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 �-1 �����������	������������� 4.2

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=1 G=20 G=40 G=60 G=80 G=100

0.01 113.619 113.9888 113.9989 114.0022 114.0039 114.0049

0.1 113.6185 113.9887 113.9989 114.0022 114.0039 114.0049

1 113.6178 113.9888 113.9988 114.0023 114.0039 114.0049

10 113.6017 113.9887 113.9988 114.0022 114.0039 114.0049

100 112.2336 113.9819 113.9963 114.0007 114.0028 114.004

1000 97.75891 113.347 113.7527 113.8499 113.8906 113.9123

10000 77.87191 101.7033 105.6529 107.4041 108.388 109.0142

100000 57.87025 81.96272 86.33077 88.46312 89.76344 90.64814
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 �-2 �����������	������������� 4.3

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 110.7074 86.39145 66.06559 46.11067 32.46573 26.84883

0.1 110.7074 86.39147 66.06559 46.11067 32.46573 26.84883

1 110.7071 86.39149 66.0656 46.11067 32.46573 26.84883

10 110.699 86.39142 66.06559 46.11067 32.46573 26.84883

100 109.9443 86.38837 66.06557 46.11067 32.46573 26.84883

1000 97.6522 86.09287 66.0627 46.11063 32.46572 26.84883

10000 77.87033 77.29738 65.78529 46.10747 32.46554 26.84877

100000 57.86977 57.85945 57.2169 45.80168 32.44729 26.84251
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 �-3 �����������	������������� 4.4

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=3 G=20 G=40 G=60 G=80 G=100

0.01 115.5636 132.4639 138.2733 141.7224 144.1836 146.0985

0.1 115.5636 132.4639 138.2733 141.7224 144.1836 146.0985

1 115.5636 132.4639 138.2734 141.7224 144.1836 146.0985

10 115.5636 132.4639 138.2734 141.7224 144.1836 146.0985

100 115.5636 132.4639 138.2733 141.7222 144.1833 146.098

1000 115.5635 132.4614 138.2643 141.7029 144.1498 146.0463

10000 115.5544 132.2198 137.4549 140.1112 141.6721 142.657

100000 114.735 124.1896 124.9448 125.1479 125.2365 125.285

������	
 �-4 �����������	������������� 4.5

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=3 G=20 G=40 G=60 G=80 G=100

0.01 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

0.1 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

1 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

10 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

100 115.5638 132.465 138.2754 141.7255 144.1877 146.1035

1000 115.5638 132.4648 138.2746 141.7237 144.1846 146.0987

10000 115.5635 132.4442 138.1958 141.5506 143.8835 145.639

100000 115.5273 130.76 133.7258 134.6415 135.0194 135.2071
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 �-5 �����������	������������� 4.6

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 115.5637 115.5641 115.5667 115.5926 115.7072 115.8483

0.1 115.5637 115.564 115.5666 115.5926 115.7072 115.8482

1 115.5638 115.564 115.5667 115.5926 115.7072 115.8483

10 115.5638 115.564 115.5666 115.5926 115.7072 115.8483

100 115.5638 115.564 115.5666 115.5926 115.7072 115.8483

1000 115.5637 115.564 115.5666 115.5926 115.707 115.848

10000 115.5593 115.5595 115.562 115.5865 115.6923 115.8169

100000 115.1416 115.1407 115.1312 115.0287 114.4344 113.4987
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 �-6 �����������	������������� 4.7

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

0.1 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

1 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

10 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

100 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

1000 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

10000 115.5635 115.5638 115.5664 115.5924 115.7073 115.8488

100000 115.5273 115.5276 115.5302 115.556 115.6698 115.81
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CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 112.5644 95.23743 75.56134 55.64574 41.89615 36.15146

0.1 112.5646 95.23745 75.56134 55.64574 41.89615 36.15146

1 112.5644 95.23748 75.56134 55.64574 41.89615 36.15146

10 112.5629 95.23738 75.56133 55.64574 41.89615 36.15146

100 112.4253 95.23481 75.56131 55.64574 41.89615 36.15146

1000 106.2782 94.98366 75.55849 55.64567 41.8961 36.15141

10000 87.42512 86.77228 75.28512 55.63849 41.89154 36.14691

100000 67.04499 67.03989 66.438 54.95858 41.46184 35.72369
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 �-8 �����������	������������� 4.9

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 112.5645 95.23749 75.56141 55.64582 41.89622 36.15153

0.1 112.5646 95.23751 75.56141 55.64582 41.89622 36.15153

1 112.5645 95.2375 75.56141 55.64582 41.89622 36.15153

10 112.5631 95.23748 75.56141 55.64582 41.89622 36.15153

100 112.4255 95.23489 75.56138 55.64582 41.89622 36.15153

1000 106.2798 94.98398 75.55862 55.64579 41.89622 36.15153

10000 87.43098 86.77917 75.29041 55.64281 41.89578 36.15116

100000 67.4102 67.40628 66.81711 55.35304 41.85218 36.11403
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 �-9 �����������	������������� 4.10

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 112.6789 95.35202 75.67598 55.76022 42.00989 36.26434

0.1 112.6788 95.35204 75.67598 55.76022 42.00989 36.26434

1 112.679 95.35205 75.67598 55.76022 42.00989 36.26434

10 112.6775 95.35203 75.67598 55.76022 42.00989 36.26434

100 112.5397 95.34945 75.67595 55.76021 42.00989 36.26434

1000 106.3875 95.0979 75.67312 55.76014 42.00985 36.2643

10000 87.53262 86.88065 75.39912 55.75282 42.00516 36.25968

100000 67.14258 67.13738 66.53529 55.06057 41.56401 35.82511
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 �-10 �����������	������������� 4.11

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 112.6789 95.35202 75.67598 55.76022 42.00989 36.26434

0.1 112.6788 95.35204 75.67598 55.76022 42.00989 36.26434

1 112.679 95.35205 75.67598 55.76022 42.00989 36.26434

10 112.6775 95.35203 75.67598 55.76022 42.00989 36.26434

100 112.5397 95.34945 75.67595 55.76021 42.00989 36.26434

1000 106.3875 95.0979 75.67312 55.76014 42.00985 36.2643

10000 87.53262 86.88065 75.39912 55.75282 42.00516 36.25968

100000 67.14258 67.13738 66.53529 55.06057 41.56401 35.82511
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 �-11 �����������	������������� 4.12

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=3 G=20 G=40 G=60 G=80 G=100

0.01 112.5356 129.4359 135.2453 138.6941 141.1554 143.0703

0.1 112.5357 129.4359 135.2452 138.6942 141.1554 143.0706

1 112.5354 129.4359 135.2451 138.6944 141.1554 143.0705

10 112.534 129.4344 135.2438 138.6927 141.154 143.0688

100 112.3965 129.2967 135.1059 138.5548 141.0158 142.9305

1000 106.2507 123.1472 128.9482 132.3855 134.8313 136.7271

10000 87.398 104.0967 109.3391 112.0357 113.6353 114.6533

100000 67.02034 76.71721 77.07814 77.29189 77.38505 77.436
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 �-12 �����������	������������� 4.13

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=3 G=20 G=40 G=60 G=80 G=100

0.01 112.5353 129.4365 135.247 138.6969 141.1591 143.0747

0.1 112.5355 129.4367 135.247 138.6969 141.159 143.0747

1 112.5354 129.4368 135.2471 138.6969 141.1591 143.075

10 112.5342 129.4352 135.2455 138.6956 141.1577 143.0735

100 112.3966 129.2977 135.108 138.5579 141.02 142.9357

1000 106.2509 123.1509 128.9596 132.4077 134.8675 136.7807

10000 87.40208 104.2841 110.0416 113.4068 115.754 117.527

100000 67.38153 82.79235 85.94764 86.95658 87.37994 87.59206
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 �-13 �����������	������������� 4.14

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=2 G=20 G=40 G=60 G=80 G=100

0.01 109.5432 129.9682 135.7875 139.245 141.7141 143.6366

0.1 109.5432 129.9683 135.7875 139.245 141.7141 143.6366

1 109.5432 129.9683 135.7875 139.245 141.7141 143.6365

10 109.5432 129.9683 135.7875 139.245 141.714 143.6365

100 109.5426 129.965 135.7838 139.2408 141.7093 143.6309

1000 109.4802 129.6453 135.432 138.8442 141.2529 143.0998

10000 104.7958 118.4962 124.1249 127.6637 130.1513 131.7365

100000 72.03189 75.94738 89.71562 100.256 109.8856 122.8078

������	
 �-14 �����������	������������� 4.15

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=3 G=20 G=40 G=60 G=80 G=100

0.01 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

0.1 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

1 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

10 115.5638 132.465 138.2754 141.7255 144.1877 146.1036

100 115.5638 132.465 138.2754 141.7255 144.1877 146.1035

1000 115.5638 132.4648 138.2746 141.7237 144.1846 146.0987

10000 115.5635 132.4442 138.1958 141.5506 143.8835 145.639

100000 115.5273 130.76 133.7258 134.6415 135.0194 135.2071
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CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 109.5422 109.5333 109.4447 108.6068 105.6611 103.0439

0.1 109.5422 109.5333 109.4447 108.6068 105.661 103.0438

1 109.5422 109.5333 109.4447 108.6067 105.6595 103.0406

10 109.5422 109.5333 109.4445 108.5946 105.5108 102.7289

100 109.5416 109.5326 109.4294 107.5258 99.10986 93.73894

1000 109.4794 109.4585 108.1349 93.9435 80.18354 74.2753

10000 104.8016 104.4084 93.79981 74.09184 60.19497 54.28033

100000 72.03486 72.03676 70.09996 54.00844 40.14882 34.24244
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 �-16 �����������	������������� 4.17

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

0.1 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

1 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

10 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

100 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

1000 115.5639 115.5641 115.5667 115.5928 115.7077 115.8492

10000 115.5635 115.5638 115.5664 115.5924 115.7073 115.8488

100000 115.5273 115.5276 115.5302 115.556 115.6698 115.81
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 �-17 �����������	������������� 4.18

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R1% R10%

0.01 115.3835 102.9391 84.24165 64.44504 50.75054 45.06026

0.1 115.3836 102.9391 84.24165 64.44504 50.75054 45.06026

1 115.382 102.939 84.24164 64.44504 50.75054 45.06026

10 115.2394 102.9308 84.24155 64.44504 50.75054 45.06026

100 108.9712 102.1843 84.23202 64.44506 50.75054 45.06025

1000 90.08401 89.93255 83.37071 64.44742 50.75035 45.0587

10000 70.03982 70.09606 70.52751 64.68097 50.72702 44.90151

100000 44.79259 44.83058 45.21137 48.18001 36.83278 30.19165
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 �-18 �����������	������������� 4.19

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 105.634 89.08127 69.52022 49.61674 35.86841 30.12407

0.1 105.634 89.08127 69.52022 49.61674 35.86841 30.12407

0.125893 105.6337 89.08125 69.52022 49.61674 35.86841 30.12407

1 105.6339 89.08126 69.52022 49.61674 35.86841 30.12407

10 105.6319 89.08122 69.52022 49.61674 35.86841 30.12407

100 105.4383 89.07684 69.52017 49.61674 35.86841 30.12407

1000 98.14667 88.66036 69.51539 49.61669 35.8684 30.12407

10000 78.99008 78.59783 69.06209 49.61218 35.86809 30.12384

100000 58.96675 58.96797 58.65309 49.1796 35.83695 30.1012
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 �-19 �����������	������������� 4.20

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 106.9283 100.1443 83.99855 64.55898 50.89673 45.20967

0.1 106.9282 100.1443 83.99855 64.55898 50.89673 45.20967

0.794328 106.9247 100.1436 83.99853 64.55897 50.89673 45.20967

1 106.9226 100.1432 83.99852 64.55897 50.89673 45.20967

10 106.3949 100.0272 83.99574 64.55895 50.89673 45.20967

100 95.44628 94.42315 83.72593 64.55653 50.89674 45.20969

1000 75.76282 75.76086 75.26006 64.32145 50.89757 45.21201

10000 55.72716 55.73761 55.83774 56.3148 50.97678 45.44745

100000 32.0483 32.05822 32.15767 33.1762 37.06015 33.99945
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 �-20 �����������	������������� 4.21

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
R0.001% R0.01% R0.1% R1% R5% R10%

0.01 106.9881 89.34481 69.62496 49.70486 35.95505 30.21053

0.1 106.9885 89.3448 69.62496 49.70486 35.95505 30.21053

1 106.9879 89.34477 69.62496 49.70486 35.95505 30.21053

10 106.9876 89.34478 69.62496 49.70486 35.95505 30.21053

100 106.9323 89.34383 69.62495 49.70486 35.95505 30.21053

1000 103.3813 89.25086 69.62413 49.70487 35.95505 30.21052

10000 85.83173 84.31066 69.54319 49.7057 35.9552 30.21049

100000 65.66262 65.72128 64.83562 49.78521 35.96979 30.20722
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 �-21 �����������	������������� 4.22

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=2 G=20 G=40 G60 G=80 G=100

0.01 105.322 125.751 131.5677 135.0238 137.4919 139.4139

0.1 105.3219 125.751 131.5674 135.0239 137.4923 139.4142

1 105.322 125.7513 131.5675 135.0238 137.492 139.414

10 105.3196 125.7487 131.5652 135.0213 137.4896 139.4115

100 105.0872 125.516 131.3322 134.7878 137.2554 139.1765

1000 97.15586 117.5719 123.3588 126.7681 129.1726 131.0139

10000 77.85678 97.26823 100.8639 101.6235 101.3556 100.683

100000 56.95129 50.95488 52.6122 54.45556 55.36714 55.89613
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 �-22 �����������	������������� 4.23

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)

CMRR

(dB)
Frequency

(Hz)
G=2 G=20 G=40 G=60 G=80 G=100

0.01 105.3221 125.7463 131.5538 135.0005 137.4596 139.3724

0.1 105.3222 125.746 131.5536 135.0006 137.4599 139.3725

1 105.3221 125.746 131.5536 135.0004 137.4598 139.3724

10 105.3197 125.7436 131.5511 134.9981 137.4572 139.3699

100 105.0873 125.5112 131.3186 134.7655 137.2245 139.1372

1000 97.15622 117.5789 123.3847 126.8295 129.2861 131.1959

10000 77.86702 98.26608 104.0071 107.3476 109.662 111.3943

100000 57.85079 76.20051 78.11461 77.5904 76.46138 75.21419
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0����;�%01��%&����	��/��������f�)��d� -��	������d�/��&	�0�
������..�+7-'&'c/��/���������������-��������
� 
6�c/cg�&
�4��..�+'��4�)	�f��f��4����1��/(��� 	�0����&&�f--
0�;�%&&�f&��i 5 ��	 �/��f��;�%&&�f&��i 4 ��	f���/������&�
;�%&&�f&��i 1 ��	/cg�&;�%74%&�����)	�����0�4��..�+'��4�)	�
������)��3� �&�0�����0�/c
����	����(
/�&��'4��)&&�������-��	
�%������	-���&����������..�+/cg�&�����
���..�+/&(� 
j��&����&&�f--0�74% &�������������..�+/&(� 46 4�-�
&��������4�&���..�+4�(�  63.31 4�-�   f��&��������0�4
��..�+'��4�)	� 131.2 4�-� (1�������h�d�7���������;�%��-  
/��g�&������%���	;04%	�7889� /��g�&�-���1���g��7889���	;0 /��g�&�
	�4��..�+7889���	;0 k�k
#"���
�  	�0�������..�+, 7-'&'c/��/����, f��4����1��
/(���,&�����)	�����0�4��..�+'��4�)	�,

Abstract
Biopotential measurements are used to medical diagnosis
and treatment therefore precision circuits are required for
signal acquisition system.  This paper presents the
improvement of biopotential amplifier to reduce common-
mode signal and suppress half-cell potential. The proposed

circuit used 5-opamp, 4-opamp in first state and 1-opamp in
second state, provide high common-mode rejection ratio
(CMRR) and an extra capacitor is in series with resistor gain
for AC coupling. In result, the design meet 46 dB for AC gain,
-63.31 dB for DC gain and 131.2 dB for CMRR. The design
will be intended for use in various applications, such as
Holter-type monitors, defibrillators, Electrocardiogram(ECG)
monitors, biotelemetry devices etc.
Keywords:  Amplifier, Biopotential, half-cell potential
common-mode rejection ratio (CMRR),

1. ���"�
���	
�
0e��'��/����	��-'����	;0 f����%��/�g�&  '4�;�%

/ � �g� & � 	� 4��g� ���..�+7889 ��& ��� 	 ;0  f����% �� /�g� &  
(Electrocardiogram  and  Electromyogram)  ����0��%&�;�%	�0�
������..�+7-'&'c/��/����(Biopotential amplifier circuit) ���
���	��h3��%&�f��/���������3����y '4����	7�0�;�%	��4�f��
&����+��������+6�c�3��d�;�%������fc� ;����	
0�����/�g&�	��4�f��
&����+������0d���)������%&����4���	7�  '4����-����	
 ����&&�
f---�cg��z��	�0�����&
����3/��/���� (Instrumentation 
amplifier) /cg�&;�%74%/�{�	�0�������..�+7-'&'c/��/�����d�
;�%���%����;����j�
���d��	)��)&��%�����  f��/�{����c���
����
�|..��&����/�
7�� 01����	��/�{�7�74%�3�;����c�}��
/��'�'���;�/�
�	
������ f��/�
�c�+
���  (1����+���2+����	7�
�&�	�0�������..�+7-'&'c/��/���� ����74%4����� [1]
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




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


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CsR
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12
−−+















+
=

−+−=

� &����������������+ 200-1,000 /�)� (46 � 60  dB)
� �&-��&��	��h�� ;��)	�  0.05 h1�  500 /��
�(�
� �9&�������&
����	�&���..�+f��4�����/�g�&�0��

              f��4����1��/(���
� &��������0�4��..�+'��4�)	� (CMRR) ����	)�

              10,000 /�)� ( >  60  dB)
� �	���%�����4%��/�%��3� ( > 5  MΩ)

2. ��
�������
��������
���� [1]
	�0�������..�+7-'&'c/��/����0��d�/��&�����cg��z��

0��	�0�����&
����3/��(1������&-4%	�&&�f&��i 3 ��	f����	
�%����� 7 ��	 4��f�4�;��3���� 1  0��	�0�f��4��/&���c�� �1��&�3)
��-j��)���&���..�+&
�c�������&�  ��-  R1  f�� Rg  (1��
�����h�d��	+74%0���������� (1)

�3���� 1.  	�0�����&
����3/����..�+cg��z��

	�0�����&
����3/��cg��z��0����%&0d���4�g&7�)�����h���
0��4��g&�d�0�4�)	����/�{�f��4��78����������/�%�����-��..�+
&
�c�� f���)�&��������0�4��..�+'��4�)	� ��0�h3�0d���44%	�
�	��h�� (frequency) f����+��-��
�&�&&�f&��i/&�
 2.1   
��������
�������N�
�N�O���P
 [2,4,5]
     0��	�0�����&
����3/��cg��z��74%���-����	�0�/cg�&;�%
�����h�4��g&�d�0�4�)	����/�{�f��4��78���f��/c
���)�&�������
�0�4��..�+'��4�)	� ;�%�3��1�� 4��f�4�;��3���� 2a  '4���	�0�
����-�8/8&�� (buffer amplifiers) /�{��/��f�� f����-��
�
��..�+/&(�4%	���	�%�����f����	/��-���0�  �d����-�/������&�
0�0�4/�{�	�0������	��f���)��(differential amplifiers, AD) 
0d��	� 2 	�0� (1��f�)��	�0�0�������..�+��1����1���&�
��..�+�	��f���)��&
�c��(differential input signal) '4�

��..�+/&���c�����74%/�
40������	���..�+/�%�4%	���������h
�d��	+74%0���������� (2)

/�g�& VA,VB f�� VC,VD �g&��..�+�	��f���)��&
�c��
                AD  �g&&����������..�+ (signal gain)

        �)���������/	��(time constant) �&�	�0�/�)���-
               2(R1)(C)

(a)

(b)

�3���� 2.  	�0�������..�+/��g�&��g&
(a) 	�0�4���/4
�  (b) 	�0�������-����f�%	

�3���  2b. f�4������/&��4�&�	�0�������-����f�%	 
(1������&-4%	��)	����/�{�6��&
�c��f���)	����/�{�6��/&���c�� 
'4�6��&
�c������&-4%	�&&�f&��i0d��	� 4 ��	�g& A1,A2,A3

f�� A4 (1�� A1 f�� A2  /�{���	���������&�	�0�6��&
�c��  
A3,A4 /�{�	�0�����-�8/8&�� (buffer amplifier) &��������/�)�
��- 1 f��4��������&�&
�/	&���
���&� A3,A4  0�/�)���-f��4��
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R1

R2

C

R3

R4

R5

R6

R7

R8

R9

R10

3

2

11

4

1U1A

5

6

11

4

7U1B

10

9

11

4

8
U1C

12

13

11

4

14
U1D

3

2

11

4

1U2A

R11

R12

Vin(+)

Vin(-)

Vout

��� R1,R3 ����)&���f--���� 4������&�����)	��&����f����7��j)�� 
R1 f�� R3 0�74%4���������� (3)

4���������f����7��j)�� R2 �g&j��	��&����f����7��j)��
R1 f��R3 4���������� (4)

A1 f�� A2 /�{���	�����	��f���)����..�+&
�c��/&(� 
(AC signal  input) �)	����/�{�7889����f���� (DC component) 
0�h3��d�0�4�
��4%	�  C

6��/&���c���&�	�0��g&	�0������	��f���)�������&����
�������/�)���- 1 (unity gain) '4�����..�+&
�c�� 4 &
�c�� 
0���������� (2) �����h��&������������	��f���)�� 
(differential gain, AD ) 74%4���������� (5)

h%�;�%&��������f��4��'��4�)	�(common mode voltage 
gain) f��&��������f��4���	��f���)��(differential mode 
voltage gain) /�)���- 1 �����h�d��	+�� CMRR �%&������4�&
�	�0�74%0���������� (6)

/�g�&  δ   �g&�)�j
4c��4����&���-74%�&� R4  (�
4/�{� %)  
A(D1-4) �g&&���������	��f���)���&� A1 h1� A4  A(CM1-4) �g&
&��������'��4�)	��&� A1 h1� A4  AD5 �g&&���������	��f��
�)���&� A5  ACM5 �g&&��������'��4�)	��&�  A5

h%��d���4;�% AD = 1000 ,  δ = 1 %  0���������� (6) 0�
74%�)� CMRR �%&������4/�)���-  91.5 dB (�
4���&&�f&��i&�4���
)

c����
/�&������d���.�g& f��4��&
�c��&&8/(�� �&�
&&�f&��i '4�/ec���&� A3, A4  (1��0���j��)&/&���c���&�	�0�  
�)	�f��4��&
�c��&&8/(���&� A1,A2 ����7�)�d�;�%/�
4�)�j
4c��4
(error) �&�	�0� /c���	)���..�+&
�c��0����)	�����&-���/�{�
7889����f����(DC component) ����/�%���4%	� f��h3��d�0�4
�
��7�'4� C (capacitor) �)�j
4c��4�3���4�&�f��4��/&���c�� 
���/�
4�1��0��f��4��&&8/(���&�&&�f&��i���)�4���������� (7)

3.  U������������
	�0�������..�+���;�%0�
�4��f�4�;��3���� 3 '4�;�%

&&�f&��i/-&�� TL084 ��g&/-&���������+��-��
/��g&���� '4�;�% 
C = 1 uF, R1 = R2 = 1.6 MΩ, R3 = R6 = 200 kΩ, R4 =  R5 = 
1 kΩ, R7 h1� R12 = 100 kΩ   ����/8&��8|�������&�	�0�
�d��	+74%0���������� (8) f��������&-��&��)&�	��h���)�� y 
4��f�4�;��3���� 4

�3���� 3.  	�0����;�%�4�&�

�3���� 4  j�����4�&�
(a) &�������������-�	��h��  (b)  ���/������f���/8���-

b

a.
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)((dB)

C
A

D
A

CMRR 9log20=

�	��h��
3.1 ������
��������
��
��������� 
� (Common Mode
Rejection Ratio, CMRR) [1,5]

'4���74%0���������� (9)

        /�g�& AD  �g&&�����������f-- Differential  Mode
              AC  �g&&�����������f-- Common Mode

f��f�4�j�;��������� 1

��������  1   j�����4�&�&�����������f-- Differential and
Common Mode

Gain (/�)�)
Freq.

AD AC

CMRR
(dB)

50Hz 200 5.5x10-5 131.2
100Hz 200 5.5x10-5 131.2
1kHz 200 5.44x10-5 131.3
20kHz 129.3 6.6x10-5 125.8
30kHz 97.1 8.07x10-5 121.6

3.2 ������
�����������
��������
���� (DC gain)
[3,5]

��+��-��
����d���.&��&����1���&�	�0�����&
����3/�� �g&
�	�������h;�����d�0�4��..�+�)	����/�{�f��4�����f�������
/�
40��0�4���	�4���	)��&
/���'��4��-j
	�����&��� (1��f��4�����
h%������0��d�;�%	�0�����&
����3/��&
����	[4] /�{�j�;�%���	�4
j
4c��4 '4��d�����4�&-f��f�4�j�;��������� 2

��������  2.   j�����4�&�&����������� AC f�� DC
AC signal DC signal GainAC GainDC

Vin Vout Vin Vout (dB) (dB)
1mV 200mV 10mV 6.6uV 46 -63.61
1mV 200mV 20mV 76.7uV 46 -48.32
1mV 200mV 50mV 284uV 46 -44.91
1mV 200mV 100mV 637uV 46 -43.92
1mV 200mV 150mV 987.2uV 46 -43.64
1mV 200mV 300mV 2mV 46 -43.52
1mV 200mV 600mV 4.2mV 46 -43.09
1mV 200mV 1000mV 6.9mV 46 -43.22
1mV 200mV 1500mV 10.5mV 46 -43.09
1mV 200mV 2000mV 14.1mV 46 -43.03

4. ��ON
-��	�����74%�d�/��&	�0�������..�+7-'&'c/��/(���

���;�%&&�f&��i0d��	� 5 ��	 f������(
/�&�� ����)&&�������	�%��
������-�)�&�������� ����&-��&�4%��&�����������f��/8�
74%4�  ����	��h������f�) 0.05 Hz h1� 16 kHz (�3���� 3) (1���d�;�%	�0�
��&����������..�+'��4�)	� (CMRR) �3�h1� 131.2  dB f��
&��������4�&���..�+4�(�  43.03 dB  (1��	�0�����7-'&'c
/��/(���cg��z��7�)�����h�d�74% 0��j�����4�&-���74%	�0�
/�������0��d�7��)&;�%�����- /��g�&�	�4��..�+7889����4/��� y 
/�)� /��g�&������%���	;04%	�7889� /��g�&�-���1���g��7889���	;0
/��g�&�	�4��..�+7889���	;0 /�{��%�
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