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Analysis of sigma-delta ADC in digital power metering applications
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Abstract: The design of the power metering system is described. Both theoretical analysis and
simulations are made to examine the influence of the sigma-delta Analog to Digital Converter(ADC) on this
system. It points out that the reference voltage in sigma-delta ADC is a key factor in power metering
system. As an offset of x% in sigma-delta ADC, reference voltage results in a 2x% bias in power
measurement and x% in RMS(Root Mean Square) measurement. In addition, the resolution of sigma-delta
ADC also affects the performance of the system. This is especially true in current RMS calculation channel
because this channel adopts the current input, whose SQNR(Signal-to-Quantization-Noise Ratio) is low
when the current is small.
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Fig.1 Diagram of digital power metering system Fig.2 Diagram of energy metering IC
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Fig.3 Active energy and RMS calculation of the chip
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Tablel System calibration(RMS) Table2 System calibration(power)
signal value RMS ideal RMS real gain error signal value ideal power actual power gain error
voltage 08V 0.565 7 0.5656 1.000 2 voltage 0.8V
current 0.8A 0.565 7 0.565 6 10002 current 0.8A 0320 0w 03198 W 10004

e 1 AR 2 PR GRIE AR, KIHIRZEH N 0, NEIE sigma-delta ADC Fi H i {5 X A 2y B E A 2% (i
TR, 752 RECRR R . R E X R G705 BT .

PTEAB: 1) V.= 5V B, KBai@EErfmAh 0.0005A Z4284E 08 A, AR G)GHHAIHEAES
AR IR, HER(TD)~@) o 2) Ver=5.01 V B, 45 B 538 18 1055 A H 0.000 5 A % 425465] 0.8 A,
AR OFEITHEHESHBEITEMIRE, HFS5RD~@)MF o 3) Vier=4.99V B, H 378 38 05 A
0.000 5 A Z A4 E] 0.8 A, AKX (OGS ITATHEEESARMEIIFENRZE, H5X@)~KXE)F .

K 4 FE 5 SRR A IR ARETESERmARNKCRE . mETA, MR, FIR
A RE IR b A A, HE&ME R, WEARXWOMARGWER . I THHITEHIRE, 205 AP
BT B, BR1F£3, £4, K5

10° 10°
s < . .
10 3 10
z 2
= £
E -
£ 5
§ 107 £ 107
o o
H k)
o 5 E s
107} d 10°
Vier=5.00 V A —— Vee=5.00 V
T V=499 V i 7 Vie=4.99 V
T V=501V | oL ‘ ‘ AV =5.01 V
107 10° 10° 10" 10° 10* 10° 10? 10" 10°
current input/A current input/A
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R 3 V=S VEF, AIHAEGRZE . ARUARZE SR AN X R F4V,=4.99 VEF, AIHAERE ., ARERE SHREAN R
Table3 Energy error & RMS error versus current input when V,.ris 5 V Table4 Energy error & RMS error versus current input when V.t is 4.99 V
. error of energy error of RMS . error of energy error of RMS

current ipuVA . leulation/% _calculation/% SNDR/dB current inpul/A o lculation/% calculation/% SNDR/dB
0.000 5 -0.398 0 -0.313 4 28.5 0.000 5 0.3989 0.4419 28.5
0.000 8 -0.402 5 -0.276 4 322 0.000 8 0.3958 0.2930 32.6
0.001 6 -0.398 6 -0.261 3 37.9 0.001 6 0.404 4 0.257 5 37.9
0.003 2 -0.396 7 -0.226 3 433 0.003 2 0.401 3 0.2376 43.4
0.006 4 -0.399 9 -0.2133 47.5 0.006 4 0.400 1 0.2153 47.2
0.012 8 -0.397 8 -0.204 5 55.9 0.012 8 0.401 7 0.206 2 55.9
0.0256 -0.399 3 -0.203 7 62.6 0.025 6 0.401 2 0.2029 63.1
0.0512 -0.398 6 -0.200 6 69.4 0.0512 0.401 6 0.202 2 69.8
0.102 4 -0.398 8 -0.200 3 75.5 0.102 4 0.401 1 0.201 4 76.4
0.204 8 -0.398 7 -0.200 0 82.1 0.204 8 0.401 1 0.200 7 81.7
0.409 6 -0.398 7 -0.199 8 87.7 0.409 6 0.401 2 0.200 6 88.0
0.800 0 -0.398 7 -0.199 6 91.7 0.800 0 0.401 2 0.200 5 91.9

£ 5Ve=5.01 VEF, AIIHAERZE . ARIERZE SHIEANXR
Table5 Energy error & RMS error versus current input when V,ris 5.01 V
. error of energy error of RMS

4 gé': 'L/E current input(A) calculation/% calculation/% SNDR/dB
0.000 5 -3.207x107 0.218 8 28.5
- e . y " ‘/ ot 0.000 8 5.357x10™ 0.0553 32.6
28 3 WAMFE AR AT A, MR RS 0.001 6 2.678x10" 0.0359 38.0
TE X% 1) I 22 I6F, 23 (o BB T 5 AR R%01E T 6 4 il 0.0032 194910 0.0143 43.6
. N 0.006 4 1.531x10° 0.008 2 474
PR 2x% T X% I 25 o L EIE Y SQNR LT 00128 L o10x10° 0.003 6 559
30 dB, HLJEIHIEM SQNR KT 85dB Hf, &{#H, 0.025 6 5.251x10° 0.001 5 62.9
2 B o/ By 3L 925 3 S A = 0.0512 2.037x10° 0.000 9 69.6
BETH R 7 0.5%M 1R 22, HL Il 18 A A5 (B T i iR 22 o102 8510 0.0004 63

=z >

KT 0.4%. 2 EZK 0.5S HHRMEK, 0.2048 3.051x10° 0.0002 822
0.409 6 -4.080x10° 1.562x10* 87.9
523k 0.800 0 2.420x10° 6.056x10° 92.0
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