the selector 826). 

Fig. 13 is a block diagram showing an exemplary 

configuration of an ALU circuit (ALU 16) 90 of 8 

35 operations. In Fig. 13, reference symbols G and H denote 
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16 bit data, I denotes command signal that determines the 

operation, and J denotes output signal. 

As shown in Fig. 13, the ALU circuit 90 is comprised 

of eight operation circuits consisting of OR circuit 91, 

5 AND circuit 92, XOR circuit 93, not circuit 94, + 
(addition) circuit 95, NE (Not Equal) circuit 96, GT 

(Greater Than) circuit 97 and SHIFT circuit 98 having 16 

bit data G and H input therein, respectively, and a 

selector 99 for selecting the output from the eight 

10 

15 

20 

operation circuits 91 to 98 in accordance with the 

command signal I, and outputs the output signal J portion 

corresponding to the command signal I. 

Cases where the ALU circuit (ALU 16) 90 shown in 

Fig. 13 is implemented with 3-input 1-output LUT to 7-

input 1-output LUT as used in conventional FPGA 

(horizontal axis: 3 LUT - 7 LUT) is compared with cases 

where it is implemented with the 6-input 3-output LUT as 

shown in Fig. 6 (configuration comprising eight 3-input 

1-output LUT 731 - 738, a mode changing memory 71 and 

selectors 721 - 726: 3 LUT * 8) and with the 6-input 3-

output LUT as shown in Fig. 9 (configuration comprising 

four 3-input 2-output LUT 831 - 834, a mode changing 

memory 81 and selectors 821 - 826: 4 LUT * 4) as used in 

the FPGA according to the present invention, are compared 

25 in the following Figs. 14 and 15. The ALU 16 is equipped 

with, for example, a data selector for switching wire 

connection (a circuit which does not require LUT), a 

random logic (a circuit composed of LUT) and a flip-flop 

(a circuit for fixed portion of logic block). It is to 

30 be understood that the comparison in Figs. 14 and 15 is 

performed assuming that conditions other than the 

configuration of LUT are substantially the same. 

Fig. 14 is a view showing the difference of the area 

ratio when the ALU 16 as shown in Fig. 13 is implemented 

35 with LUT used in conventional FPGA and in FPGA according 
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to the present invention (3 LUT 7 LUT and 6-input 3-

output LUT (3 LUT * 8 and 4 LUT * 4)). Fig. 15 is a view 

showing the difference of number of bits of configuration 

data when the ALU 16 as shown in Fig. 13 is implemented 

5 with LUT used in conventional FPGA and in FPGA according 

to the present invention. Vertical axis in Fig. 14 

represents the area when the ALU 16 is configured using 

various LUTs, expressed as area ratio assuming the area 

of the case when configured with commonly used 4-input 1-

10 

15 

20 

output LUT (4 LUT) to be equal to 1. Vertical axis in 

Fig. 15 represents the number of bits of configuration 

data when the ALU 16 is configured using various LUTs. 

As can be seen from Fig. 14, when the ALU 16 as 

shown in Fig. 13 is implemented with the 6-input 3-output 

LUT used in FPGA according to the present invention (3 

LUT * 8 and 4 LUT * 4), for example, the area ratio is 

greatly reduced compared to the case where the same ALU 

16 is implemented with LUT used in conventional FPGA (3 

LUT - 7 LUT). More specifically, it can be seen that the 

case of 3 LUT * 8 where the 6-input 3-output LUT is 

implemented as 3-input 1-output LUT x 8 planes gives an 

area about 75% of that for the case where 4-input 1-

output LUT (4 LUT) is used to implement the ALU 16 and 

gives the smallest area in conventional LUTs. 

25 Further, as can be seen from Fig. 15, the number of 

bits of configuration data for the case where the ALU 16 

is implemented with the 6-input 3-output LUT used in FPGA 

according to the present invention (3 LUT * 8 and 4 LUT * 
4) is comparable to that for the case of 4 LUT that gives 

30 the smallest value among the conventional cases. Thus, 

although the 6-input 3-output LUT of the present 

invention requires 4 times as much configuration data as, 

for example, 4-input 1-output LUT, the number of bits of 

the configuration data can be made comparable. This is 

35 due to the fact that the conventional LUT constructs the 

selectors in output stage with LUTs while the present 
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invention achieves it by switching of routing wires so 

that number of LUTs used can be reduced. 

In the above description, the 6-input 3-output LUT 

used in the FPGA according to the present invention is 

5 only an example, and the present invention can be equally 

applied to M-input N-output (e.g., 8-input 4-output) LUT. 

Further, it is to be understood that configuration of the 

6-input 3-output LUT itself, for example, is not limited 

to the eight 3-input 1-output LUT units shown in Fig. 6, 

10 

15 

20 

or to the four 3-input 2-output LUT units shown in Fig. 

9, and various modification is possible within the scope 

of the invention. 

As has been described above in detail, according to 

the present invention, the circuit area of a look up 

table (LUT) or a programmable logic circuit device can be 

reduced. Further, according to the present invention, 

the power consumption of a programmable logic circuit 

device can also be reduced. 

Many different embodiments of the present invention 

may be constructed without departing from the spirit and 

scope of the present invention, and it should be 

understood that the present invention is not limited to 

the specific embodiments described in this specification, 

except as defined in the appended claims. 
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is claimed is: 

look up table of M inputs and N outputs, 

a plurality of LUT units; and 

an internal configuration control circuit 

controlling an internal configuration of said plurality 

of LUT units. 

2. The look up table as claimed in claim 1, 

wherein said internal configuration control circuit 

comprises: 

a plurality of selectors selecting I/O 

signals of said plurality of LUT units; and 

a selector control circuit controlling 

said selectors and defining the internal configuration of 

said plurality of LUT units. 

3. The look up table as claimed in claim 2, 

wherein said selector control circuit comprises a memory, 

and controls said plurality of selectors in accordance 

with data stored in said memory. 

4. The look up table as claimed in claim 3, 

wherein said plurality of selectors include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

25 an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the data stored in 

said memory. 

30 \ ,'1/5. The look up table as claimed in claim 3, 

wherein said plurality of ·selectors include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

35 an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 



El 

5 

10 

15 

20 

• ,,, 
: 

- 19 -

being controlled in accordance with the input signal. 

6. The look up table as claimed in claim 1, 

wherein said look up table of M inputs and N outputs is a 

6-input 3-output look up table. 

7. The look up table as claimed in claim 6, 

wherein said 6-input 3-output look up table comprises 

eight 3-input I-output LUT units. 

8. The look up table as claimed in claim 6, -wherein said 6-input 3-output look up table comprises 

four 3-input 2-output LUT units. 

~ A programmable logic circuit device comprising: 

a plurality of logic blocks; 

a plurality of routing wires connected to 

each of said logic blocks; 

a plurality of switch circuits provided at 

an intersection of each of said routing wires; 

a plurality of connection blocks provided 

between an I/0 line of each of said logic blocks and each 

of said routing wires; and 

an I/0 block performing an input/output 

operation with external equipment, wher~in each of said 

logic blocks has a look up table of M inputs and N 

outputs, comprising: 

a plurality of LUT units; and 

25 an internal configuration control circuit 

controlling an internal configuration of said plurality 

of LUT units. 

10. The programmable logic circuit device as 

claimed in claim 9, wherein said internal configuration 

30 control circuit comprises: 

a plurality of selectors selecting I/0 

signals of said plurality of LUT units; and 

a selector control circuit controlling 

said selectors and defining the internal configuration of 

35 said plurality of LUT units. 

11. The programmable logic circuit device as 

claimed in claim 10, wherein said selector control 
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~ circuit comprises a memory, and controls said plurality 

of selectors in accordance with data stored in said 

memory. 

12. The programmable logic circuit device as 

5 claimed in claim 11, wherein said plurality of selectors 

include: 

10 

15 

20 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the data stored in 

said memory. 

, ,v 13. The programmable logic circuit device as 

claimed in claim 11, wherein said plurality of selectors 

include: 

an input signal selector provided at an 

input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an 

output of said LUT units selecting an output signal, said 

input signal selector and said output signal selector 

being controlled in accordance with the input signal. 

25 14. The programmable logic circuit device as 

claimed in claim 9, wherein said look up table of M 

inputs and N outputs is a 6-input 3-output look up table. 

15. The programmable logic circuit device as 

claimed in claim 14, wherein said 6-input 3-output look 

30 up table comprises eight 3-input 1-output LUT units. 

16. The programmable logic circuit device as 

claimed in claim 14, wherein said 6-input 3-output look 

up ~able comprises four 3-input 2-output LUT units. 

"1.1. A method of configuring a look up table of M 

35 inputs and N outputs, comprising the steps of: 

providing a plurality of LUT units; and 

selectively controlling I/0 signals of 
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said plurality of LUT units to set a predetermined mode 
of an internal configuration. 

18. The method of configuring a look up table as 

claimed in claim 17, wherein the I/0 signals of said 

5 plurality of LUT units are selectively controlled in 

accordance with data stored in the corresponding look up 
table. 

10 

15 

19. The method of configuring a look up table as 

claimed in claim 17, wherein an input signal input to at 

least one of said LUT units and an output signal output 
from said LUT unit are selectively controlled in 

accordance with data stored in the corresponding look up 

table. 

20. The method of configuring a look up table as 

claimed in claim 17, wherein an input signal input to at 

least one of said LUT units and an output signal output 

from said LUT unit are selectively controlled in 

accordance with a predetermined function of the input 
signal. 
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PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE 

ENABLING TO REDUCE IMPLEMENTATION AREA 

ABSTRACT OF THE DISCLOSURE 

A programmable logic circuit device has a plurality 

of logic blocks, a plurality of routing wires, a 

plurality of switch circuits, a plurality of connection 

blocks, and an I/0 block performing an input/output 

operation with external equipment. The routing wires are 

connected to each of the logic blocks, the switch 

circuits are provided at an intersection of each of the 

routing wires, and the connection blocks are provided 

between an I/0 line of each of the logic blocks and each 

of the routing wires. Each of the logic blocks has a 

look up table of M inputs and N outputs, which has a 

plurality of LUT units; and an internal configuration 

control circuit controlling an internal configuration of 

the plurality of LUT units. 
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Attorney Docket No. 1687 .1001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Toshinori SUEYOSHI, et al. 

Application No.: Group Art Unit: 

Filed: June 28, 2002 Examiner: 

For: PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING 
TO REDUCE IMPLEMENTATION AREA 

INFORMATION DISCLOSURE STATEMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In accordance with the duty of disclosure provisions of 37 CFR § 1.56, there is hereby 
provided certain information which the Examiner may consider material to the examination of 
the subject U.S. patent application. It is requested that the Examiner make this information of 
record if it is deemed material to the examination of the subject application. 

1. 

2. 

Enclosures accompanying this Information Disclosure Statement are: 

1a. ~ Form PTO-1449. 
1b. ~ Copies of IDS citations. 
1c. • An English language copy of search report(s) from a counterpart foreign 

application or a PCT International Search Report. 
1d. • English language translation (complete or relevant portion(s)) attached to 

each non-English language publication. 
1e. • Explanations of Relevancy of References (ATTACHMENT 1(e), hereto) for 

providing a concise explanation of each non-English publication. 

• In accordance with 37 CFR § 1.98, a concise explanation of what is presently 
understood to be the relevance of each non-English language publication is 

(Check appropriate Items 2a, 2b, 2c and/or 2d) 

2a. D satisfied because all non-English language publications were cited on the 
enclosed "English-language version of the search report or action which 
indicates the degree of relevance found by the foreign office". (See MPEP 
609, Minimum Requirements for an Information Disclosure Statement, Part 
A(3): Concise Explanation of Relevance, pp. 600-100 to 600-101, Rev. 1, 
Feb. 2000.) 

2b. D set forth in the application. 

®2001 Staas & Halsey LLP 



2c. D 

2d. 0 

satisfied because an English language translation (complete or relevant 
portion(s)) is attached to each non-English language publication. 
enclosed as Attachment 1 (e), hereto. 

3. No admission is made that the information cited in this Statement is, or is considered 
to be, material to patentability nor a representation that a search has been made 
(other than search report(s) from a counterpart foreign application or a PCT 
International Search Report, if submitted herewith). 37 CFR §§ 1.97(g) and (h). 

Dated: June 28, 2002 
700 Eleventh Street, N.W., Suite 500 
Washington, D.C. 20001 
Telephone: (202) 434-1500 
Facsimile: (202) 434-1501 

®2001 Staas & Halsey LLP 

Respectfully submitted, 

STAAS & HALSEY LLP 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 

Toshinori SUEYOSHI, et al. 

Application No.: Group Art Unit: 

Filed: June 28, 2002 Examiner: 

For: PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING 
TO REDUCE IMPLEMENTATION AREA 

SUBMISSION OF CERTIFIED COPY OF PRIOR FOREIGN 
APPLICATION IN ACCORDANCE 

WITH THE REQUIREMENTS OF 37 C.F.R. § 1.55 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

In accordance with the provisions of 37 C.F.R. § 1.55, the applicant(s) submit(s) 

herewith a certified copy of the following foreign application: 

Japanese Patent Application No(s). 2001-199644 

Filed: June 29, 2001 

It is respectfully requested that the applicant(s) be given the benefit of the foreign filing 

date(s) as evidenced by the certified papers attached hereto, in accordance with the 

requirements of 35 U.S.C. § 119. 

Date: June 28, 2002 

700 11th Street, N.W., Ste. 500 
Washington, D.C. 20001 
(202) 434-1500 

By: 

Respectfully submitted, 

ST AAS & HALSEY LLP 
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【書類名】

【整理番号】

【提出日】

【あて先】

【国際特許分類】

【発明の名称】

鼻、

特許願

0100295 

平成13年 6月29日

特許庁長官及川耕造殿

H03K 19/177 

HOlL 21/82 

ルックアップテーブル、ルックアップテーブルを備える

プログラマブル論理回路装置、および、ルックアップテ

ーブルの構成方法

【請求項の数】 11 

【発明者】

【住所又は居所】 熊本県熊本市黒髪 7-763-2-1

【氏名】 末吉敏則

【発明者】

【住所又は居所】

【氏名】

【特許出願人】

【識別番号】 396023993 

【氏名又は名称】 株式会社半導体理工学研究センター

神奈川県藤沢市高谷 5-1-102

飯田全広

【代理人】

【識別番号】 100077517 

【弁理士】

【氏名又は名称】 石田敬

【電話番号】 03-5470-1900 

【選任した代理人】

【識別番号】 100092624 

【弁理士】

【氏名又は名称】 鶴田準一
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【選任した代理人】

【識別番号】 100100871 

【弁理士】

【氏名又は名称】 土屋繁

【選任した代理人】

【識別番号】 100082898 

【弁理士】

【氏名又は名称】 西山雅也

色 【選任した代理人】

【識別番号】 100081330 

【弁理士】

【氏名又は名称】 樋口 外治

【手数料の表示】

【予納台帳番号】 036135 

【納付金額】 21,000円

【提出物件の目録】

【物件名】 明細書 1 

【物件名】 図面 1 

【物件名】 要約書 1 

【包括委任状番号】 9903088 

【プルーフの要否】 要
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【書類名】 明細書

＾
 

【発明の名称】 ルックアップテーブル、ルックアップテーブルを備えるプログ

ラマブル論理回路装置、および、ルックアップテーブルの構成方法

【特許請求の範囲】

【請求項 1】 M入力N出力のルックアップテーブルであって、

複数の LUTユニットと、

該複数の LUTユニットによる内部構成を制御する内部構成制御手段とを備え

ることを特徴とするルックアップテープル。

【請求項2】 請求項 1に記載のルックアップテーブルにおいて、前記内部

構成制御手段は、

前記複数のLUTユニットの入出力信号を選択する複数のセレクタと、

該各セレクタを制御して前記複数の LUTユニットによる構成を規定するセレ

クタ制御手段とを備えることを特徴とするルックアップテープル。

【請求項3】 請求項2に記載のルックアップテーブルにおいて、前記セレ

クタ制御手段はメモリを備え、該メモリに格納するデータに応じて前記複数のセ

レクタを制御することを特徴とするルックアップテーブル。

【請求項4】 請求項3に記載のルックアップテーブルにおいて、前記セレ

クタは、

少なくとも 1つの前記LUTユニットの入力に設けられて入力信号の選択を行

う入力信号選択用セレクタと、

前記LUTユニットの出力に設けられて出力信号の選択を行う出力信号選択用

セレクタとを備え、該入力信号選択用セレクタおよび該出力信号選択用セレクタ

は、前記メモリに格納するデータおよび／または前記入力信号に応じて制御され

ることを特徴とするルックアップテーブル。

【請求項5】 請求項 1に記載のルックアップテーブルにおいて、前記M入

カN出力のルックアップテーブルは、 6入力 3出力のルックアップテーブルであ

ることを特徴とするルックアップテーブル。

【請求項6】 請求項 5に記載のルックアップテーブルにおいて、前記 6入

力 3出力のルックアップテーブルは、 8つの 3入力 1出力LUTユニットを備え

ー 出証特 2001-31"14049



' 

特 2001-199644

ることを特徴とするルックアップテーブル。

【請求項7】 請求項5に記載のルックアップテーブルにおいて、前記6入

力 3出力のルックアップテーブルは、 4つの 3入力 2出力LUTユニットを備え

ることを特徴とするルックァップテーブル。

【請求項 8】 複数の論理ブロックと、該各論理プロックに接続される複数

の配線と、該各配線の交差個所に設けられた複数のスイッチ手段と、該各論理プ

ロックの入出力線と前記各配線との問に設けられた接続プロックと、外部との入

出力を行う I/0ブロックとを備えるプログラマブル論理回路装置であって、

前記論理ブロックは、請求項 1~7のいずれか 1項に記載のルックアップテー

ブルを備えることを特徴とするプログラマブル論理回路装置。

【請求項9】 M入力N出力のルックアップテーブルを構成する方法であっ

-てヽ

複数の LUTユニットを準備し、

該複数の LUTユニットの入出力信号を選択制御して所定の内部構成モードを

設定するようにしたことを特徴とするルックアップテーブルの構成方法。

【請求項 10】 請求項9に記載のルックアップテーブルの構成方法におい

て、前記複数の LUTユニットの入出力信号は、当該ルックアップテーブル内に

格納されるデータに応じて選択制御されることを特徴とするルックアップテープ

ルの構成方法。

'【請求項 11】 請求項9に記載のルックアップテーブルの構成方法におい

て、少なくとも 1つの前記LUTユニットに入力する信号、および、該LUTユ

ニットが出力する信号は、それぞれ当該ルックアップテーブル内に格納されるデ

ータおよび／または入力信号の所定の関数により選択制御されることを特徴とす

るルックアップテーブル。

【発明の詳細な説明】

【00 0 1】

（発明の属する技術分野】

本発明は実装面積の削減が可能なルックアップテーブルの構成技術に関する。

近年、プログラマブル論理回路装置は、内部回路を電気的にプログラムするこ

2・ 出証特 2001-3114049
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●、

とでユーザの様々な要求に応じた論理回路を実現することができるデバイスとし

て注目されている。このプログラマブル論理回路装置は、 PL D (Programmab I e 

Logic Device)或いはFP GA  (Field Programmable Gate Array) として知ら

れているが、最近では、ハードウェアの試作に対する利用を越えて、それ自体で

様々な機能を有する大規模な回路（例えば、マイクロプロセッサ等）を構成する

ためにも使用されるようになって来ている。このようなプログラマプル論理回路

装置は、ルックアップテーブル (LUT: Look Up Table) を主要な構成要素と

しているが、この LUTの回路面積の削減が強く要望されている。

【0002】

【従来の技術】

プログラマブル論理回路装置 (PLDや FPGA)の主要な要素であるルック

ァップテーブル (LUT) はメモリから構成されており、任意の論理回路を実装

することが可能である。このようなFPGAの基本的な構成は、従来、例えば、

米国特許第4706216号および第4870302号に提案されている。また

、FPGAにおけるマルチコンテキスト (multi-context)および複数の LUT

のクラスタ化に関しては、例えば、米国特許第 5778439号および第 59 0 

5 3 8 5号等に提案されている。さらに、 FPGA等に使用する LUTに対する

評価（例えば、機能性と面積に関する評価並びに性能評価、および、クラスタ化

の評価等）に関しては、例えば、 J.Rose et al., "Architecture of Field-Pro 

grammable Gate Arrays: The Effect of Logic Block Functionality on Area E 

fficiency", IEEE J. Solid-State Circuits, vol. 25, no. 5, pp. 1217-1225, 

Oct. 1990、J.Rose et al.," The Effect of Logic Block Architecture on 

FPGA Performance", IEEE J. Solid-State Circuits, vol. 27, no. 3, pp. 28 

1-287, Mar. 1992、および、 E.Ahmed et al., "The Effect of LUI and Cluste 

r Size on Deep-Submicron FPGA Performance and Density", FPGA 2000, Monte 

rey, CA USA, 2000に研究成果が示されている。

【0003】

プログラマブル論理回路装置において、実装できる論理回路の入力信号のピッ

ト数MはLUTを構成するメモリのアドレスのビット数に対応し、また、出力信

3
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ミ

号のビット数Nはメモリの出カビット数に対応している。したがって、 1つの L

UTに実装できる論理回路は、任意のM入力N出力の論理回路となる。本明細書

では、このような LUTをM入力N出力LUTと表す。

【0004】

【発明が解決しようとする課題】

従来、例えば、 .FPGAにおいて、 LUTの入力数Mおよび出力数Nは共に固

定値であり、任意の論理回路は、 M入力N出力の回路単位に分割され、複数の L

UTを用いて実装されるようになっている。

そのため、従来の FPGAでは、回路分割により入力数がMビット未満の回路

が生じた場合、この入力数がMビット未満の回路に対しても 1つの LUTを割り

当てなければならず、実装面積の増加をもたらす原因になっている。

【0005】

本発明は、上述した従来のプログラマブル論理回路装置が有する課題に鑑み、

ルヅクアップテープル (LUT)すなわちプログラマプル論理回路装置の回路面

積を削減することを主たる目的とする。さらに、本発明は、プログラマブル論理

回路装置の消費電力の低減も目的とする。

【0006】

【課題を解決するための手段】

本発明の第 1の形態によれば、 M入力N出力のルックアップテーブルであって

、複数のLUTユニットと、該複数の LUTユニットによる内部構成を制御する

内部構成制御手段とを備えることを特徴とするルックアップテーブルが提供され

る。 9

【0007】

本発明の第 2の形態によれば、複数の論理ブロックと、該各論理ブロックに接

続される複数の配線と、該各配線の交差個所に設けられた複数のスイッチ手段と

、該各論理ブロックの入出力線と前記各配線との間に設けられた接続ブロックと

、外部との入出力を行う I/0ブロックとを備えるプログラマブル論理回路装置

であって、前記論理ブロックは、 M入力N出力のルックアップテーブルであって

、複数の LUTユニットと、該複数の LUTユニットによる内部構成を制御する

4
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内部構成制御手段とを有するルックアップテーブルを備えることを特徴とするプ

ログラマブル論理回路装置が提供される。

【0008】

本発明の第3の形態によれば、 M入力N出力のルックアップテーブルを構成す

る方法であって、複数の LUTユニットを準備し、該複数の LUTユニットの入

出力信号を選択制御して所定の内部構成モードを設定するようにしたことを特徴

とするルックアップテーブルの構成方法が提供される。

本発明によれば、 LUT内にモード変更用のメモリを設けることにより、従来

のFPGAで使用される LUTと異なり、複数の入力数および出力数を有する L

UTを実現することができる。これにより、分割された回路が必要とする入力信

号数に適した LUTで構成することが可能となり、実装面積の増加を防ぐことが

できる。また、同時に動作しない回路を同一の LUT内に重ね合わせて実装し、

これらを切り替えながら動作させることで、実装面積だけでなく消費電力も大幅

に削減することができる。

【0009】

【発明の実施の形態】

以下、本発明に係るルックアップテーブル、ルックアップテーブルを備えるプ

ログラマブル論理回路装置、および、ルックアップテーブルの構成方法を添付図

面に従って詳述する。

図 1は本発明が適用される FPGAの一例を示すプロック図である。図 1にお

いて、参照符号 10 0はプログラマブル論理回路装置の一例としての FPGA、

1 0 1は I/0ブロック、 1 0 2は論理プロック (CLB : Configurable Logic 

Block)、 1 0 3は接続ブロック (C)、 1 0 4はスイッチマトリクス (S)、

そして、 1 0 5は配線を示している。

【00 1 0】

図 1に示されるように、 FPGAlOOは、アレー状に配置された論理ブロッ

ク (CL-B) 1 0 2、これら CLB102を取り囲む配線（回線領域） 10 5、

および、外部との入出力を行う I/0プロック 10 1を備えて構成される。各配

線 10 5の交差個所には、それらを接続するためのスイッチマトリクス (S) 1 

5
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04が配置され、さらに、各CLB102の入出力線と配線 10 5との問にはそ

れぞれ接続ブロック (C) 1 0 3が配置されている。各CLB102は、ルック

ァップテーブル (LUT) 1 2 1、ラッチ 12 2、および、セレクタ 12 3を備

えて構成される。本発明は、主として LUT121の構成に関するものである。

【00 1 1】

図 2はFPGAにおける LUTの一例としての 6入力 3出力LUTを示すブロ

ック図であり、図 1における LUT121の一例を示すものである。すなわち、

図 2に示すLUTは、 M入力N出力LUTにおいて、 M=6, N=3の場合の構

成に対応するものである。なお、 MおよびNの値に関して、 M=6, N=3は単

なる一例であり、他の様々な値の場合もあり、さらに、 M=N、或いは、 M<N

となる場合もある。

【00 1 2】

図 3は図 2に示す 6入力 3出力LUTの内部構成モードを示すブロック図であ

リ、後に詳述するように、モード変更用メモリ (71)の値 (X, Y, Z) を変

えることで、 6入力 3出力LUTを図 3 (a)～図3 (f)に示すような内部構

成に設定することができるのを示している。

具体的に、図3.(a)は、 6入力 3出力LUTを3個の 2入力 1出力 LUTと

してモード設定した場合を示している。例えば、従来の FPGA （従来、 4入力

1出力LUTを単位として使用されている）において、 3個の 2入力 1出力回路

をLUTに割り当てるには 3つの LUT  (4入力 1出力LUT) を必要とするが

、図3 (a) に示す構成では、 1つの 6入力 3出力LUTだけで十分である。

【00 1 3】

ところで、配線の領域を含む4入力 1出力LUTと6入力 3出力LUTの面積

比は、 1 : 1. 5程度である。したがって、図 3 (a) に示す構成は、例えば、

3つの4入力 1出力LUTを使用する従来例に対して、回路の実装面積比を (1

X3) :1. 5、すなわち、 1 : 0. 5程度にすることができ、最大約 50％の

面積の削減が実現できる。

【0014】

また、図3 (b) は、 2個の 3入力 1出力LUTとしてモード設定した場合を

6
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示す。この場合、例えば、 2つの4入力 1出力LUTを使用する従来例に対して

、回路の実装面積比を (1X2) : 1. 5、すなわち、 1:0. 75程度にする

ことができ、最大25％の面積の削減が実現できる。

さらに、図3 (C)は、 6入力 3出力LUTを6入力 1出力 LUTとしてモー

ドを設定した場合を示す。

【00 1 5】

図3 (d) は、 3入力 1出力LUTX8プレーンとしてモード設定した場合を

示し、図3 (e) は、 4入力 1出力LUTX4プレーンとしてモードを設定した

場合を示し、そして、図3 (f) は、 5入力 1出力LUTX2プレーンとしてモ

ード設定した場合を示す。

図4はルックアップテーブルにおける回路のマッピング方法の一例を説明する

ための図であり、上記図3 (d)～図3 (f)のモード設定が可能な理由を示す

ものである。

【00 1 6】

図4に示されるように、例えば、 HDL (Hardware Description Language) 

における RTL (Register Transfer Level)記述内の if,...._,, e 1 s e; ca 

s e等の制御構造を利用したマッピング方法においては、条件分岐は明示的に同

時動作でないことが保証されているため、各条件内の処理を各コンテキストにマ

ッピングする。なお、各コンテキストの切り替えは、例えば、他の LUT （ルッ

クアップテーブル）に実装された制御回路からの信号で行う。

【00 1 7】

このような場合には、上述した図3 (d)～図3 (f) に示されるように、複

数のLUTを1つのLUTで構成することができる。具体的に、図3 (d)の場

合には、 8つの 3入力 1出力LUTを1つの LUT （図 3 (d)の場合は、 1つ

の 6入力 3出力 LUT)で構成することができる。また、図3 (e)の場合には

、4つの4入力 1出力LUTを1つの LUTで構成することができ、さらに、図

3 (f)の場合には、 2つの 5入力 1出力LUTを1つの LUTで構成すること

ができる。

【00 1 8】

7
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具体的に、図3 (e) に示す構成は、例えば、 4つの4入力 1出力LUTを使

用する従来例に対して、回路の実装面積比を (1X4):1. 5、すなわち、 1 

:0. 375程度にすることができ、最大約 62％の面積の削減が実現できる。

換言すると、図3 (e)に示す実施例の LUT  (1個の 6入力 3出力 LUTで構

成した LUT)は、従来の LUT  (4個の4入力 1出力LUTで構成した LUT

）の約32％の実装面積で構成することができ、さらに、消費電力も大幅に低減

することができる。

【00 1 9】

また、例えば、 8オペレーションのALU回路を、従来の4入力 1出力LUT

に実装した場合と、図3 (e) に示すような 6入力 3出力LUTを4入力 1出力

LUTX4プレーンとして使用し、これに実装した場合とを比較すると、回路実

装面積を約75％にして実装効率の向上を実現することができる。

図 5は本発明に係る FPGAにおける LUTの一例としての 6入力 3出力LU

T7を入出力信号と共に示すブロック図であり、図2に示す 6入力 3出力LUT

1 2 1に対して 6つの入力信号A, B, C, D, E, Fと3つの出力信号Q, V 

,Wを追加したものに相当する。

【0020】

図 6は図 5に示す 6入力 3出力LUTの内部構成の一例を示すブロック図であ

る。

図 6に示されるように、 6入力 3出力 LUT7 (121)は、モード変更用メ

モリ 71、セレクタ 721,..._,726、および、 3入力 1出力LUTユニット（メ

モリアレイ） 7 3 1~7 3 8を備えている。モード変更用メモリ 71は、ユーザ

により指定された 3ピットのデータ X, Y, Zを格納するようになっており、 6 

ビットの入力A~Fと3ビットの出力Q, V, Wとの関係をユーザの要求に応じ

て設定するようになっている。

【00 2 1】

各セレクタ（入力信号選択用セレクタ） 721,,.....,725には、 6ビットの入力

信号内の所定の信号が入力され、それぞれモード変更用メモリ 71に格納された

データ X,Y, Zに応じて入力信号の選択を行うようになっている。すなわち、
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セレクタ 72 1には信号A, Cが入力され、また、セレクタ 72 2には信号B,

Dが入力され、それぞれデータ X, Y, Zにより規定される選択信号FO (X, 

Y, Z) により一方の信号が選択されて出力される。同様に、セレクタ 72 3に

は信号A, Dが入力され、また、セレクタ 724には信号B, Eが入力され、さ

らに、セレクタ 72 5には信号C, Fが入力され、それぞれデータ X, Y, Zに

よリ規定される選択信号F1 (X, Y, Z)によリ一方の信号が選択されて出力

される。

【00 2 2】

各 3入力 1出力LUTユニット 731,..._,,738は、後述するように、アドレス

デコーダ、メモリ、および、セレクタを備え、それぞれ 3ピットの入力信号に応

じて 1ビットの信号を出力する。すなわち、各LUTユニット 731,732,

7 3 4~7 3 6および 738には、それぞれ信号A, B, Cが入力され、また、

LUTユニット 733には、選択信号FOにより選択された信号AまたはCの一

方と信号BまたはDの一方、および、信号Cが入力される。さらに、 LUTユニ

ット 73 7には、選択信号Flにより選択された信号AまたはDの一方、信号B

またはEの一方、、および、信号CまたはFの一方が入力される。そして、 LUT

ユニット 731,....,,738の出力信号はセレクタ（出力信号選択用セレクタ） 72 

6に入力され、信号D, E, Fおよびデータx,Y, zにより規定される選択信
号F2 (D, E, F, X, Y, Z)により 1つの信号が選択され、信号Vとして

出力される。なお、信号Qは、 LUTユニット 73 1の出力とされ、また、信号

Wは、 LUTユニット 73 7の出力とされている。

【0023】

図 7は図 6の 6入力 3出力LUT7における 3入力 1出力LUTユニット 73 

1の一例を示すプロック図である。なお、各3入力 1出力LUTユニット 73 1 

~7  3 8は全て同様の構成とされている。

図7に示すLUTユニット 73 1は、アドレスデコーダ 73 1 1、セレクタ 7

3 1 2 、•および、 2組の4ビットで構成されたメモリュニット群Mll,..._,,Ml 4 

, M 2 l,_,,M 2 4を備えている。アドレスデコーダ 73 1 1は、 2ビットの入力

信号A, Bをデコードしてメモリュニット群M 1 l,..._,,M 1 4およびM 2 1,.,_,M 2 

，
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4の各 1つを指定し、さらに、入力信号Cによって、メモリュニット群M11~  

M 1 4またはM2l,...._,M24の一方の組を選択してデータを出力する。

【0024】

図8は図 6の6入力 3出力 LUT7における 3入力 1出力LUTユニット 73

1の他の例を示すブロック図である。

図 8に示すLUTユニット 73 1は、アドレスデコーダ 73 1 3、および、 8

ビットのメモリュニット群M 3 l,...._,M 3 8を備えている。アドレスデコーダ 73 

1 3は、 3ビットの入力信号A, B, Cをデコードしてメモリュニット群M31

~M38の 1つを指定してそのデータ (Q) を出力する。

【00 2 5】

上述した図 6に示す 6入力 3出力LUTにおけるモード変更用メモリ 71に指

定された 3ビットデータX, Y, Zと、それに対応した内部構成（設定モード）

のと関係を図3 (a)～図3 (f) に対応させて説明する。

まず、図3 (a) に示すように、 6入力3出力LUT7 (121) を3個の 2

入力 1出力LUTとしてモード設定する場合、選択信号FOおよびF1は各セレ

クタ 721, 722および 723,...._,725において入力『 1』を選択し、さらに

、選択信号F2は・セレクタ 72 6において入力『 2』を選択する。

【00 2 6】

すなわち、ユーザは、選択信号FO (X, Y, Z) およびFl (X, Y, Z) 

が各セレクタ 721, 722および72 3~7 2 5における入力『 1』を選択す
るように、且っ、選択信号F2 (D, E, F, X, Y, Z)がセレクタ 726に

おける入力『2』を選択するように、モード変更用メモリ 71に格納する 3ビッ

トデータX, Y, Zを指定する。

【00 2 7】

そして、信号A, B, Cが入力されて信号Qを出力する LUTユニット 73 1 

、セレクタ 721, 722を介した信号C, Dおよび置接の信号Cが入力されて

セレクタ 72 6 を介して信号Vを出力する LUTユニヅト 73 3、および、セレ

クタ 723,,....,725を介した信号D, E, Fが入力されて信号Wを出力する LU

Tユニット737を使用することで、図3 (a)に示す 3個の 2入力 1出力LU
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Tとして構成することができる。なお、 LUTユニット 73 1における入力信号

C、 LUTユニット 73 3における一方の入力信号C、および、 LUTユニット

7 3 7におけるセレクタ 72 3を介した入力信号Dは、各LUTユニットにおい

て余分な入力信号となっているが、問題となることはない。

【0028】

次に、図3 (b) に示すように、 6入力 3出力LUT7を2個の 3入力 1出力

LUTとしてモード設定する場合、選択信号F1はセレクタ 72 3~7 2 5にお

ける入力『 1』を選択するようにモード変更用メモリ 71に格納する 3ビットデ

ータX, Y, Zを指定する。そして、信号A, B, Cが入力されて信号Qを出力

する LUTユニット 73 1 、および、セレクタ 723~725 を介した信号 D,

E, Fが入力されて信号Wを出力する LUTユニット 73 7を使用することで、'

図3 (b) に示す 2個の 3入力 1出力LUTとして構成することができる。

【0029】

図 3 (C) に示すように、 6入力 3出力LUTを6入力 1出力 LUTとしてモ

ード設定する場合には、選択信号FOおよびF1は各セレクタにおける入力『O

』を選択し、選択信号F2は入力信号D, E, Fによってセレクタ 72 6の値を

決定し、信号Vを出力する。すなわち、信号A, B, Cと信号D, E,'Fの 6ビ

ット入力により、 1ビットの信号Vを出力する。

【0030】

図 3 (d)に示すように、 6入力 3出力LUTを3入力 1出力 LUTX8プレ

ーンとしてモード設定する場合には、選択信号FOおよびF1は各セレクタにお

ける入力『O』を選択し、選択信号F2は信号D, E, Fによってセレクタ 72 

6の値を決定し、信号Vを出力する。この場合、信号D, E, Fはプレーン切り

替え信号が使用される。

【00 3 1】

図 3 (e) に示すように、 6入力 3出力LUTを4入力 1出力 LUTX4プレ

ーンとしてモード設定する場合にも、選択信号FOおよびF1は各セレクタにお

ける入力『0』を選択し、選択信号F2は信号D, E, Fによってセレクタ 72 

6の値を決定し、信号Vを出力する。この場合、信号Dは、信号A, B, Cと共
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に4ビットの入力信号の 1つであり、また、信号EおよびFはプレーン切り替え

信号が使用されることになる。

【0032】

図3 (f) に示すように、 6入力 3出力LUTを5入力 1出力 LUTX2プレ

ーンとしてモード設定する場合には、選択信号FOおよびF1は各セレクタにお

ける入力『0』を選択し、選択信号F2は信号D, E, Fによってセレクタ 72 

6の値を決定し、信号Vを出力する。この場合、信号DおよびEは、信号A, B 

,cと共に 5ビットの入力信号の 2つであり、また、信号Fはプレーン切り替え

信号が使用されることになる。

【00 3 3】

上述したように、本実施例によれば、例えば、 6入力 3出力LUTを、モード

変更用メモリ 71の値X, Y, Zを変えることにより様々な内部構成モードとし

て使用することができる。

図9は図 5に示す 6入力 3出力LUTの内部構成の他の例を示すブロック図で

あり、前述した図 6とは異なる 6入力 3出力LUTの内部構成の例を示すもので

ある。

【0034】

図9に示されるように、 6入力 3出力LUT8 (121)は、モード変更用メ

モリ 81、セレクタ 821,._,826、および、 3入力 2出力LUTユニット 83 

1~8 3 4を備えている。モード変更用メモリ 81は、ユーザにより指定された

3ビットのデータX, Y, Zを格納するようになっており、 6ビットの入力A~

Fと3ピットの出力Q, V, Wとの関係をユーザの要求に応じて設定するように

なっている。

【00 3 5】

すなわち、上述した図 6に示す 6入力 3出力LUT7が 8つの 3入力 1出力L

UTユニット 731,......,738を備えていたのに対して、図9に示す本6入力 3出

カLUT8は、 4つの 3入力 2出力 LUTユニット 831,.....,834を備えている

点を除き、他は実質的に同様の構成とされている。

なお、図9に示すLUT8におけるモード変更用メモリ 81に指定する 3ビッ
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トのデータX, Y, Zと、それにしたがった選択信号FO (X, Y, Z), F 1 

(X, Y, Z)およびF2 (D, E, F, X, Y, Z)、並びに、これら選択信

号FO, Fl, F2により制御される各セレクタ 821,-..,826 （セレクタ 72 

1~7 2 6に対応）の動作は、図 6および図3(a)～図3 (f) を参照して説

明したのと同様であり、ここではその説明を省略する。

【00 3 6】

図 10は図9の 6入力3出力 LUTにおける 3入力 2出力 LUTユニットの一

例を示すブロック図である。なお、各 3入力 2出力LUTユニット 83 1 ~8  3 

4は全て同様の構成とされている。

図 10に示すLUTユニット 83 1は、アドレスデコーダ 83 1 1、セレクタ

•8312, 8313、および、 4組の4ビットで構成されたメモリュニッ・ト群M

4・ 1,_,M 4 4, M 5 1,_,M 5 4, M 6 1,_,M 6 4, M 7 1,..._,M 7 4を備えている

。アドレスデコーダ83 1 1は、 2ピットの入力信号A, Bをデコードして 4組

のメモリュニット群M4l,-..,M44, M5  l,_,M54, M6  l,..._,M64およびM

7 1,_,M 7 4の各 1つを指定し、さらに、入力信号Cによって、メモリュニット

群M4l,..._,M4 4またはM51~M5 4の一方の組のデータ（出力信号Q:セレ

クタ 82 6の入力『0』に供給される信号）と、メモリュニット群M 6 l,..._,M 6 

4またはM 7 l,..._,M 7 4の一方の組のデータ（セレクタ 82 6の入力『 1』に供

給される信号）とを選択して出力する。

【00 3 7】

図 11は図9の 6入力 3出力LUTにおける 3入力 2出力 LUTユニットの他

の例を示すブロック図である。

図 11に示す LUTユニット 83 1は、アドレスデコーダ 83 1 4、および、

2組の 8ビットのメモリュニツト群M81 ~M8  8 8およびM91およびM98

を備えている。アドレスデコーダ83 1 4は、 3ビットの入力信号A, B, Cを

デコードして 2組のメモリュニット群M81,..._,M888およびM91およびM9

8の各iつを指定し、それぞれデータ（出力信号Q:セレクタ 82 6の入力『 O

』に供給される信号と、セレクタ 82 6の入力『 1』に供給される信号）を出力

する。

1 3 出証特 2001-3114049
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【00 3 8】

図 12は図9の 6入力3出力LUTにおける 3入力 2出力LUTユニットのさ

らに他の例を示すブロック図である。

図 11に示すLUTユニット 83 1は、アドレスデコーダ83 1 5、セレクタ

8416, 8317、および、 8組の 2ビットのメモリュニット群M 1 1 1, M 

12l;Mll2, Ml22;…;M118, M128を備えている。アドレス

デコーダ83 1 5は、 1ビットの入力信号Aをデコードして 8組のメモリュニッ

ト群M 1 1 1, M 1 2 1,..._,M 1 1 8, M 1 2 8の各 1つを指定し、さらに、 2ビ

ットの入力信号B, Cによって、メモリュニット群M 1 1 1, M 1 2 1,._,M 1 1 

4, M 1 2 4の内の一組のデータ（出力信号Q:セレクタ 82 6の入力『 0』に

供給される信号）と、メモリュニット群M 1 1 5, M 1 2 5,_,,M 1 1 8, M 1 2 

8の内の一組のデータ（セレクタ 82 6の入力『 l』に供給される信号）とを選

択して出力する。

【0039】

図13は8オペレーションのALU回路 (ALU1 6) 9 0の一構成例を示す

ブロック図である。図 13において、参照符号GおよびHは 16ビットのデータ

、 Iはオペレーションを決めるコマンド信号、そして Jは出力信号を示している

図 13に示されるように、 ALU回路90は、それぞれ 16ビットのデータ G

およびHが入力されたOR回路g1、AND回路92、XOR回路93、.not

回路94、+（加算）回路g5、NE (Not Equa I)回路 g6、GT(Greater T 

han) 回路g7およびSHIHT （シフト）回路98の 8つの演算回路と、これ

ら8つの演算回路91~98の出力をコマンド信号 Iにより選択するセレクタ 9

9とを備え、コマンド信号 Iに対応した出力信号 J部を出力するようになってい

る。

【0040】

この図 13に示すALU回路 (ALU1 6) 9 0に対して、従来の FPGAで

使用されている 3入力 1出力 LUTから 7入力 1出力LUT （横軸： 3 LUT~ 

7LUT)に実装した場合と、本発明に係る FPGAで使用される図 6に示すよ

1 4 出証特2001-3114049
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うな 6入力3出力LUT  (8つの 3入力 1出力LUT731.......,738、モード変

更用メモリ 71およびセレクタ 721,-...,726を備える構成： 3LUT*8)お

よび図9に示すような 6入力3出力LUT  (4 つの 3 入力 2 出力 LUT831~

834、モード変更用メモリ 81およびセレクタ 821,-...,826を備える構成：

4LUT*4)に実装した場合とを比較して、次の図 14および図 15に示す。

なお、 LUT16は、例えば、配線の切り替えを行うデータセレクタ (LUTを

使用する必要がない回路）、ランダムロジック (LUTで構成される回路）、お

よび、フリップフロップ（論理ブロックの固定部分の回路）を備えている。また

、図 14および図 15の比較は、 LUTの構成以外の条件が実質的に同一として

行われているのはいうまでもない。

【00 4 1】

図 14は図 13に示すALU16を従来および本発明に係る FPGAで使用さ

れる LUT(3LUT,....,7LUTおよび6入力 3出力LUT (3LUT*8並び

に4LUT*4)）に実装したときの面積比の相違を示す図であり、また、図 1

5は図 13に示すALU16に対して従来および本発明に係る FPGAで使用さ

れる LUTに実装したときの構成データビット数の相違を示す図である。図 14 

における縦軸は、一般に使用されている 4入力 1出力LUT (4LUT) を用い

て構成した場合の面積を 1とし、それに対する様々なLUTを使用して構成した

場合の面積比を示し、また、図 15における縦軸は、様々な LUTを使用して構

成した場合の構成データのビット数を示している。

【0042】

図 14から明らかなように、例えば、図 13に示すようなALU16を本発明

に係る FPGAで使用されている 6入力3出力LUT(3 LUT* 8および4L

UT*4)に実装した場合の面積比は、同じのALU16を従来の FPGAで使

用されている LUT(3 LUT,_,7 LUT)に実装した場合に比べて大幅に小さ

くなることが分かる。具体的に、例えば、 6入力 3出力 LUTを3入力 1出力 X

8プレーンとして実装した 3LUT*8は、従来の LUT中で最小面積を示す4

入力 1出力LUT(4LUT) を用いて実装した場合の約 75％の面積とするこ

とができることが分かる。

/t 

1 5 出証特2001-3114049
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【0043】

さらに、図 15から明らかなように、 ALU16を本発明に係る FPGAで使

用されている 6入力3出力LUT(3 LUT* 8および4LUT*4)に実装し

た場合の構成データピット数は、従来のLUT中で最小の4LUTの場合と同等

であることが判る。すなわち、本発明 6入力 3出力LUTは、例えば、 4入力 1

出力に対して 4倍の構成データを必要とするにも関わらず、構成データビット数

を同等とすることができるのは、従来のLUTが出力段のセレクタを LUTによ

り構成しているのに対して、本発明では配線の切り替えによって行われるのでL

UTの使用数を削減することができるからである。

【0044】

以上の説明において、本発明に係る FPGAで使用される 6入力 3出力LUT

は、単なる一例であり、 M入力N出力（例えば、 8入力4出力）の L-UTに適用

することができる。さらに、例えば、 6入力 3出力LUT自体の構成に関しても

、図6に示す 8つの3入力 1出力LUTユニットおよび図9に示す4つの 3入力

2出力LUTユニットに限定されるものではなく、様々な変更が可能なのはいう

までもない。

【0045】

【発明の効果】

以上、詳述したように、本発明によれば、ルックアップテープル (LUT)す

なわちプログラマブル論理回路装置の回路面積を削減することができる。さらに

、本発明によれば、プログラマブル論理回路装置の消費電力を低減することもで

きる。

【図面の簡単な説明】

【図 1】

本発明が適用される FPGAの一例を示すブロック図である。

【図2】

FPGAにおける LUTの一例としての 6入力 3出力LUTを示すブロック図

である。

【図3】

1 6 出証特2001-3114049
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図2に示す 6入力3出力LUTの内部構成モードを示すブロック図である。

【図4】

ルックアップテーブルにおける回路のマッピング方法の一例を説明するための

図である。

【図 5】

本発明に係る FPGAにおける LUTの一例としての 6入力 3出力LUTを入

出力信号と共に示すプロック図である。

【図 6】

図5に示す 6入力3出力LUTの内部構成の一例を示すブロック図である。

【図 7】

図6の6入力3出力LUTにおける 3入力 1出力LUTユニットの一例を示す

ブロック図である。

【図 8】

図6の 6入力 3出力LUTにおける 3入力 1出力LUTユニットの他の例を示

すブロック図である。

【図9】

図5に示す 6入力3出力LUTの内部構成の他の例を示すブロック図である。

【図 10】

図9の 6入力 3出力LUTにおける 3入力2出力LUTユニットの一例を示す

プロック図である。

【図 11】

図9の 6入力3出力LUTにおける 3入力2出力LUTユニットの他の例を示

すブロック図である。

【図 12】

図9の6入力3出力LUTにおける 3入力2出力LUTユニットのさらに他の

例を示すブロック図である。

【図 13】

8オペレーションのALU回路 (ALU1 6)の一構成例を示すブロック図で

ある。

1 7 出証特2001-3114049
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【図 14】

図 13に示すALU16に対して従来および本発明に係る FPGAで使用され

るLUTに実装したときの面積比の相違を示す図である。

【図 15】

図 13に示すALU16に対して従来および本発明に係る FPGAで使用され

るLUTに実装したときの構成データビット数の相違を示す図である。

【符号の説明】

7, 8, 121…ルックアップテーブル (LUT:6入力 3出力LUT)

7 1, 8 1…モード変更用メモリ

1 0 0・・・プログラマブル論理回路装置 (FP GA) 

1 0 1…I/0ブロック

1 0 2…論理ブロック (CLB) 

. 1 0 3…接続プロック (C)

1.0 4…スイッチマトリクス (S)

1 0 5…配線

1 2 2…ラッチ

1 2 3…セレクタ

721,......,726, 821~826 …セレクタ

731,......,738・・・3入力 1出力LUTユニット

831,......,834…3入力 2出力LUTユニット

1 8 出証特2001-3114049



本発明ガ適用されるFPGAの一例を示すプロック図 図
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【図 2】

図 2

FPGAにおけるLUTの一例としての6入力3出力LUT 
を示すプロック図
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図2Iこ示す6入力3出力LUTの内部構成モードを示すプロック図
図
3
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3
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】
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【図 5】

図 5

本発明に係るFPGAにおけるLUTの一例としての
6入力3出力LUTを入出力信号と共に示すプロック図
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【図6】

図 6

図5（こ示96入力3出力LUTの内部構成の一例を示すプロック図
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図 7

図 6の6入力 3出力LUT（こおける 3入力 1出力LUTユニット
の一例を示すプロック図
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【図 8】

図 8

図6の6入力3出力LUTにおける 3入力 1出力LUTユニット
の他の例を示すプロック図
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【図9】

図 9

図51こ示す6入力3出力LUTの内部構成の他の例を示すプロッつ図
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【図 10】

図10

図9の6入力 3出力LUTにおける3入力2出力LUTユニット
の一例を示すプロック図
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【図 11】

図11

図9の6入力3出力LUTにおける3入力2出力LUTユニット
の他の例を示すプロック図
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図9の6入力3出力LUTにおける3入力2出力LUTユニット
のさらに他の例を示すプロック図
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8オベレーションのALU回路 CALU16)の一構成例
を示すプロック図
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【書類名】

【要約】

【課題】 従来、例えば、 FPGAにおいて、 LUTの入力数および出力数は共

に固定値であり、実装面積の増加をもたらすことになっていた。

要約書

【解決手段】 M入力N出力のルックアップテーブル 7であって、複数の LUT

ユニット 731,...,,738と、該複数の LUTユニットによる内部構成を制御する

内部構成制御手段 71, 721,....,726とを備えるように構成する。

【選択図】 図 6
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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

1. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Page2 

1. Claims 5, 13, & 20 are rejected under 35 U.S.C. 112, second paragraph, as 

being indefinite for failing to particularly point out and distinctly claim the subject matter 

which applicant regards as the invention. These limitations does not further limiting the 

controlling of the selectors of claims 3, 11, instead replace it. 

Claim Rejections - 35 USC § 102 

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the. rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
grante.d on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21 (2) 
of such treaty in the English language. 

2. Claims are rejected under 35 U.S.C. 102(e) as being anticipated by Lien et al 

. (6,476,636). 

Regarding claim 1, Lien shows a look up table (Fig. 7 .and 50, Fig. 10) of M inputs 

(A, B, C of 50-56 detail shown in Fig. 10) and N outputs (JO, Y, JPO of 50-56 detail 

shown in Fig. 10), comprising: . 
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A plurality of LUT units (82, 84 of 50-56), and an internal configuration control 

circuit (86-96, 98, 102, & 104 of 50-56) controlling an internal configuration of the 

plurality of LUT units. 

Regarding claim 2, Lien shows the internal configuration control circuit 

comprises: 

A plurality of selectors (86.;96, 98, 102, & 104 are multiplexers); and 

A selector control circuit (CM, col. 1 lines, 59 to col. 2, line 26) controlling the 

selectors and defining the internal configuration of the plurality of LUT units. 

Regarding claims 3-4, Lien shows.an input signal selector (86-96) provided at an 

input of at least one of the LUT u.nits to select an input signal (A, B, or C); and 

An output signal selector ( 102-104) provided at an output of the LUT units 

selecting an output signal, the input signal selector and the output signal selector being 

controlled in accordance with the data stored in the memory (CM, col. 1 lines, 59 to col. 

2, line 26). 

Regarding claim 6, Lien shows the look up table of M inputs and N outputs is a 6-

input 3-output look up table. 

Regarding claim 7, Lien shows the 6-input 3-output look up table comprise eight 

3-input and 1-output LUT units (50-56, each including two LUTs shown in Fig. 1 0 

together make-up eight LUTs). 

· Regarding claim 8, Lien shows the 6-input 3-output look up table comprise four 

3-input and 2-output LUT units (50-56, each including 3-input and 2-output and shown 

in Fig. 10). 



.. Application/Control Number: 10/183,590 

Art Unit: 2819 

Page4 

Regarding claim 9, Lien shows a program·mable logic circuit device (Fig. 4, 7, 10, 

12, 13, & 14) comprising: 

A plurality of logic blocks (40, Fig. 13A); 

A plurality of routing wires (Fig. 14) connected to each of the logic blocks; 

A plurality of switch circuits (130, Fig. 14) provided at an intersection of each of 

the routing wires; 

A plurality of connection blocks (134, 132, Fig. 14) provided between an 1/0 line 

of each of the logic blocks and each of the routing wires; and 

An 1/0 block (42, Fig. 12) performing an input/output operation with external 

equipment, wherein each of the logic blocks has a look up table of M inputs and N 

outputs (rest of the limitations are described above), comprising: 

A plurality of LUT _units; and 

An internal configuration control circuit controlling an internal configuration of the 

plurality of LUT units. 

The limitations of claims 10-12, 14-16 are rejected as described above._ 

The apparatus described above are applicable to the method claims 17-19. 

Conclusion 

3. The prior art made of re_cord and not relied upon is considered pertinent to 

applicant's disclosure. 

Lane et al (6,323,677) discloses a logic module having a plurality of look-up table and 

input/output selectors. 
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Any inquiry concerning this communic~tion or earlier communications from the 

examiner should be directed to Anh Q. Tran whose telephone number is 703-306-4507. 

The examiner can normally be reached on M-TH (7:00-5:30) Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Michael Tokar can be reached on 703-305-3493. The fax,phone number 

for the organization where this application or proceeding is assigned is (703) 872-9306. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the receptionist whose telephone number is 703-308- · 

0956. 
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IN THE CLAIMS: 

The text of all pending claims, (including withdrawn claims) is set forth below. Cancelled 

and not entered claims are indicated with claim number and status only. The claims as listed 

below show added text with underlining and deleted text with strikethrough. The status of each 

claim is indicated with one of (original), (currently amended), (cancelled), (withdrawn), (new), 

(previously presented}, or (not entered). 

Please CANCEL claims 2-3 and 10-11 without prejudice or disclaimer and AMEND 

claims 1, 4, 5, 9, 12, 13, and 17 in accordance with the following: 

1. (ORIGINAL) A look up table of M inputs and N outputs, comprising: 

a plurality of LUT units; and 

an internal configuration control circuit controlling an internal configuration of said 

plurality of LUT units, wherein said internal configuration control circuit comprises 

a plurality of selectors selecting 1/0 signals of said plurality of LUT units, and 

a selector control circuit having a memory, controlling said plurality of selectors in 

accordance with data stored in said memory, and defining the internal configuration of said 

plurality of LUT units. 

2 -3 CANCELLED 

4. (CURRENTLY AMENDED) The look up table as claimed in claim 31, wherein 

said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

with the data stored in said memory. 

5. (CURRENTLY AMENDED) The look up table as claimed in claim 31, wherein 

said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

3 
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with the input signal. 

6. (ORIGINAL) The look up table as claimed in claim 1, wherein said look up table 

of M inputs and N outputs is a 6-input 3-output look up table. 

7. (ORIGINAL) The look up table as claimed in claim 6, wherein said 6-input 3-

output look up table comprises eight 3-input 1-output LUT units. 

8. (ORIGINAL) The look up table as claimed in claim 6, wherein said 6-input 3-

output look up table comprises four 3-input 2-output LUT units. 

9. (CURRENTLY AMENDED) A programmable logic circuit device comprising: a 

plurality of logic blocks; 

a plurality of routing wires connected to each of said logic blocks; 

a plurality of switch circuits provided at an intersection of each of said routing wires; 

a plurality of connection blocks provided between an 1/0 line of each of said logic blocks 

and each of said routing wires; and 

an 1/0 block performing an input/output operation with external equipment, wherein each 

of said logic blocks has a look up table of M inputs and N outputs, comprising: 

a plurality of LUT units; and 

an internal configuration control circuit controlling an internal configuration of said 

plurality of LUT units I wherein said internal configuration control circuit comprises 

a plurality of selectors selecting 1/0 signals of said plurality of LUT units, and 

a selector control circuit having a memory, controlling said plurality of selectors in 

accordance with data stored in said memory, and defining the internal configuration of said 

plurality of LUT units. 

10 - 11 CANCELLED 

12. (CURRENTLY AMENDED) The programmable logic circuit device as claimed in 

claim 4-1-~. wherein said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

4 
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signal, said input signal selector and said output signal selector 

being controlled in accordance with the data stored in said memory. 

13. (CURRENTLY AMENDED) The programmable logic circuit device as claimed in 

claim 44~, wherein said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

with the input signal. 

14. (ORIGINAL) The programmable logic circuit device as claimed in claim 9, wherein 

said look up table of M inputs and N outputs is a 6-input 3-output look up table. 

15. (ORIGINAL) The programmable logic circuit device as claimed in claim 14, 

wherein said 6-input 3-output look up table comprises eight 3-input 1-output LUT units. 

16. (ORIGINAL) The programmable logic circuit device as claimed in claim 14, 

wherein said 6-input 3-output look up table comprises four 3-input 2-output LUT units. 

17. (CURRENTLY AMENDED) A method of configuring a look up table of M inputs 

and N outputs, comprising the steps of: 

providing a plurality of LUT units; and 

selectively controlling 1/0 signals of said plurality of LUT units to set a predetermined 

mode of an internal configuration. 

18. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein the 1/0 signals of said plurality of LUT units are selectively controlled in accordance with 

data stored in the corresponding look up table. 

19. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein an input signal input to at least one of said LUT units and an output signal output from 

said LUT unit are selectively controlled in accordance with data stored in the corresponding look 

up table. 

5 
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20. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein an input signal input to at least one of said LUT units and an output signal output from 

said LUT unit are selectively controlled in accordance with a predetermined function of the input 

signal. 

6 
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REMARKS 

In accordance with the foregoing, claims 1, 4, 5, 9, 12, 13, and 17 have been amended. 

Claims 2-3 and 10-11 have been cancelled without prejudice or disclaimer. 

Claims 1, 4-9, and 12-20 are pending and under consideration. 

REJECTION UNDER 35 U.S.C. § 112: 

In the Office Action, at page 2, claims 5, 13, and 20 were rejected under 35 U.S.C. § 112, 

second paragraph, for the reasons set forth therein. This rejection is traversed and 

reconsideration is requested. 

Dependent claim 5, for instance, further recites features of the selectors. According to 

dependent claim 2, "a selector control circuit" controls "said selectors." Further, dependent claim 

5 provides that the selectors include an input signal selector and an output signal selector, 

where the input signal selector and the output signal selector "being controlled in accordance 

with the input signal," emphasis added. Thus, because the selector control circuit does the 

control of the selectors, which include the input and output signal selectors, the selector control 

circuit controls the selectors in accordance with the input signal selected. Accordingly, 

dependent claim 5 is definite. 

Dependent claim 13 recites, "an input signal selector provided at an input of at least one 

of said LUT units to select an input signal; and an output signal selector provided at an output of 

said LUT units selecting an output signal, said input signal selector and said output signal · 

selector being controlled in accordance with the input signal," and dependent claim 20 recites, 

"wherein an input signal input to at least one of said LUT units and an output signal output from 

said LUT unit are selectively controlled in accordance with a predetermined function of the input 

signal." 

Similar arguments are incorporated herein as those presented supporting the 

definiteness of dependent claim 5 to support the definiteness of dependent claims 13 and 20. It 

is respectfully requested that the rejection to the claims be withdrawn. 

REJECTION UNDER 35 U.S.C. § 102: 

In the Office Action, at page 2, claims 1-20 were rejected under 35 U.S.C. § 102 in view 

of U.S. Patent No. 6,476,636 to Lien et al. ("Lien"). This rejection is traversed and 

reconsideration is requested. 

Lien generally describes a tileable field programmable gate array (FPGA) architecture 

7 
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suitable for both integrated circuits (ICs) requiring large FPGAs and small FPGAs, where the 

FPGA is to be manufactured as its own IC or to be manufactured into a large IC (for example, 

SoC). Specifically, as shown in FIGS. 2, 3A, 35 and 4 of Lien, the FPGA has a plurality of 

functional groups (FGs), a regular routing structure, and a plurality of interface groups (IGs). As 

shown in FIGS. 2, 3A, 38 and 4 of Lien, the FPGA has FPGA tiles; and as shown in FIG. 5 of 

Lien the FPGA tile has a plurality of FGs and ICs. Further, as shown in FIG. 7, four LUs 50, 52, 

54, and 56 are connected in a bus-connection manner, which is different from a switching­

connection manner in a general FPGA. Further, as shown in FIG. 10 of Lien, the LU 50 has a 

plurality of LUTs 82, 84, a flip-flop (FF) 106, and a plurality of selectors 86, 88, ... , 104. In Lien, 

column 8, lines 25 through 27, describes that "one purpose of including two LUTE 82, 84 in the 

LU 50 is so that they can be used together to provide a four-input LUT." 

However, Lien does not teach or suggest "a selector control circuit having a memory, 

controlling said plurality of selectors in accordance with data stored in said memory," as recited 

in independent claims 1 and 9. Specifically, as recited in independent claims 1 and 9, the look 

up table of M inputs and N outputs comprise "a plurality of LUT units; and an internal 

configuration control circuit controlling an internal configuration of said plurality of LUT units, 

wherein said internal configuration control circuit comprises a plurality of selectors selecting 1/0 

signals of said plurality of LUT units, and a selector control circuit having a memory." Further, 

the selector control circuit of independent claims 1 and 9, controls "said plurality of selectors in 

accordance with data stored in said memory," and defines "the internal configuration of said 

plurality of LUT units." These claimed features of the present invention (claims 1 and 9) 

is not taught or suggested in Lien. Accordingly, it is respectfully requested that 

independent claims 1 and 9 and related dependent claims be allowed. 

CONCLUSION: 

In accordance with the foregoing, it is respectfully submitted that all outstanding 

objections and rejections have been overcome and/or rendered moot, and further, that all 

pending claims patentably distinguish over the prior art. Thus, there being no further 

outstanding objections or rejections, the application is submitted as being in condition for 

allowance, which action is earnestly solicited. 

If the Examiner has any remaining issues to be addressed, it is believed that prosecution 

can be expedited by the Examiner contacting the undersigned attorney for a telephone interview 

to discuss resolution of such issues. 

8 
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If there are any underpayments or overpayments of fees associated with the filing of this 

Amendment, please charge and/or credit the same to our Deposit Account No. 19-3935. 

Date: /c;))p/o.3 
' 

1201 New York Avenue, NW, Suite 700 
Washington, D.C. 20005 
Telephone: (202) 434-1500 
Facsimile: (202) 434-1501 

Respectfully submitted, 

ST AAS & HALSEY LLP 

Alicia M. Choi . 
Registration N :- 46,621 
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Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
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Status 

1)1:8] Responsive to communication(s) filed on 12 December 2003. 

2a)l:8l This action is FINAL. 2b)0 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)1:8] Claim(s) 1.4-9 and 12-20 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)1:8] Claim(s) 1.4-6.9 and 12-20 is/are rejected. 

7)1:8] Claim(s) 7.8.15 and 16 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )• The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)O Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 
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Paper No(s)/Mail Date. __ . 
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Art Unit: 2819 

DETAILED ACTION 

Claim Rejections - 35 USC§ 102 

Page 2 

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21 (2) 
of such treaty in the English language. 

2. Claims are rejected under 35 U.S.C. 102(e) as being anticipated by Lane et al 

(6,323,677). 

Regarding claim 1, Lane shows a look up table (1 00b, Fig. 5) of M inputs (A, B, 

C, D, Q, DCIN, CIN) and N outputs (DCOUT, COUT, output from 150), comprising: 

A plurality of LUT units (11 0a-11 0c), and 

an internal configuration control circuit (102, 240, 250, 120a, 120b, 124, R) 

controlling an internal configuration of the plurality of LUT units, where the internal 

configuration control circuit comprises 

A plurality of selectors (102, 240, 250, 120a) selecting 1/0 signals of the plurality 

of LUT units, and 

A selector control circuit (R which is FCE, col. 12, 34-38) having a memory, 

controlling the plurality of selectors in accordance with data stored in the memory, and 

defining the internal configuration of the plurality of LUT units. 
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Regarding claim 4, Lane shows an input signal selector (250) provided at an 

input of at least one of the LUT units to select an input signal (A, B, or D); and 

An output signal selector (120a) provided at an output of the LUT units selecting 

an output signal, the input signal selector and the output signal selector being controlled 

in accordance with the data stored in the memory (RDCNMUL T). 

Regarding claim 5, Lane shows an input signal selector (250) provided at an 

input of at least one of the LUT units to select an input signal (A, B, or D); and 

An output signal selector (120a) provided at an output of the LUT units selecting 

an output signal, the input signal selector and the output signal selector being controlled 

in accordance with the input signal (D). 

Regarding claim 6, Lane shows the look up table of M inputs and N outputs is a 

6-input 3-output look up table (6-input: A, B, C, D, Q, DCIN, GIN; 3-output: DCOUT, 

150, COUT). 

Regarding claim 7, Lane shows the 6-input 3-output look up table comprise eight 

3-input and 1-output LUT units (50-56, each including two LUTs shown in Fig. 10 

together make-up eight LUTs). 

Regarding claim 8, Lane shows the 6-input 3-output look up table comprise four 

3-input and 2-output LUT units (50-56, each including 3-input and 2-output and showh 

in Fig. 10). 

Regarding claim 9, Lane shows a programmable logic circuit device (Fig. 4, 7, 

10, 12, 13, & 14) comprising: 

A plurality of logic blocks (module, col. 1, lines 20-29); 
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A plurality of routing wires (interconnection conductor) connected to each of the 

logic blocks; 

A plurality of switch circuits (other circuit element) provided at an intersection of 

each of the routing wires; 

A plurality of connection blocks (see U.S. pat. No. 5,909,126 or 5,999,015) 

provided between an 1/0 line of each of the logic blocks and each of the routing wires; 

and 

An 1/0 block (inherent limitation) performing an input/output operation with 

external equipment, wherein each of the logic blocks has a look up table of M inputs 

and N outputs and the rest of the limitations are described above in claim 1 . 

The limitations of claims 12-14 are rejected as described above. 

The apparatus described above are applicable to the method claims 17-20. 

Allowable Subject Matter 

3. Claims 7-8, and 15-16 are objected to as being dependent upon a rejected base 

claim, but would be allowable if rewritten in independent form including all of the 

limitations of the base claim and any intervening claims. 

Conclusion 

4. Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Anh Q. Tran whose telephone number is 571-272-1813. 

The examiner can normally be reached on M-TH (7:00-5:30) Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Michael Tokar can be reached on 571-272-1812. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 
ANHQ.TRAN 

PRIMARY EXAMINER 

~ 
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Attorney Docket No. 1687 .1001 

IN THE UNITED STATES PATENT AND.TRADEMARK OFFICE 

Toshinori SUEYOSHI, et al. 

Application No.: 10/183,590 

Filed: June 28, 2002 

Confirmation No.: 9469 

Group Art Unit: 2819 

Examiner: Anh Q. Tran 

For: PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING 
TO REDUCE IMPLEMENTATION AREA 

INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
PO Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In accordance with the duty of disclosure provisions of 37 CFR § 1.56, there is hereby 
provided certain information which the Examiner may consider material to the examination of 
the subject U.S. patent application. It is requested that the Examiner make this information of 

,, record if it is deemed material to the examination of the subject application. 

\1 
I 1. 

2. • 

0G/30/2004 AAD0F01 

01 FC:1806 

Enclosures accompanying this Information Disclosure Statement are: 

1a. ~ 
1b. ~ 
1c. ~ 
1d. ~ 

1e. • 
1f. • 
1g. • 

Form PTO-1449. 
Copies of IDS citations. 
A Japanese language Office Action from a counterpart foreign application. 
English language translation (abstracts only) attached to each non-English 
language publication. 
Explanations of Relevancy of References (ATTACHMENT 1(e), hereto) for 
providing a concise explanation of each non-English publication. 
List of Copending Applications (ATTACHMENT 1 (f), hereto). 
List of Additional Submitted Documents (ATTACHMENT 1(g), hereto). 

This Information Disclosure Statement is filed under 37 CFR §1.97(b): 

( Check either Item 2a or 2b or 2c or 2d) 

2a. D Within three months of the filing date of a national application other than a 
Continued Prosecution Application under§ 1.53(d); 

2b. D Within three months of the date of entry of the national stage as set forth in 
§ 1.491 in an international application. 

2c. D Before the mailing of a first Office Action on the merits: or 
2d. D Before the mailing of a first Office Action after the filing of a Request for 

Continued Examination under § 1.114. 

00000064 10183590 

180.00 OP 
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3. D This Information Disclosure Statement is filed under 37 CFR § 1.97(c) after the period 
specified in paragraph 2 above but before the mailing date of any of a Final Office 
Action under § 1.113, a Notice of Allowance under § 1.311 or an action that otherwise 
closes prosecution in the application, AND 

( Check either Item 3a or 3b; Item 3b to be checked if 
any reference known for more than 3 months) 

3a. D The §1.97(e) Statement in Item 5 below is applicable; OR 
3b. D The $180.00 fee set forth in 37 C.F.R. §1.17(p) is: 

D enclosed. 
D to be charged to Deposit Account No. 19-3935. 

4. l'8'.I This Information Disclosure Statement is filed under 37 CFR §1.97(d) after the period 
specified in paragraph 3 above, but on or before payment of the Issue Fee, AND 

4a. l'8'.I The§ 1.97(e) Statement in Item 5 below is applicable; AND 
4b. l'8'.I The $180.00 fee set forth in 37 C.F.R. §1.17(p) is: 

l'8'.I enclosed. 
D to be charged to Deposit Account No. 19-3935. 

5. ~ Statement under§ 1.97(e) (applicable if Item 3a or Item 4a is checked) 
( Check either Item 5a or 5b) 

5a. l'8'.I In accordance with 37 CFR § 1.97(e)(1 ), it is stated that each item of 
information contained in this Information Disclosure Statement was first 
cited in any communication from a foreign patent office in a counterpart 
foreign application not more than three months prior to the filing of this 
Information Disclosure Statement. 

5b. D In accordance with 37 CFR § 1.97(e)(2), it is stated that no item of 
information contained in this Information Disclosure Statement was cited in 
a communication from a foreign patent office in a counterpart foreign 
application and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in this 
Information Disclosure Statement was known by any individual designated 
in §1.56(c) more than .three months prior to the filing of this Information 
Disclosure Statement. 

6. D This is a continuation/divisional/continuation-in-part application under 37 CFR § 
1.53(b). 

( Check appropriate Items 6a and/or 6b) 
6a. D Copies of the publications listed on the attached Form PTO-1449 which 

were previously cited in prior application Serial No. _, filed on _, and 
which is relied on for an earlier effective filing date for the subject 
application under 35 U.S.C. § 120, have been omitted pursuant to 37 CFR 
§ 1.98(d). 

6b. D Copies of the publications listed on the attached Form PTO-1449 which 
were not previously cited in prior application Serial No. _, filed on _, and 
which is relied on for an earlier effective filing date for the subject 
application under 35 U.S.C. § 120, are provided herewith. 
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7. D This is a continuation/divisional application under 37 CFR § 1.53(d) or a Request for 
Continued Examination under 37 CFR 1.114. 

7a. D 
7b. • 

(Check either Item 7a or 7b) 

The Issue Fee has not been paid. 
A Petition to Withdraw from issue under 37. CFR § 1.313(c) is filed 
concurrently herewith or has been granted. A continuation/divisional 
application under 37 CFR § 1.53(d) or a Request for Continued 
Examination under 37 CFR 1.114, after payment of the Issue Fee, is 
proper in accordance with 37 CFR § 1.53(d)(1 )(ii) or 37 CFR 1.114(a), 
respectively. 

8. D This is a Supplemental Information Disclosure Statement. 

( Check either Item Ba or Bb) 

Ba. D This Supplemental Information Disclosure Statement under 37 CFR § 
1.97(f) supplements the Information Disclosure Statement filed on . A 
bona fide attempt was made to comply with 37 CFR § 1.98, but inadvertent 
omissions were made. These omissions have been corrected herein. 
Accordingly, additional time is requested so that this Supplemental IDS can 
be considered as if properly filed on _. 

8b. D This Supplemental Information Disclosure Statement is timely filed within 
one (1) month of the Notice under 37 CFR § 1.97 and 1.98, mailed_. 

9. [8] In accordance with 37 CFR § 1.98, a concise explanation of what is presently 
understood to be the relevance of each non-English language publication is: 

1. ( Check appropriate Items 9a, 9b, 9c and/or 9d) 

9a. D 

9b. • 
9c. [8] 

9d. • 

satisfied because all non-English language publications were cited on the 
enclosed "English language version of the search report or action which 
indicates the degree of relevance found by the foreign office". (See MPEP 
§ 609, Minimum Requirements for an Information Disclosure Statement, 
Part A(3): Concise Explanation of Relevance, 8th Ed.) 
set forth in the application. 
satisfied because an English language translation (abstracts only) is 
attached to each non-English language publication. 
enclosed as Attachment 1 (e ), hereto. 

10. No admission is made that the information cited in this Statement is, or is considered to 
be, material to patentability nor a representation that a search has been made (other 
than search report(s) from a counterpart foreign application or a PCT International 
Search Report, if submitted herewith). 37 CFR §§ 1.97(9) and (h). 
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11. The Commissioner is authorized to credit any overpayment or charge any additional fee 
required under 37 CFR § 1.17 for this Information Disclosure Statement to Deposit 
Account No. 19-3935. 

Dated: &/o>8/8a:'J-:/ 
1201 New York Ave., N.W., Suite 700 
Washington, D.C. 20005 
Telephone: (202) 434-1500 
Facsimile: (202) 434-1501 

Respectfully submitted, 

ST AAS & HALSEY LLP 

By: ,tkw~ 
Alicia M. Choi , 
Registration No~~ 
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PATENT ABSTRACTS OF JAPAN 

(11 )Publication number : 03-063846 

(43)Date of publication of application : 19.03.1991 

(51 )Int. Cl. 

(21)Application number: 01-200701 

(22)Date of filing : 02.08.1989 

(54) LOOK-UP TABLE DEVICE 

(57)Abstract: 

G06F 12/00 
G06F 1/02 
G06F 15/66 

(71)Applicant: FUJI PHOTO FILM CO LTD 

(72)Inventor : KIMURA HIDEAKI 

PURPOSE: To reduce the number of signal lines to make access a 
look-up table(LUT) by storing at least two LUTs in one memory, and 
making access those plural LUTs in time division. 
CONSTITUTION: The device is equipped with a data selector 12, a 
memory 14 to store first and second LUTs. a latch circuit 16 to 
latch the output of the first LUT. and a latch circuit 18 to latch the 
output of the second LUT. Also, it is equipped with a bidirectional 
buffer 20 to transmit data to be transmitted to a central processing 
unit (CPU) and data to be written on the memory 14 from the CPU. 
And an input signal to one of the plural LUTs is selected sequentially 
with the data selector 12, and the data is read out from a selected 
LUT, and after it is held with the latch circuit transiently, it is 
outputted sequentially at need to the next processing circuit, and 
access to the plural LUTs are performed sequentially in time 
division. In such a way, it is possible to reduce the number of signal 
lines to make access the plural LUTs. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



Unexamined Patent Publication (Kokai) No. 03-063846= JPP'846 

PARTIAL TRANSLATION 

(on page 3 from right over column line 17 through left under column line 16) 

Figure 1 is a block diagram showing an embodiment of a look-up table device 

according to the present invention. 

The look-up table device 10 shown in Fig. 1 has a data selector 12, a memory 14 

to store a first look-up table (below, described as LUT) and a second LDT, a latch circuit 

16 to latch an output signal of the first LDT, a latch circuit 18 to latch an output signal 

of the second LDT, and a bidirectional buffer 20 to transmit data to be transmitted to a 

central processing unit (CPU: not shown) and data to be written on the memory 14 from 

the CPU. 

The data selector 12, which may be constituted by a multiplexer (MUX), and 

the like, sequentially selects one from three input signals of an input signal INl to be 

inputted to the first LDT, an input signa~ IN2 to be inputted to the second LDT, and 

CPU address signal CPU ADRESS in accordance with an instruction from the CPU (not 

shown) or a predetermined order, so as to transmit to the memory 14. 
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OJAti~rrs1H::1mt2v Jl,,:r:1v7"!tOJliln~r-€iXtRa9 3J J.: V:A.t v771::Mfrixaht.::. l JOJllitiYN:r-€;ffToN 
c•~~~catto, 1ruE7::1-Y@.McM1mat1.kiw 
E7~v.Atv77-€;ff't"o•ffl@M. 

[~*JJ{ 3 J ln'f*JJ{ 2 E~OJ-ffilfilMl:::s1,n:. 1rut2 
7:J-Y@M~m~. asc, wIEffi20JAti~rCM 
~an, lroN2~.liifi1'Jl,,7-€t:IHl~T o J:: '5 l;:~fF~~tJ: 
ll:::o/l--A77/4o/7RAM-€~tr-ffilfilM. 
r~*JJ{4J ln'f*Jj{ 1 ii:l~(J)-ffilfilMl:::st-1-C. mrE 

T ::i-Ylfil.Mli, •aO) An~r c, IWH2$ffl:{tlfilM(l) 
Y~v.Atv77CM~ankl.iln~rc-€;ffToNA 
NDD9-:;73/-r--€~tr-ffl@.M. ~ 

[~*JJ{ 5 J ffl*JJ{ 4 ii:l~OJ-ffl@Ml:::s t-1 T, mrE 
NAND3/-f-.(l)&An~r~2Ml~~:r:1v7"!TC 
Mf!ixatl.Tt,10.ffl@.M. 

[ffil*JJ{ 6] ml*JJ{ 5 Hc!if£(l).ffl@Ml;::J3t,,-c &k 
(l)wIE2Mlv~:r:1v7"!t~~(l)4:'i-7~v.Atv7 
7CM~ankll:::o/r-A77/4o/7RAM-€3tr•ffl 
@M. 
r~*Jj{ 11 $a(l):t• ~5v:1Jv• 9-:17t11,,e;(f 

ANDD9o/77'-l---€3b7/4-~f:1• ~5V7~ 
7'- r-7v-1. 
[~*JJ{l2] ffi'i*JJ{llE~OJ7/4-~J.:7• ~5 

v:1Jv7'- l--7v-11;::t:,1,,-c, lrut2N AND?"'- l--OJ& 
Aniilrlj: 2 M 1 VJl,,:r'::fv7"!tl::Mfrixan-ct,,,:i 7 /4 
-JJ,,~::f• ~5V7Jl,,3/-J-.7v-1'. 

Cln'f*JJ{ 1 31 $aOJ:t• ~5v:1Jv• 9::17t11,,-€ 
flTO 7 /4 -JI,, J.::1• ~5V7Jv3/- r- 7 v-1'.ffl@M 
'"('~-::, T, & :to~ 5V:1 )v• 1/ o/ 7 tJHj:, 
Ca)&k~•aOJAniilrclJOJllin~r-€;ffTo 

•~(l)Jvo/7 Y-:1 :1T-:1Jl,,c, 
( b) &kiJ'twJf2)vo/ 7 7::, 7°T-:1JvO)lliti~rl::M 

1mat1.kAn~r-€;ffTo•~OJv~:r:1v7"!t@M 
c, 
< c) ~k ;o-t1roEv Ji,,:r::fv7"!t@MY t: v A. t v7 !51 

l::M~ant.::~J&0)7:J-Y@Ml5clilc, 
(d)&k~JwE&v~:r:1v7"!tlfil~(J)l.fih~rCM 

~ankm~OJAn~rc, 1JOJl.iln~rc-€;ffTo 
To 7 /4 -Ji,, ~:t• ,tf5v:1JJ,,3/- r-7v-1•m@M-r 
~-::>L, &:1• ~5V7Jv• 9-:;7tJvli. 

• 9y 7lti!Jfifll@MctJl r;~o;: ce~~cTo 7 4 -;1,, 

40 J.:::t• ~5v7'JJ,,7'- l--7v1•m1ma. 
Ca)&k~•~OJAn~rclJ(l)l.fin~r-€;ff't"o 

•1&0JJv-:17 7 o/ :1T-7'Jvc, 
(b) niJE&J!,,,y 7 7 o/ 77-::f Ji,,(l)&l.finil/iilrl::M~ 

atlt.::Ahii!r-€flT-:>M 1 (l)V Jl,,:r::fv7"!t@Mc. 
cc> m1i2m 1 OJ$ffl:ft~Elt'OJllin~r1::•~a tlk T 

::i-YlfilM~mc~':>tJ:0, niJE7:J-51filM~-~-
(i) wJEffi10)$m~~-(l)llitiCM~ankAti-€ 

;ffToM2 O)V)v:r:1v7"!tlfilMc, ( i i) •J&O)A 
n-€;frG. ni1Effi20)$11[~~-0)7PvAtv77C 
•~ank7::1-Y@Mce~tr;:c-€~fficT07/4 $ 
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[~*Jj{ 1 4] ffi'i*Jj{ 1 3 f2.0)7 /4 -Jl,, r-::1• ~7 
V7Jl,,3/- l--7 v-1' 1::st.YC lroEGD9,y 7ifi!Jfifll@~lj: 
N AND3/- l--'"c'i¥.>o 7 /4 -JI,,~ 7 • ~5V7J'v7'- 1--

7 v-1'. 
Cffi'i*JJ{ 1 5 J ~*JJ{ 1 4 tc~OJ7 /4 -;1,, ~ :1• ~5 

v:t;v?'- r-7 v-11::s1,,--c niltc&vJv:r:1v7"!t@ 
Nfj:2 M 1vJv:r:1v7-tr""t'i¥.lo74 -Jv ~ :t• ~5v 
:fJL,3/- J- 7 v-1 o 

[~IY30)~WftJ:~f!):I] 
[0001] 



(3) 

3 

[§e~ (l) •T G tUIH}Jfl :;f;:§elJH;;t, ilHl§J~~~~:r 
-y 71:::m• ~ ,h;~ 70 !;/7?:f Jl,,D 1/o/ 7 ~§1;:/ffll.,. 

-~. 7~-~F:1D!;/7V:f~1/-r-Yv1:ro/7(l) 
-$--c''6G D -Yo/ 7t:Jl,,l;:ffflT G. 
[0002] 
[{;f*(l)f.Hflj:&'lt§e~tJtf9'#c L-J: '5 cTGm!llml .ffilfil 
~ ( I C) f;;t. ~~(i(J I;:. 1 :J (l)ffifje. :i: 1d'11/ 7 r- '7 
x77□ !77~ ✓ ~L"~~~,hf;::~~(l)ffi•~•fil., 

t~. Lir•t.,t~tJtis. t-~'9tl(l)~,g,1;:t>. ffi•~•rrL-t~ 
• -y-.;,7~-~IC(l)~fi(l)~~#c~~.hf;::. 'E>?c~ M 

ilf l;:J;;t, • -Yo/ -7 M•~&UtH~l;:~J!L"~ G • .ffllfil~tJt 
lffl§e~.n-ct-lG. giJj{.J;f. • ;;o/!7Mfili~.:i--tf-nt~ 
.trTG;:: cnt"i."~G 7 ~ -Jv f-!7 • !f 7v:1Jv1/- r-Y 
v1 (F P GA) iJtlffl§e~.hTltlG. JIIHW(l91;:f;;t, 'C..(l) 

• -Y'Y-7ffi-~7• !;/7Z:f~ 77 ✓7~3/ .::t= 
o/r- (PFID"i."•fia.ttG. ;::(l)PFU~.-~ff(J 
1::, ~* l,l,l • -y-.;,-7 :&zt)( .'.f: 11 m•~•rrTGt.:.o01:: 
~* l,t,~ficlifl:m~T o 'C.. ctJt"i."~Gffli~ (l) • 1/o/ 71fil 
~-T~X~ AND1/-r-. OR1/-I--. NAND 

*lffl.lJZ 8 - 2 3 7 1 0 9 
4 

M--c''6 fJ. PLC 1 6 0 I::. PLC 1 6 0 (l)§j~~-1;: 
MPi-L-T5.A1.JA1, A2, A3, A4:&'ltA5 (K= 
5) :i:"i."(l):1-Jv1i1Hru~•rra-ttG'C..ct1t"i."~G <kfJ 
A2, A3:&'ltA4~F:&'ltG LUT(l)~~~~~~ 
~?Tl-lG). ~31:t. PLC170l;:~(l)§j~~.1£1;: 
001!1! l, T 9 J.-.:;IJ (A 1 7Y¥A 9) (K = 9) :i:"i."(l) t,~ < 
:J~(l):1-~m•~•rrattG'C..c~--c~o. se-.;11--

H LUT172~M~a.tt~L~(l)F&'ltG LU 
T162&'lt164(l)&ill1.J~flTGFPGA PLC 
1 7 0(l):1D-.;,-7~~~T. 
[0005] l,f;::~?T, PLC~~~GLUT(l)-~ 

(1)~1 X (RAM) c~,hG(l)lfil~~Ji.tl;i, -~QJP L 
C(l)Kffi~#c~TG.OOX~ L~(l)PCC150 ~ 
2) l:f;t. 5 (l)Kffi~ffiHftTG 3 2 E-.;, r-(l)~,g,~1 X 

(l)16Eo/r- RAM F&~G LUT162:&~1 
6 4tJTfflix6.hTltlG. M!fflfl91;:, L~(l)PLC 1 7 0 
(~3) IJ:. (F:&'ltG LUT(l).A7J (Al.77.¥A4 

:&'ltA 6 .77.¥A 9) f;;tl[t,~f;:~.trL-Tlt~GQJ'"c') 8 (l)K 
M~~~To32Eo/r-(l)~,g,~1;((l)~~(l)l6E-.;, 

1/-r-, NOR1/-I--. 7 1J-;,77Do/7, Jl,,o/7Yo/ 20 I-- RAM F}k'ltG LUT~ffiixTltlG. ~GI::. 
75'--:f)v}(t IJ. V Jv:r-:fv-7-!r. V1/A5', 7 o/ KM~LtfGt.:.obl::F:&'ltG L UT 1 6 2:&'ltl 6 4 
T, 3 ~!a/\-.:, 7 7) ~',3"/i.,"i_"l,l,Q. OOxlt. A~fl9~ (l)ill7Ji1ffi!rl:::ill!;IJD(l)L UT~:hDXG;:: cnt--C~G. g!Jx 
• -Yo/7ffifn3~. m,g,tt • -Yo/-7. YY-.~'7/5":& 
zt-fm(l):r-5' ,,Am• ~-a-A,"i_"l,l,Q. m,g,tt • ;,;-.;, !71;;1: 
A~l'.l':H;:Jl,,o/ -7 yo/ 75'--:f Jv (L UT) ~J!:jl,~T-rr 
a .n G (l) 1::M L-T. ~~ D ;,J 'Y -7 l;;tA~fl9 I;: 7 IJ , :17 
•, 7-?7-.;, 7'-(l)J: '5 ~iata•r (v;.J A5") ~m vlT 

•rrattG. 
[0003] ~~(l)J:'5~. &D-Yo/7t:~(T~b~ 

PLC: 7 • !;/7V:fJl,,• -y,7t:JI,,) IJ:. Jl,,o/7Yo/ 30 

75'--:fJI,, (L UT) ~J!:lPTiil.,g,tt• -Y-.;,-7ffiiru~­
rrTG. A~fl9~~. LUT~ A5'~~o/7 7/Y 
AY-7t:A}(t 1J (RAM) ~J!:llt•T. &PLC(l)ffifj­
ttD;.Jo/?M•~-?T:1-~(l)ffi•e•rrTG. 
"K•~ :1-~(l)*o/l--9-!7~M~L-TFPGA(l) 

ffl~(l)PLC--C.fiTG;:_c~"i."~G-*A7Jae~T 
;:: ct-:tJ:G(l)~itiiic!tl1d\. A~lfl91:l;;t. K(l)ffi;¢Uf 
mTG~:J.hT. Y~ij~-~a~lfil~(FPGA:r-.;, 
7"i.".rrc!.hG@N) ~-IT°9Q(l)~~~c~.hG (P 
LC c~ffi~) L UT(l)v-"\.)I,, (g!Jx,t~a) (l)~timt 40 

~L-. ;::.n~-~~-~~cA,E~<TG @N~~~ 
.obG). L~~?L, *~~KMeM:JPLCe~x 
Q ;:: C ti~* l, t,. ;:: C tit £6 Q D 

[0004)Mx~ ~l~~fittffi(l)PLC150(l) 
LUTI52(l):1 • -.;,-7~e~~~~K~ LUTl 
52~. PLC150~4.A7J ~~~K=4) :i:--c'(l) 
:1-;1,,~•:a:-~rra--tto;:.cnt-e~o 1 61:::o/ !--RAM 

,-t. PLC170 (~3) l::ill!ma.n1~H-LUTI7 
2~KM~l~~~m~ttGJ:'5~ffifruL,f;::. L~L,~ 

tJt G, :ill!:hD(l) LU T ~ P L C l:~:IJDT G c. ffl~fii-· 
f!Mt:tm:hDL- (i91Jxlt. lfil~~~t11mt~L) • fd\Tlt•(l) 
§JNY71J~-~a/Kc-:::>T~~~~G. ai;~. F 
PG A 1;:~ it GP LC v~Jl,,(l)~tJt:tm:JJDT G c, ~,hi;: 
Pl-GT, F P GAQJ~1 ;( c.:J.A J-.iJt~l;:~:1JDTG. 
[0006] 

C§l!Hlli~l9'#cT Gt~ob(l)=J=.~] :;f;:§e'Y31J:. ~~(l)P LC 
~fil,, &PLC~&PLC~(l)J.-.~tt(K) ~:lm:hD 
c!tto J: '5 l::ibttoPJirutJ::r::I-Ylfil~ffcffl:~'\3"U. 7 ~ 

-JI,, F 7 • !;f 7z:fJl,,1/- r- Yv1 l::IAJ~t6.ht~ 'E>(l)"i." 
'6G. ;::(l)7::I-¥@Mffcffl:~ I~~~ &PLC(l) 
&LUT~-~~.h. ~.h~J:fJ. PLCO)J.-.:;IJ~~­
~~(1)7:J-Y@~Elif(l).%.J-Pi-TGA7J~~~:lm:hDT 
G. 
[0007)&:r:J-¥~~ficffl:~ ff~~~- PLC 

(l)L UT l:m~~tlt~z J1,,:r7"v?~lfil~~'\3"U. a 6 
1:. ~~(l)A7JWilrc. vJv:r-7v7~@~(1)7~vA 
t: v? 5' 1::m~a.ntd:li1.J~rc~fl°TG:r:J-Y@~ 
tJtffiix 13.hG. ff~~-tiai91J"1:'l;i. z Jl,,7'-7v-7-!rlfil~ 
~- LUT(l)ffl1.Ji1ffi!r~-~a.ttkffil(l)J.-.:;1Ji1ffi!rc. 
~~fiM~-~a.ttkffi2(l)J.-.1.Ji1ffi!rc~fiTG2.%.tl 
MUX~-a-~ 2MlMUX(l)7FvAt:v75'~L~ 
(l):r:J-Y@~i:m~a.tt-cftiiJ~a .ttG. L-1~t1t? T. 

--c''6G. ~21;t. ~rrttffi(l)PLC 16 QO)F:&VG :;f;:§e'Y3(l)7:J-Y§J~Effll;;t. @~fflFPGAl::LUT 
LUT 162:&V164(l):1Do/-7~~~~ F&zt (l):ill!m~~~-TG~~lt~~TG'C..c~<. FPGA 
G L UT 162&'ltl641J:~$c't 1 6 Eo/ !--RA 50 clffliii!TG:1-Jl,,ffl(l).*J.-.:;IJtt (K) ~:tm:hDattQ;:_ 
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5 

cK~?L, &PLC©• 1.J€•-~tto.*H~©~ 
f2©%1U;t. ~M181iti c;ftl::fitJ:btlo.12,CF©:;f;:"H~I:: 
~o-~©--~M©n~~-~O)-~K~tJ.88K 
00 GiJ~I::~ tJ ~~"c'~ o t::.0 '5. 
(0008] 
rnooO)•~©•W~~181®€•~9oc. ~c•oo 

-·~~C'9~b~~•O)M~~-€~~'9o. 1814 

(4) ~Im.sir 8 - 2 3 7 1 0 9 

6 

tt. 7:J-:$'@1~2060)tfj1Jt,1• 1/o/:7 •- (0) 
~G~ MUX204©Yffl1J•~. ffl1.J~210€* 
l.,TLUT202©ffl1J• cWG<~o.-r:J-:$'@J~ 
2 0 6 0) ffl 1J t,1 • 1/ v 7 /\-'( (1 ) ~ '3 tt. MU X 2 
04©Yffl1.J•~. ffi2©A1JMr2140)~Mfi• 
(O) 1::WG<~o. 
[0011) l.,k~?~ 1814~Ml.,T~E~mOOGk 

Ii. *HOO©:r:J-:$'@J~ffctlt 2 0 31::m~attt.:.J'vv ~ 51::. PLC 2 0 0 Ii. m+ LA7.J (K=m + L) tJ1 
:77,y-;;/7-:/J'v (LUT) 2 0 2€13'0'7• ?°5'"'<'7 tllflt~tt. -ttll::~tJ. -t©"Pl:::l&:km+LA7.J€1f'9 
J'v • 1/o/ :?t}'v (PLC) 2 0 0 0)-$€~9. i&:'bfii'j 10 o 7-J'v#H~€-figo• 1JtJHj-;t 6tlo. M~Jt. L 
-~-~MK~~o:f::1-Y@~ffca203~v~~7 
L,,::o/'!t (MUX) 2 0 4 c~*©-r:J-:Sf@JWi2 0 6 € 
3~$~©FPGA. M;t~AT&T~6$~att.T 
l-loORCA FPGA. ©ilU.Sl@J~P-J"c'PLC2 0 0 
€•~9O.::c~"c'~o.::c~~m•K~b~o.-~ 
K. PLC200~0):f:J-:$f@J~~~2030)m~ 
~. LUT@J~~O)·-~©-Wc~~l.,T~~l.,k~ 
~€M~.::ctJ::<. PLC200©A1.J.(K) ~mro 

UT202~8evt--LUT ~=3) "c'~tJ. ~~T 
::i-5@~206~5A1.J (L=5) ~~~~:>KMd 
'2"tl.Tltlo:f'1~1;t. PLC2 0 Ol;t. :l&:k8A7.J (K= 
8 = 3 + 5) ~1f9O:f-J'vffl!·~-fj99.7.JfJ'rlj:;t 
6tlo. l.,k~?T. :f::i-5'@~~~203~ PL 
C2000)A7.J. (K) € (L)O)·-~~••atto 
~ 51::!l!Jfpg o. 
[0012]~~~5a~~5c~S00'9oc. • 40) 

attoffl• tJ1~O. -r::i-Y@~ 2 o 6 ©fmO)!ff:ffitJ:•tif§MtJ1~ ~ tt T vl 
( 0 0 0 9) 1814 €S~To c. ~Jc l.,T. L UT 2 0 2J o. ~ 5 a Ii. LA1.J.r€M~ttc*O)NAND3/- f-, 

21:l:. 2• eo/ Hi!i?©'b©"c'~tJ. -t©'k.ll:>. mkh2 
0 8 (~J;tliK=m) €1fTo7-J'v~€-fiTo.:: c 
iJ1"c'~o. ~J;tli. L UT 2 0 2 Ii. 1 6 ev H& (2 
• = 1 6, m=4) ©'b©i'J::611. 4A7.J (K=4) a:: 
"c'€1fTo :f-J'vffl~-fj-9O0)1::;ffi,t:;l.,Tl-loo LU 
T2020)ffl1.J~210~&:ffiK~2Ml©MUX2 
0 4 O)ffi 1O)kh.r2121::m~"2"tl.Tl-lo. MUX 
2 o 4 ©ffi 2 O)A7.JJi/ilr 2 1 4 !i-r7 ;;j- J'v f-,ffi ( 0) !:: 

2 2 20)Bfm€1f9O7:J-::$>'@1~2 0 6~~l.,Tl,l 
o.~5b~. LA7.J•r~M~. &A7.JJi/ilr~2Ml 
MUX 2 2 6 l::~~att.TlrloNAND3/- r-2 2 40) 

•fm0)-r::1-Y@Wi2 o 6 €~t.,Tl-lo. &2M1 vJ'v 
~-;;/t.,,::o/'!t226~.;tt~/-F232 • .::.::"c'~i:pOO 
/- F 2 3 2 cM~To&k1JYi'iiff 2 2 8, 2 3 0 €if 
G. A1.JJi/ilr 2 3 o 1;1:ttc*0)-1 :,it-!>' 2 3 4 '1.'~o. 
MU X 2 2 6 © 7 F t.,, .7. t t.,, :7 !Y 2 3 6 l;t, 1 e-:,, f-, 

~~att.Tlrlo. MUX 2 0 4©7 FL,,.7.tL,,!J!YJi/ilr .7,!>77.,( -:,,7 7':,,:Sf h.77t.7.;,t-=E 1) (RAM) 2 3 
2 1 s li:f::i-5@~2 o 61::m~~tt.Tlrlo. Jl,J~O) 30 s 1:-:m~"2"tt.Tf!ii1Jfllatto. • 5 di. m ll?d.tffi 2 0) 
cs IJ. ;:_ O)J: 5 tJ::f::r-5@~ 2 o 6 l:t. k1Jfil~O> 
ffi~tt€.A~ffi~ttM~Kffi~Tol~O)ffl1.JM~K 
R~'9o~a"c'~o.Mct.,~ -r::1-:Sf@~2oe~ 
LA1J~ 2 2 o €1fTo~ 5 l:::ffi~'2"tt.Tlrlo. t.,t.::n1 

?~ ,::O):f::r-5@M206ti. LA1.J220©ffl~ 
ttffil;::{tfi'fl.,T-tO)lli~Ji/ilr (~2 2 0) l::: • 1/-:,,!J 

r-5~~~!>7240&~242~6Mdatto~5b0) 
MUX226~ml.,. &r-5' ✓1/.7.!>7240, 2420) 
~-.7.~le-:,,r- .7.!>7~-{o/7RAM238KM~~ 
~-ttl.K~tJfF~a::'k.ti~fF~K'2"tlo.~40):r::i 
-Y@• 206~ ~•©@• ~~"c'~d~o.::c~"c' 
@ ~;t~ NAND3/-r-224€AND3/-f-,Kft 

A-1 (1) a::kti • Yo/!7D-(0)1:fj~O)E~6~€ ;tT~-l-~. @5~~attk'b©~f!ii1~'2"tlo~~"c' 
M::>~51::i/Jfl=-to. -r::i-5@~2 o 6©~~~~ ~i,~.::ctJ!bn~o. 
~.:f::r-5@~206©-~©A1.JffiftttffiK~#l., [0013] ~6ti.*HOOK~oPL250~~~o 
T • Y-:,,7 J\-1 (1) a::tdi • 1/-:,,7 •- (0) l:fj 40 :f::i-Y@M~rl2450)a'31::fmO)ff;ffi~~~~J~~ 
1.J• ~M~~?~-•KMd-to.::c~"c'@o.::c~lli ~:r:J-5@1~~~245~. MUX204©ffi20) 
~•1::1;tvt1~O. 
[0010] a::k.R*O)~:>K. MUX204©7~ 

L,,.7,tL,,::o/~218KA1.Jatto• ~;t~O~~l) 
~. E©A1J~~(212a::'k.~214)~ffl1JJi/ilrY 
KM~~tto~@~e~~9O~~1.J~~o.&:ffiK 
~. MUX204~7:7°7"-{7• -(0) Ki'J::o~?~ 
:ffi~'2"tt. -tO)klf>.-r::i-5@~206©ffl1.J (~2 

A7.JJi/ilr214~leo/t-- .7.!Y~-{,y!JRAM252 
1::•~~tt.Tt-lo,;ifJ\li. ~40)-r::1-Y@• ~flt2 o 
3c•~~K~C"c'~o. RAM2520)~-~.1-
-if-l;::, MUX2 0 4€0a::'k.l;tlO)E~1:>t/lO)~Jiifj •~~::>~ 51::iiffi~att o ~1.J €4~o. 
[0014) ~7ti. ~#©FPGA~©*H~©-r::r 

-5@~~-©-flt©-M€~T.1817~~ ~-©A 
20)~O.Yo/:7 o-(0)©:1'1~. MUX204© T&T ORCA FPGA©PLC300~©18160> 
ffi 1O)A1JJi/ilr21 2 li-tO)ffl1JYl::M~atto. ~J;t 50 7:J-:$'@1~~- 2 4 5 ©m-f!ti11~~tt.Tlt}o. ~1[ 
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7 

J:., ORCA PGAO)J:.$0)2:JO)LUT3 0 2, 3 
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Serial No. 10/183,590 

IN THE CLAIMS: 

The text of all pending claims, (including withdrawn claims) is set forth below. Cancelled 

and not entered claims are indicated with claim number and status only. The claims as listed 

below show added text with underlining and deleted text with stril<:ethro1;;J9h. The status of each 

claim is indicated with one of (original), (currently amended), (cancelled), (withdrawn), (new), 

(previously presented), or (not entered). 

1. (PREVIOUSLY PRESENTED) A look up table of M inputs and N outputs, 

comprising: 

a plurality of LUT units; and 

an internal configuration control circuit controlling an internal configuration of said 

plurality of LUT units, wherein said internal configuration control circuit comprises 

a plurality of selectors selecting 1/0 signals of said plurality of LUT units, and 

a selector control circuit having a memory, controlling said plurality of selectors in 

accordance with data stored in said memory, and defining the internal configuration of said 

plurality of LUT units. 

2 -3 CANCELLED 

4. (PREVIOUSLY PRESENTED) The look up table as claimed in claim 1, wherein 

said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

with the data stored in said memory. 

5. (PREVIOUSLY PRESENTED) The look up table as claimed in claim 1, wherein 

said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

2 
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with the input signal. 

6. (ORIGINAL) The look up table as claimed in claim 1, wherein said look up table 

of M inputs and N outputs is a 6-input 3-output look up table. 

7. (ORIGINAL) The look up table as claimed in claim 6, wherein said 6-input 3-

output look up table comprises eight 3-input 1-output LUT units. 

8. (ORIGINAL) The look up table as claimed in claim 6, wherein said 6-input 3-

output look up table comprises four 3-input 2-output LUT units. 

9. (PREVIOUSLY PRESENTED) A programmable logic circuit device comprising: a 

plurality of logic blocks; 

a plurality of routing wires connected to each of said logic blocks; 

a plurality of switch circuits provided at an intersection of each of said routing wires; 

a plurality of connection blocks provided between an 1/0 line of each of said logic blocks 

and each of said routing wires; and 

an 1/0 block performing an input/output operation with external equipment, wherein each 

of said logic blocks has a look up table of M inputs and N outputs, comprising: 

a plurality of LUT units; and 

an internal configuration control circuit controlling an internal configuration of said 

plurality of LUT units , wherein said internal configuration control circuit comprises 

a plurality of selectors selecting 1/0 signals of said plurality of LUT units, and 

a selector control circuit having a memory, controlling said plurality of selectors in 

accordance with data stored in said memory, and defining the internal configuration of said 

plurality of LUT units. 

10 - 11 CANCELLED 

12. (PREVIOUSLY PRESENTED) The programmable logic circuit device as claimed 

in claim 9, wherein said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

3 
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an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector 

being controlled in accordance with the data stored in said memory. 

13. (PREVIOUSLY PRESENTED) The programmable logic circuit device as claimed in 

claim 9, wherein said plurality of selectors include: 

an input signal selector provided at an input of at least one of said LUT units to select an 

input signal; and 

an output signal selector provided at an output of said LUT units selecting an output 

signal, said input signal selector and said output signal selector being controlled in accordance 

with the input signal. 

14. (ORIGINAL) The programmable logic circuit device as claimed in claim 9, wherein 

said look up table of M inputs and N outputs is a 6-input 3-output look up table. 

15. (ORIGINAL) The programmable logic cir:cuit device as claimed in claim 14, 

wherein said 6-input 3-output look up table comprises eight 3-input 1-output LUT units. 

16. (ORIGINAL) The programmable logic circuit device as claimed in claim 14, 

wherein said 6-input 3-output look up table comprises four 3-input 2-output LUT units. 

17. (PREVIOUSLY PRESENTED) A method of configuring a look up table of M 

inputs and N outputs, comprising: 

providing a plurality of LUT units; and 

selectively controlling 1/0 signals of said plurality of LUT units to set a predetermined 

mode of an internal configuration. 

18. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein the 1/0 signals of said plurality of LUT units are selectively controlled in accordance with 

data stored in the corresponding look up table. 

19. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein an input signal input to at least one of said LUT units and an output signal output from 

4 
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said LUT unit are selectively controlled in accordance with data stored in the corresponding look 

up table. 

20. (ORIGINAL) The method of configuring a look up table as claimed in claim 17, 

wherein an input signal input to at least one of said LUT units and an output signal output from 

said LUT unit are selectively controlled in accordance with a predetermined function of the input 

signal. 

5 
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REMARKS 

It is respectfully noted that on the Office Action Summary, claims 1, 4-6, 9, and 12-20, 

which is inclusive of claims 15-16, are rejected. Furthermore, on page 3 of the Office Action, 

claims 7 and 8 are rejected in view of FIG. 10 of U.S. Patent No. 6,323,677 to Lane et al. 

However, on page 4 of the Office Action, it is indicated that claims 7-8 and 15-16 are objected to 

as being dependent upon a rejected base claim, but would be allowable if rewritten in 

independent form. 

It is respectfully requested that it be noted in subsequent actions that claims 7, 8, 15, and 

16 are not rejected but objected to. 

In accordance with the foregoing, claims 1, 4-6, 9, 12-14, and 17-20 stand rejected and 

claims 7, 8, 15, and 16 stand objected to. 

Claims 1, 4-9, and 12-20 are pending and under consideration. 

REJECTION UNDER 35 U.S.C. § 102: 

In the Office Action, at page 2, claims 1-20 were rejected under 35 U.S.C. § 102 in view 

of U.S. Patent No. 6,323,677 to Lane et al. ("Lane"). This rejection is traversed and 

reconsideration is requested. 

Lane generally describes a programmable logic device circuitry for improving multiplier 

speed and/or efficiency. Contrary to the assertions made in the Office Action, Lane fails to teach 

or suggest, "an internal configuration control circuit controlling an internal configuration of said 

plurality of LUT units," as recited in independent claims 1 and 9. Rather, Lane provides a PLC 

102, which is programmable by function control element 104, to output either input C or an 

inverted carry in signal. See column 4, lines 40-53. An output signal of PLC 102 is a third input 

to look-up table (LUT) 11 0a and also to the control input terminal of PLC 120b. For instance, 

logic module 1 00a is used as a four-input look-up table, FCE and RSELC is programmed logic 1 

to cause PLC 102 to select the C input (rather than CIN) for application to one input of look-up 

table 110a and to the control input of PLC 120b. See column 6, line27-31. Nothing in Lane 

teaches or suggests that the inputs to the LUT 110a are used to control the internal configuration 
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thereof. 

Further, look-up tables 110 in Lane are programmed so that logic module 100b combines 

Q, A, and CIN in a sense indicated by input B in order to provide an up or down counter. See 

column 8, lines 14-26. In other words, the direction of counting is indicated by input B, and 

counting is enabled by input A. Thus, rather than controlling the internal configuration of the 

look-up tables in Lane, the input signals to theses tables are used to trigger counting. 

In addition, although Lane generally provides that components of PLCs can be controlled 

by various, programmable, function control elements ("FCEs"), that alone does not teach or 

suggest that FCEs are also controlling the internal configuration of the LUTs. Rather, based on 

the description of the system in Lane, and, for instance, the specific sections previously 

discussed of Lane, the FCEs merely cause PLCs to select an input signal for application to one 

of the LUTs and allow the LUTs to process the input signal and generate an output signal as pre­

programmed. There is no actual control of the internal configuration of the LUTs. 

Further, Lane fails to teach or suggest, "selectively controlling 1/0 signals of said plurality 

of LUT units to set a predetermined mode of an internal configuration," emphasis added, as 

recited in independent claim 17. Rather, a PLC in Lane selects an input for application to an 

LUT and to the control input of a PLC. The PLC may be programmed to select an output signal 

of one of the LUTs. There is no setting of a predetermined mode of an internal configuration of 

the LUTs in Lane. 

Thus, Lane fails to teach or suggest all the recitations of independent claims 1, 9, and 

17. Accordingly, it is respectfully requested that independent claims 1, 9, and 17 and related 

dependent claims be allowed. 

CONCLUSION: 

In accordance with the foregoing, it is respectfully submitted that all outstanding 

objections and rejections have been overcome and/or rendered moot and further, that all 

pending claims patentably distinguish over the prior art. There being no further outstanding 

objections or rejections, the application is submitted as being in condition for allowance, which 

action is earnestly solicited. At a minimum, this Amendment should be entered at least for 

purposes of Appeal, since it either clarifies and/or narrows the issues for consideration by the 

Board. 

If the Examiner has any remaining issues to be addressed, it is believed that prosecution 
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can be expedited and possibly concluded by the Examiner's contacting the undersigned attorney 

for a telephone interview to discuss any such remaining issues. 

If there are any underpayments or overpayments of fees associated with the filing of this 

Amendment, please charge and/or credit the same to our Deposit Account No. 19-3935. 

Date: _July 1, 2004 __ 

1201 New York Ave, N.W., Suite 700 
Washington, D.C. 20005 
Telephone: (202) 434-1500 
Facsimile: (202) 434-1501 

Respectfully submitted, 

ST AAS & HALSEY LLP 

By: _.c_,i· -..e:::~6::::!=::::!~-==-=:...=...._-~­
Alicia M. Choi 
Registration No. 46,6 
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Notice of Allowability 

Application No. 

10/183 590 
Examiner 

Anh Q. Tran 

Applicant(s) 

SUEYOSHI ET AL. 
Art Unit 

2819 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 181 This communication is responsive to 7/01/04. 

2. 181 The allowed claim(s) is/are 1.4-9 and 12-20. 

3. 181 The drawings filed on 28 June 2002 are accepted by the Examiner. 

4. 181 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 1:81 All b) D Some* c) D None of the: 

1. 1:81 Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 
(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

7. • DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 1:81 Information Disclosure Statements (PTO-1449 or PTO/SB/08), 
Paper No./Mail Date 6/28/04 

4. D Examiner's Comment Regarding Requirement for Deposit 

of Biological Material 

5. D Notice of Informal Patent Application (PTO-152) 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. [81 Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

Anh Q. Tran 
Examiner 
Art Unit: 2819 

U.S. Patent and Trademark Office 
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Application/Control Number: 10/183,590 

Art Unit: 2819 

DETAILED ACTION 

Allowable Subject Matter 

1. Claims 1, 4-9, 12-20 are allowed. 

2. The following is an examiner's statement of reasons for allowance: 

Page2 

3. although the prior art of record discloses control circuit having a memory for 

controlling a plurality of selectors for selecting LUTs' input signals, but no teaching of 

controlling and defining an internal configuration of the LUT; with respect to claims 1, 9, 

and 17, in addition to other limitations in the claims, the prior art of record fails to teach 

or disclose the applicant's invention as claimed, particularly the feature describing an 

internal configuration control circuit controlling and defining an internal configuration of 

the plurality of LUT units. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Anh Q. Tran whose telephone number is 571-272-1813. 

The examiner can normally be reached on M-TH (7:00-5:30) Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Michael Tokar can be reached on 571-272-1812. The fax phone number for 

the organization where this application or proceeding is assigned is 703-872-9306. 
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Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request 
involving an individual, to whom tJ1e record pertains, when the individual has requested assistance from the Member 
with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an In ternationai Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, 
pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individtials. 

8. A record frorn this system of records may be disclosed, as a routine use, to the public after either publication of the 
application pursuant to 35 U.S.C, 122(b) or issuance of a patent pursuant to 35 U.S,C. '151. Further, a record may 
be disclosed, subject to the !imitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

EFS • Web 2.4 



PTO/SB/96 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

Applicant/Patent owner: Masahiro IIDA 
-----------------------------------------

App Ii cation No./Patent No.: 10/183,590 I 6,812,737 Filed/Issue Date: 2002-06/28 / 2004-11-02 

Titled: PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING TO REDUCE 
IMPLEMENTATION AREA 

Masahiro IIDA _____________________ ,a Individual 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc. 

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. • an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is %); or 

----

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel _______ , Frame _______ , or for which a 
copy therefore is attached. 

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: Toshinori SUEYOSHI and Masahiro IIDA To: Semiconductor Tech. Academic Research Ctr. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 013050 Frame 0486 or for which a copy thereof is attached. 

2. From: Semiconductor Tech. Academic Research Ctr. To: Masahiro IIDA 

The document was recorded in the United States Patent and Trademark Office at 

Reel 033904 Frame 0739 or for which a copy thereof is attached. 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame _______ _ or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3. 73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Konomi Takeshita/ 

Signature 

Konomi Takeshita 

Printed or Typed Name 

December 7, 2016 

Date 

38333 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 



Electronic Patent Application Fee Transmittal 

Application Number: 10183590 

Filing Date: 28-Jun-2002 

Title of Invention: 
PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING 
TO REDUCE IMPLEMENTATION AREA 

First Named Inventor/Applicant Name: Toshinori Sueyoshi 

Filer: Konomi Takeshita 

Attorney Docket Number: 1687.1001 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

PET. REVIVE ABANDON APP, DELAY PYMT-RESP 1453 1 1700 1700 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1700 



Electronic Acknowledgement Receipt 

EFSID: 27719189 

Application Number: 10183590 

International Application Number: 

Confirmation Number: 9469 

Title of Invention: 
PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING 
TO REDUCE IMPLEMENTATION AREA 

First Named Inventor/Applicant Name: Toshinori Sueyoshi 

Customer Number: 21171 

Filer: Konomi Takeshita 

Filer Authorized By: 

Attorney Docket Number: 1687.1001 

Receipt Date: 07-DEC-2016 

Filing Date: 28-JUN-2002 

Time Stamp: 17:50:25 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $1700 

RAM confirmation Number 120816INTEFSW00006414502270 

Deposit Account 502270 

Authorized User Konomi Takeshita 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

37 CFR 1.16 (National application filing, search, and examination fees) 

37 CFR 1.17 (Patent application and reexamination processing fees) 



37 CFR 1.19 (Document supply fees) 

37 CFR 1.20 (Post Issuance fees) 

37 CFR 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

253253 

1 Power of Attorney 
ExecutedPOAsb81 aYl 6YL039. 

1 
pdf 

no 
366f788598ee 1443e23be341 ecc873b0f39c 

0097 

Warnings: 

Information: 

204024 

2 Change of Address 
FeeAddresslndicationFormSB4 

2 
7Yl 6YL039.pdf 

no 
53e8cc94b60f72e62b508fd8f74dedae0881 

e111 

Warnings: 

Information: 

1999004 

3 
Petition for review by the Office of PetitionToMaintenanceFeeExpi 

no 3 
Petitions redsb66Yl 6YL039.pdf 

0ae84c39b82c881298Scfc1 b 16209bdc681 
d41f4 

Warnings: 

Information: 

436721 

4 
Assignee showing of ownership per 37 StatementUnder37CFRsb96Yl t 

no 2 
CFR 3.73 YL039.pdf 

819be48eaf9b78ae 78ca83e2e1 c586ad 1 00 
2b535 

Warnings: 

Information: 

30621 

5 Fee Worksheet (5B06) fee-info.pdf no 2 
64e2611985467e1 e4b9b598390df08e6faa 

Sd1e0 

Warnings: 

Information: 

Total Files Size (in bytes) 2923623 



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



PT0iSB/81A (12-08) 
Approved for use through 11/30/2011. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Papeiwork Reduction Act of 1995, no persons are required lo respond to a co!!ection of information unless it displays a valid 0MB control number. 

,r 
PATENT - POWER OF ATTORNEY Patent Number 6,812,737 " OR Issue Date 2004-11-02 

REVOCATION OF POWER OF ATTORNEY First Named Inventor roshmon :su1::.ru;;:.HI 

WffH A NEW POWER OF ATTORNEY Title 
PROGRAMMABLE LOGIC CIRCUIT 
DEVICE HAVING LOOK UP TABLE 

AND r-Al J\ ru !Jo:tr-. -r-L""\ nrr"'\.R ,r--r- D 

~HANGE OF CORRESPONDENCE ADDRESS Attorney Docket Number Y16YL039 _) 

! hereby revoke al! previous powers of attorney given in the above-identified patent 

C A Po'4-er of Attorney is submitted herewith. 

OR 

[g] 
! hereby appoint Practitioner(s) associated ·with the foiiowlng Customer Number as my/our 

187046 
I 

attorney(s) or agent(s) with respect to the patent identified above, and to transact all business in 
the United States Patent and Trademark Office connected therewith: 

OR 

C I hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) with respect to the patent identified 
above, and to transact all business in the United States Patent and Trademark Office connected therewith: 

Practitioner(s) Name Registration Number 

Please recognize or change the correspondence address for the above--identified patent to: 

~ The address associated with the above-mentioned Customer Number. 

OR 

• The address associated with Customer Number: I OR 

• Fimi or 
Individual Name 

Address 

City I State I ! Zip I 
Country 

Telephone I Email I 
I am the: 

• Inventor, having ownership of the patent. 

OR 

[X] Patent owner. 
Statement under 37 CFR 3. 73(b) (Form PTOiSB/96) submitted herewith or filed on 

~, Si~NATURE of inventor or Patent Owner 

Signature / hn._,&...,1.,vi,.:-1.,-v U) ,c .. ___ [ Date Dec-.ember 6. 2016 

Name Masahiro i!DA I Telephone 

Title and Company Professor, Kumamoto University 

NQ_I.e_: Signatures cf ail ihe inventors or paten! owners of !he entire interest or their representa!ive(s) are required. Submit multiple folTils if more than one 
signallJre !s requ;red, se<a beloW". 

lg) "Total of 1 forms are submitted. 

This collection of infom1ation is required by 37 CFR 1.31, 1.32 and 1.33. The information is require!! to obtain or retarn a benefit by the public which ;s to file (and by lhe 
usp-ro to process} an applicatloo. Contlde;maiily is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. Thi.s coUection is es!ima1ed !o take 3 minutes lo complete, 
including gathering, preparing, and submitting the comp!e!ed app!ication folTil !a the USPTO. Time wm vary depending upon me individual case. Any comments on 
lhe amount of !!me you require to complete this form and/or suggestions for reducing !his burden, shooid be sent to the Chief Information Officer, U.S. Patent and 
Trademark Offic-..e. U.S Department of Commerce. P.O. Box 1450, AleJtandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THiS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450_ 

if you need assistance in completing the form, ca/i 1-800-PT0-9199 and select option 2. 



[ 

PTO/SB/4 7 (03-09) 
Approved for use through 05/31/2015. 0MB 0651-0016 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

"FEE ADDRESS" INDICATION FORM 

Address to: Fax to: 
Mail Stop M Correspondence 571-273-6500 
Commissioner for Patents -OR-
P .0. Box 1450 
Alexandria, VA 22313-1450 

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition, 
only an address represented by a Customer Number can be established as the fee address for maintenance 
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to 
maintenance fees should be mailed to a different address than the correspondence address for the application. 
When to check the first box below: If you have a Customer Number to represent the fee address. When 
to check the second box below: If you have no Customer Number representing the desired fee address, 
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For 
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403. 

For the following listed application(s), please recognize as the "Fee Address" under the provisions of 37 CFR 
1.363 the address associated with: 

0 Customer Number: 187046 I 
OR 

• The attached Request for Customer Number (PTO/SB/125) form. 

PATENT NUMBER APPLICATION NUMBER 
(if known) 

6,812,737 10/183,590 

Completed by (check one): 

D Applicant/Inventor /Konomi Takeshita/ 

Signature 

0 Attorney or Agent of record 38333 Konomi Takeshita 

(Reg. No.) Typed or printed name 

D Assignee of record of the entire interest. See 37 CFR 3.71. 215-701-6349 
Statement under 37 CFR 3.73(b) is enclosed. Requester's telephone number 
(Form PTO/SB/96) 

D Assignee recorded at Reel Frame December 7, 2016 

Date 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one 
signature is required, see below*. 

0 * Total of , forms are submitted. 

This collection of information Is required by 37 CFR 1.363. The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and 1.14. This collection is estimated to take 5 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313- 1450. DO NOT SEND COMPLETED FORMS TO THIS A DDRESS. 
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

] 



Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 



APPLICATION NUMBER 

10/183,590 

21171 
ST AAS & HALSEY LLP 
SUITE 700 

FILING OR 3 71 (C) DATE 

06/28/2002 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Toshinori Sueyoshi 1687.1001 
CONFIRMATION NO. 9469 

POWER OF ATTORNEY NOTICE 

1201 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 

11111111111111111 lllll ll]~!l]!~l!~l!~U!l)~~I) jll] 111111111111111 IIII IIII 

Date Mailed: 12/15/2016 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/07/2016. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



APPLICATION NUMBER 

10/183,590 

87046 
Konomi Takeshita 

FILING OR 3 71 (C) DATE 

06/28/2002 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Toshinori Sueyoshi Y16YL039 
CONFIRMATION NO. 9469 

POA ACCEPTANCE LETTER 

Eight Penn Center, Suite 1300, 
1628 John F. Kennedy Blvd. 
Philadelphia, PA 19103 

1111111111111111111111 ll]~!l]!~l!~l!~U!lf ~!U] 111111111111111 IIII IIII 

Date Mailed: 12/15/2016 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/07/2016. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/dtvernon/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 



, l. 
JAN/05/2017/THU 07:30 AM _.,,, FAX No. P. 001 

JAPAN ANO INTERNATIONAL 
PATENT. TRADEMARK AND 

COPYRIGHT MATTERS 

TO: 

FAX No.: 

FROM: 

DATE: 

Patent No.: 

Omori & Yaguchi 
EIGHT PENN CENTER, SUITE 1300 

1628 JOHN r. KENNE:DY BLVO 
PHILADELPHIA, PA 19103 

TEL: (215)701-6349 
FAX: (215)751-0192 

FACSIMILE TRANSMISSION 

USPTO / Facsimile Transmitted to 
Maintenance Fee 

571-273-6500 

Konorni Takeshita 

January 5, 2017 

6,812,737 

Application No. 10/183.590 

Our Ref.: Y16YL039 

MESSAGE: 

TOKYO 
PHILADELPHIA 

Attached please find a signed Maintenance Fee Transmittal Form 
(PTO/SB/45) to pay the 11.5 year Maintenance Fee plus a Surcharge. Those Fees are 
to accompany the Petition to Accept Unintentionally Delayed Payment of 
Maintenance Fee In an Expired Patent (PTO/SB/66) previously submitted via 
EFS~Web on December 7, 2016. The required Petition Fee ($1700) was already paid 
via EFS-Web on December 7, 2016. 

Please process the attached Maintenance Fee Payment, to permit granting of 
the retition (rTO/DD/66) and reinstate1ne1,t of tliis patent. 

If you have any questions or need further information in this matter, please give 
mo a call at (215) 701-6349 (office). Thank you. 

B~~ 
~~omi Takeshita - Reg. No. 38,333 

,._ The information contained in this facsimile message is privileged and confidential information intended 
only for the use of the recipient named above. If the reader of this message is not the intended recipient, 
or the employee or agent responsible to deliver it to the intended recipient, any distribution or copying of 
this immediately by telephone and return the original message to us at the above address by mail....,,,. 

We have 2 pages to send, including this sheet. If any pages need to be retransmitted, please 
call 215-701.6349 
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.:; .. 
JAN/05/2017/THU 07:30 AM ...,_,..,, FAX No. P. 002 
.. ,' .''-~ 

.,..,., 

PTO/S6/4S (03-13) 
APproved for use through 05/31/ZOlS. 0MB 0651-0016 

U.S. PatentendTfademarli: Offlce; U.S. DEPARTMENTOFCOMMERCI: 
Uoder the P,perwork R.ed~,;t,ion Act of 1995, no p,:,r.ans •r~ required ta rci:pond ta• callcetfon af infol'nlotion unle$S it disolayg e valid 0MB conttol number. 

MAINTENANCE FEE TRANSMITTAL FORM 
(Do not submit this form electronically via EFS• Web) 

Address to: I hereby certify that this correspondence is being deposited with the United States Postal Service with 
Director of the United State.s sufficient postafl"e as flrst class mall 1n an envelope addressed to uoIrector of the United states P0tent 

Patent and Trademark Offii:e and Trademark Office, Attn: Malntemince Fee, 2.051 Jamieson Avenue, suite aoo, Ale)(.ondrl~, VA :U3l4" 
Attri: l\llalntenal\~ Fee 
2051 Jamie.son Aven1.1e, Suite 300 on 
Alexandria, VA 2.2314 

Signature 81til6121U7 DALLEN 88080881 592270 -OR-
Typed or prlllted name 01 FC:1599 7400,08 DA 

Fax to: 571•273-6500 

e:nclosect herewith Is the payment of the rnalnten~nce feels) for the listed patent(s). 

1. 0 A check for the amount of$ for the full payment oft/le maintenance fee(s) and ;iny neCf;!ssary surcharge is enclosed. 

2. • Payment by credit card. Form PT0-2038 IS enclosed. 

3,0 The Director Is hereby authorized to charge $ 7,S60.00 to cover the p0vment of the fee(s) Indicated below to 

UC?pO.C.lt I\CCOunt NO, 602270 

4. 0 The Director is hereby authorized to charge any dsficieney In the paymellt of the required fee(s) or credit any overpayment to 

Deposit Account No. 502270 

Item Patent U.S. Application Maintenance Surcharge Payment Year 

Number"' Number* Fee Amount Amount (select one below) 
(e.g,, 08/555,555] {37 CFR l.ZQ(e)-(g) (37 CFR :J..W('1}) toh;mns 

Column1 Column 2 tol1,1mn 3 Column4 3.5 yrs 7.5 yrs 11.s yrs 

l l'\,~1?,7:17 1n1rn1,i:,qn F,.i:1.nnnn $1Rn nn X 
I 

2 

3 

4 

5 

subtotals: Columns 3 & 4 $7,400.00 $160.00 D ___ additional sheets attached for 

Total Payment $7,560.00 li'.11-ine; additional patents. 

* Information required by 37 CFR l,366(c) (columns 1 & 2), Information requested under 37 CFR 1.a66(d) (columns 3, 4, &. SJ. 

WARNING: Information on this form may become p1,1blii;. 0-edit tord iofori:natio" should not be included on this 

form. Provide c:tedit card information and authorlz.atlon on Form PTO-2038. 

Respectfully submltted, .. / --,zb ~ I, r~:~ 
-

Customer'$ Signature 

Customer's Name Konor,{i Takeshita Registration Number, if applieoble: 38333 

Telephone: 201-701-6349 Fax: 201r751..Q192 

Note: All correspondence wlll be fo~rded tot/le •Fee ~dctress" orto the "Correspondence Address" if no "Fee Address" has been provided. 
See 37 CFR 1.363. 

Payment of small entity fee is appropriate if small entity status still exists, see 37 CFR 1.27(g). TO establish small entity stat\lS or to notlfy of a 
loss of entitlement to small entity 5tatu,, a written assertion is l'll:qUired. See: 37 Cl'R 1.27 and 1-33(b). Payment of micro entity fee Is 
~pproprlate If patent owner certifies 11'11,ro entity s~t1.1.s. Forrn PTO/SB/lSA or B or equivalent must either be endos&d or have been 
$1.1bmltted prevtously. To notify of a lo$S of entltleme!\t to micro entity status, s. written assertion ls required, See 37 O'R 1.29 and 1,33(b). 

** WHERE MAINTENANCE FEE PAYMENTS ARE TO BE MADE 8Y AUTHORJZATJON TO CHARGE A DEPOSIT ACCOUNl, B01'H WE 
NAME ANO SIGNATURE OF AN AUTHORIZED USER ARE REQUIRED. 

Thi$ colh:di~n af inf<mnz,\ion is required by 37 Cl'R 1.366. The information IS required to obtain or retal11 a benefit by the public which Is to file (and by the USPTOto 
process) an application, Confidenti31itv is gover"ed bv 35 U.S,C. HZ ;rid 37 CFR.1.11, 1.14 ;,n;:141.6. This collection i, cstirnoted to teke S minute! ta complete, 
lncludlni: i:atherlnE, prepar1n11, and svbmltt1ng the completed application f-orrn to the USPl'O. Ylme wlll v;ry deP<1nding 1,1p,;n t~~ iridividv;l =e. Any cort>ments on 
the amount oftlme you require to complete this form and/or sueeenlon.s for reducing this b~rden, should bl! sent to the Chief lriform.,tion Officer, U.S. ~.tent ;,nd 
Trodemarlc Office, U.S. Department af Commetee, P.O. Bo~ 1450, Alexandtla, VA 2.2313-1450. DO Ncrr SEND FEES OR COMPLETED FORMS TO TI-US ADDRESS. S"END 
TO: DirRctor of the Unit<>d Stat,,,s ht<,nt •nd Tradcmork Offia,, Attn: Maintenance Fc:e, 2051 Jamies()n Avenue, Suite 300, Alexandria, VA 22314, 

If yov neerJ ossi5t:rmci!1 in completfna tloe form, c,:,1/ :J.•8()(),PT0-9:199 and •~r,t:t aption 2. 

PAC.I: 2/2 • RCVD AT 1/5/2017 8:22:18 AM [!:astern standard Time]• SVR:W.f>TOFAX-001/20 • DNIS:2736500 •CSU):• DURATION (mm-ss):00•37 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

~forPo..fe,.,,,vfy 

Ur,w/w.,Sfr;,.,f-e.,yPOvfe,wf-eu,i..d.,Tr-~lvO!fi,u, 

P.O. Bo-,,., ;1.4so 

KONOMI TAKESHITA 
EIGHT PENN CENTER, SUITE 1300, 
1628 JOHN F. KENNEDY BLVD. 
PHILADELPHIA PA 19103 

In re Patent No. 6,812,737 
Issue Date: November 02, 2004 
Application No. 10/183,590 
Filed: June 28, 2002 
Attorney Docket No. Y16YL039 

I ~rn,, ~-~ 
JUN 21 ?~~~ 

OFFICE OF PETITIONS 

DECISION ON PETITION 

www.uspto.gov 

This is a decision on the petition under 37 CFR l.378(b), filed December 07, 2016, to accept the 
unintentionally delayed payment of a maintenance fee for the above-identified patent. 

The petition is GRANTED. 

This patent expired on November 02, 2016 for failure to pay the eleven and one-half year 
maintenance fee. · 

The maintenance fee is hereby accepted and the above-identified patent is reinstated as of the 
mail date of this decision. 

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-
4231. 

/Michelle R. Eason/ 
Michelle R. Eason 
Paralegal Specialist 
Office of Petitions 
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ELECTRONIC PAYMENT RECEIPT 

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET# 
10/1831590 04/22/2021 03:15:26 PM ET Y16YL039 

Title of Invention 

PROGRA[Vitv1ABLE LOGIC C!RCUff DEVICE HAVING LOO}< UP TABLE ENABUNG TO REDUCE 
IMPLEMEhlTATiON AREA 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
un1jer 35 USC 111 (a) 

CONFIRMATION# H4G9 

PATENT CENTER# 6013·; ;3;?.8 

CUSTOMER# 87046 

CORRESPONDENCE -
ADDRESS 

Payment Information 

PAYMENT METHOD 
CA.RD! 1007 

PAYMENT TRANSACTION ID 
E20214LF15560409 

PATENT# 6812737 

FILED BY Joshua Slavi!t 

AUTHORIZED BY -

FILING DATE 06/28/2002 

FIRST NAMED Tosl1inori Sueyoshi 
INVENTOR 

PAYMENTAUTHOR~EDBY 
Joshua Slavm 

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOT AL($) 

CEFnlFICATE OF 

CORRECTION 

160.00 

TOTAL 
AMOUNT: 

160.00 

This Acknowledgement H,::eeip! evioences rnce,pt on the noted dat;:i by the USPTO of H1<:, ,ridica.ted documents, characterized 

by tr1e applicant, and including page counts, 1,vhere appiicabie. It serves as evidence of receipt similar to a Post Card, as 

descr:bed in MPE:P 503. 

New Applicat!ons Under 35 lHU:. 11 "! 

I! a new application is being filed and the application includes the necessary components lor liiing date (see 37 CFR 153(b)-(d) 

and MF-'E:P 506), a Filing Receipt (37 CFR i .54) wil: be issued in due course and tr1e date sr1own on this Acknowledgement 
Receipt vvill estab!isil t:1e filing date of tl1e application 



Page 2 of 2 

Nafa:ma! Stage of an !ntemationa! A.ppHcation under 35 LLS,C:, 371 

If a time\' submission !o enter the nationai stage of an international applica.!,on is compliant wi!I, the conditions of 35 U .S.C. 

37"1 and other applicable requiren1ents a Forn1 PCT/DO/EO/903 indicat!ng acceptance of the application as a national stage 

subm,ss,on under 35 US.C. 371 will be issued in Hddition !o the F::ing Receipt, in due course. 

New International AppUcaUon fi!ed wm1 the USPTO as a Receiving Off!ce 

If a new intemationai app!ication is being fileci and tl1e internationa! application includes tile necessa.ty components for an 

intemational fiiing date (see PCT .Article 1 i and MPEP 1810)- a ~JoWication of !he ln!erncrtional ApplicHtion Number and of !he 

International r::iling Da!,,, (Form F-CT/HO!"I 05) will b,,, ,ssu::id in due c:ours,,,, subject to pr,,,sc:,·iptions concerning national secur,ty, 

and the date shown on this .Ad,nowledoernent Receipt 1Nill establish the internationa! filing date of the application. 



PTO/SB/44 {09-07} 
Approved for use through 03i31i2023. 0MB 0651-0033 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act ol 1995, no persons are required to respond to a coilection of information un!ess it displays a valid 0MB controi number. 

(Also Form PTO-1050• 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

· 6,812,737 

APPLICATION NO.: 10/183,590 

ISSUE DATE 

INVENTOR(S} 

November 2, 2004 

: Tost1inori Sueyoshi and Masat1iro Iida 

Page _1_ of _1_ 

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent 
is hereby corrected as shown below: 

On Hie title page, item (75) Inventors: "Tost1inori Sueyoshi, Kumamoto (JP); Masahiro Iida, Fujisawa (JP)" 
st1ould be deleted and replaced witt1 --Masahiro Iida, Fujisawa (JP)--. 

MAILING ADDRESS OF SENDER (Please c!o not use Customer Number below): 
Joshua R. Slavitt (Reg. No. 40,816) 
535 Hamilton Road 
Merion Station, PA 19066 

This collection of inforn1ation is required by 37 CFR 1.322, 1.:32:3, and 1.324. Ti1e information is required to obtain or retain a benefit by the public wllict1 is to file 
(and by tile USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 14_ Tllis collection is estimated to take 1.0 t1our to 
o:implete, inc!uding gathering, preparing, and submitting the completed appiication form to the USPTO. Time will vary depending upon the individual case. Any 
comments on tile amount of lime you require lo complete this form and/or suggestions for reducing lllis burden. should be sent lo tt1e Ct1ief information Officer, 
U"S. Patent and Trademark Office, U.S. Department ol Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing the form, call 1-800-.PTO--9199 and select option 2. 



UNTIED ST .. i\TES PA TENT AND TRADEl\lA.RK OFFICE 

U.S. Patent No.; 6,812.737 

i\ppiication No,: 10/l83,59D 

Issue Date: Noven1her .:l~ 2004 

Toshinori Sueyoshi and \-hisahiro !kb. 

·, 

inventor so th,it ! ;;H11 !lsttd as the sok invent.or. 

assignment:,; recorded 1vith the tT.S. Paknt and Trtdema.rk Orne('. m Rtx,i 13050, Fram;;;s 486-· 

,.; 

< .. , .. -· A-·<>f~:::~: 



UNITED STA TES PATENT AND TRAD.El\IARK OFFICE 

U.S. Patent No.: 6)sl2,737 

A .. pplication No.: 10/183.590 

J;;~ue Date: Nove1nber 4. 2004 

hwentors: T oshinori Sueyoshi and l'vfasahiro Eda 

STATEl\lENT SUBI\UTTED \VITH CERTlFICATE OF CORRECTION 

I, Toshinori Sueyoshi, hereby state as follows: 

1. I \:Vas erroneously listed as a co-invent•t' for the abovc-referenct~d patent. 

2. I agree that inventorship ~hould be changed to delete my naroe a:s a co-inventor so 

that \fasahiro Iida is listed as the so.le in venlor. 

Toshmori Sueyoshi 
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ELECTRONIC ACKNOWLEDGEMENT RECEIPT 

APPLICATION # RECEIPT DATE/ TIME ATTORNEY DOCKET# 
10/183,590 04/22/2021 03:15:26 PM ET Y16YL039 

Title of Invention 

PROGRAMMABLE LOGIC CIRCUIT DEVICE HAVING LOOK UP TABLE ENABLING TO REDUCE 
IMPLEMENTATION AREA 

Application Information 

APPLICATION TYPE Utility - Nonprovisional Application 
under 35 USC 111 (a) 

PATENT# 6812737 

CONFIRMATION# 9469 

PATENT CENTER# 60181328 

CUSTOMER# 87046 

CORRESPONDENCE -
ADDRESS 

Documents 

DOCUMENT 

!nventmCmrection Petition, pdf 

StatementsforCorrectionof!nv 

entorship.pdf 

Transmitta!Lelter.pdf 

Digest 

FILED BY Joshua Slavitt 

FILING DATE 06/28/2002 

FIRST NAMED Toshinori Sueyoshi 
INVENTOR 

AUTHORIZED BY -

TOTAL DOCUMENTS: 4 

PAGES DESCRIPTION 

2 Request ror Certificate of 

Correction 

2 

2 

Hequest for Certificate ot 

Correction 

Oath or Declaration med 

Miscellaneous !ncoming Letter 

S!ZE (KB) 

99 KB 

120 KB 

1363 KB 

i OEi KB 



DOCUMENT 

lnventorCorrection Petition. pdf 

sb44.pdf 

StatementsforCorrectionot!nven 

torn!1ip.pdf 

Transmitta!Lelter.pdf 

Page 2 of 2 

08O1315AED2E81AE0B77D9950A7B24678BFAC157O8F646D52 
7574DDA7872528DE5ED3BC018976CBBB534B2A28ADBA5FB9 
920559A9DE2DBCD8F0739E72E479AEF 

87F45CF754DAF129837EA39EO960OCA4AA784F320343BABF5 
4DB698A4E038E7C39A72CFD6BB3EEBEBF0A8804AEBCA47C 
A7244C3BO79B031B10A131C207E2E41C 

49CC~~54CCADB201 0E1 FB7E884395400EB7F4316202AD9018O 
0FD7B01F3D5542E7C3C06A5A5B64319C3BEE3C752O50002DF 
20E89279i 1 FC93BDC08A0A5DCECEOF 

391EAC289191594237EB7F3CB12152121995836O49O40F2364 
5E481145E7EFB12DFBBD5C632EB028AO0D6C1EA4771CB5DF 
i BFBi DDBEBAF64EjD8195D4CDE91986 

This Acknovvledgement Receipt eviciences receipt on t:1e noted Cate by t:1e USPTO of tl1e indicated cocuments, chai-actetizec 

by the applicant, and including page counts. where app!icab!e. It serves as evidence of receipt similar to a Post Card. as 

described in MF'EP 503. 

New App!il::atk:,ns Under 35 U.S.C. 1 ~ 1 

If a new application is beino filed and the application includes the necessary components for fi!ing date (see 37 CFR 1.53(b)-(d) 

and MPU-' 506), a Hlk1g F."(eceipt (37 CFH 1 .54) wili b::i issued in due cours::i and the ca.te shown on this Acknowledqement 

Receipt will estabiish the filing date of the application 

Nafa:ma! Stage of an !ntematil:ma! A.ppHcatil:m under 35 llS,C:, 371 

If a time\' submission !o enter the nationai stage of an international applica.!,on is compliant wi!I, the conditions of 35 U .S.C. 

37'1 and other applicable requiretnents a Forni PCT/DO/E0/903 indicatino acceptance of the application as a national stage 

subm,ss,on under 35 US.C. 371 will be issued in Hddition !o the F::ing Receipt, in due course. 

New International AppUcaUon fi!ed wm1 the USPTO as a Receiving Off!ce 

If a new intemationai app!ication is being fileci anc tl1e internationa! application includes tile necessa.ty components for an 

intemational ming date (see PCT .Article 1 i and MPEP i 810)- a ~JoWication of !he lnterncrtional ApplicHtion Number and of !he 

International r::iling Da!,,, (Form F-CTiHO!'I 05) will b,,, ,ssu;:io in due coms,,,, subject to pr,,,sc,·i0tions concerning national secur,ty, 

and the date shown on this .Aclqmwledoernent Receipt 1Nill establish the internationa! filing date of the application. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent of: Sueyoshi, et al. § 
§ 

PatentNo.: 6,812,737 § 
§ 

Application No.: 10/183,590 § 
§ 

Issued: November 2, 2004 § 
§ 

For: PROGRAMMABLE LOGIC CIRCUIT § 
DEVICE HAVING LOOK UP TABLE § 
ENABLING TO REDUCE § 
IMPLEMENTATION AREA § 

PETITION TO CORRECT INVENTORSHIP (37 C.F.R. §1.324(a)) 

Commissioner for Patents 
Office of Data Management Attention: Certificates of Correction Branch 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 3 7 C .F .R. § 1. 3 24( a), the named co-inventors and the current assignee 

respectfully request that U.S. Patent No. 6,812,737 be corrected as follows: 

On the title page, item (75) Inventors: "Toshinori Sueyoshi, Kumamoto (JP); Masahiro Iida, 

Fujisawa (JP)" should be deleted and replaced with --Masahiro Iida, Kumamoto (JP)--. 

REMARKS 

This Request to Correct Inventorship is filed in order to correct the inventorship of the 

U.S. Patent No. 6,812,737 pursuant to the provisions of 37 C.F.R. § l.324(a) and MPEP § 

1481.02. 



U.S. Patent No. 6,812,737 erroneously sets forth inventorship. The correct inventorship 

of this patent should be Masahiro Iida as the sole inventor. Accordingly, Toshinori Sueyoshi 

should be deleted as an inventor. 

As indicated in the accompanying statements, both listed co-inventors agree to the 

foregoing change. 

Further, Masahiro Iida is presently the sole assignee of the patent, as evidenced by the 

assignments recorded with the U.S. Patent and Trademark Office at Reel 13050, Frames 486-

487, and at Reel 33904, Frames 739-740, and his statement constitutes consent of the assignee to 

the change in inventorshi p. 

The processing fee set forth in 37 C.F.R. § l.20(b) is submitted herewith. 

Accordingly, issuance of a Certificate of Correction in U.S. Letters Patent No. 6,812,737 

to reflect the correct inventorship is respectfully requested. 

Date: April 22, 2021 

Slavitt IP Law, LLC 
535 Hamilton Road 
Merion Station, PA 19066 
Telephone: (215) 880-2569 

Respectfully submitted, 

Slavitt IP Law, LLC 

/Joshua R. Slavitt/ 
Joshua R. Slavitt 
Reg. No. 40816 



Joshua R. Slavitt 

Commissioner for Patents 

SLAVITT IP LAW 
INTELLECTUAL PROPERTY LAW 

535 HAMILTON ROAD 

MERION STATION, PA 19066 
(215} 880-2569 
WWW.SLAVITTIPLAW.COM 

April22,2021 

Office of Data Management Attention: Certificates of Correction Branch 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 37 C.F.R. §1.324(a), the named co-inventors and the current assignee 

respectfully request that U.S. Patent No. 6,812,737 be corrected as follows: 

On the title page, item (75) Inventors: "Toshinori Sueyoshi, Kumamoto (JP); Masahiro Iida, 

Fujisawa (JP)" should be deleted and replaced with --Masahiro Iida, Kumamoto (JP)--. 

U.S. Patent No. 6,812,737 erroneously sets forth inventorship. The correct inventorship 

of this patent should be Masahiro Iida as the sole inventor. Accordingly, Toshinori Sueyoshi 

should be deleted as an inventor. As indicated in the accompanying statements, both listed co­

inventors agree to the foregoing change. Further, Masahiro Iida is presently the sole assignee of 

the patent, as evidenced by the assignments recorded with the U.S. Patent and Trademark Office 



at Reel 13050, Frames 486-487, and at Reel 33904, Frames 739-740, and his statement 

constitutes consent of the assignee to the change in inventorship. 

The processing fee set forth in 37 C.F.R. § l.20(b) is submitted herewith. 

Accordingly, issuance of a Certificate of Correction in U.S. Letters Patent No. 6,812,737 

to reflect the correct inventorship is respectfully requested. 

Date: April 22, 2021 

Respectfully submitted, 

Slavitt IP Law, LLC 

/Joshua R. Slavitt/ 
Joshua R. Slavitt 
Reg. No. 40816 



APPLICATION NO. FILING DATE 

10/183,590 06/28/2002 

87046 7590 05/19/2022 

Keisen Associates 
Eight Penn Center, Suite 1100 
1628 John F. Kennedy Blvd. 
Philadelphia, PA 19103 

FIRST NAMED INVENTOR 

Toshinori Sueyoshi 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

Y16YL039 

CONFIRMATION NO. 

9469 

EXAMINER 

TRAN.ANHQ 

ART UNIT PAPER NUMBER 

2819 

MAIL DATE DELIVERY MODE 

05/19/2022 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

Patent No.: 
Issue Date: 
Appl. No.: 
Filed: 

6812737 
11/02/2004 
10/183,590 
06/28/2002 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www .uspto.gov 

PART (A) RESPONSE FOR CERTIFICATES OF CORRECTION 

This is a decision on the Certificate of Correction request filed 22 April 2022. 

The request for issuance of Certificate of Correction for the above-identified correction(s) under the 
provisions of 37 CFR 1.322 and/or 1.323 is hereby: 

(Check one) 

~ Approved D Approved in Part D Denied 

Comments: 

PART (B) PETITION UNDER 37 CFR 1.324 OR 37 CFR 1.48 

D This is a decision on the petition filed __ to correct inventorship under 37 CFR 1.324. 

D This is a decision on the request under 37 CFR 1 .48, petition filed . In view of the fact 
that the patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to 
correct inventorship under 37 CFR 1.324. 

The petition is hereby: D Granted D Dismissed 

Comment: 

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate 
naming only the actual inventor or inventors. 

/ALEXANDER H TANINGCO/ 
Supervisory Patent Examiner, Art Unit 2844 
Technology Center 2800 
Phone: (571)272-8048 

Certificates of Correction Branch email: CustomerServiceCoC@uspto.gov CoC Central Phone Number: (703) 756-1814 



PATENT NO. 
APPLICATION NO. 
DATED 
INVENTOR(S) 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

: 6,812,737 B2 
: 10/183590 
: November 2, 2004 
: Masahiro Iida 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

On the Title Page 

Item (12) delete "Sueyoshi, et al." and insert --Masahiro Iida--. 

Item (75) Inventors: "Toshinori Sueyoshi, Kumamoto (JP); Masahiro Iida, Fujisawa (JP)" 
should be deleted and replaced with --Masahiro Iida, Fujisawa (JP)--. 

Signed and Sealed this 
Fourteenth Day of June, 2022 

Katherine Kelly Vidal 
Director of the United States Patent and Trademark Office 
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