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Implementation of Single-Phase Energy Measurement IC
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ABSTRACT

This paper presents a single-phase energy measurement IC to measure electric power quantities. The entire IC
includes two programmable gain amplifiers (PGAs), two >A modulators, a reference circuit, a low-dropout
(LDO) regulator, a temperature sensor, a filter unit, a computation engine, a calibration control unit, registers,
and an external interface block. The proposed energy measurement IC is fabricated with 0.18-pm CMOS
technology and housed in a 32-pin quad-flat no-leads (QFN) package. It operates at a clock speed of 4,096 kHz
and consumes 10 mW in 3.3 V supply.
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Table 2. Implementation results for digital block

Digital Block Equivalent Gates (k) | Ratio
Filter & Compensation 77.8 47.7%
Computation Engine 39.4 24.1%
Calibration Control 6.3 3.9%
Register & External I/F 39.7 24.3%
Total 163.2 100%

(quad-flat no-leads) package@ A|2}t=|dc). A|=t=
ICE 3.3V Y-S kol 4v] A 10 mWE &
zhebn, g2k 22 Sl 4,096 kHzolth

a3 125 AjK duix] A4 1CE %
g HAE Heg veplan 29 132 A Y
eRdch A=k o] 548 1Ce] A 3|
7] $13) Als HA7E ARgssdck Als WS
A S A5 Adel 77 60Hz o Hot
1V sine Al3E {HA7)2, o|5 2 94 24 34
< ol o5 2 9 BA IS vl 5 A
T Aol 2715 14VHE 0.7mV7HA] W3k 7]wA
OﬂL‘]Z] .Z‘.X—LS_ IC7}‘ 74]/K]-5‘]— 7<~] =20 /E_:]E)‘,_%}\— _‘I?r_:_é“_ X—]E’:‘
=i T quﬂo]] ]:Htﬂ- ZJU] = =% -]*5]—03]1:]— 7‘}4 7&;,}-
T3] 149} ZFo] A5 dynamic range 1000:1 ¥H$] A
ZA3 A7 AERrms), TE AHPave) 2 TE

Energy Mé'éé' ement IC
ket

Cu rrent

-“ Channe

38 12, YA FHE IC H2E Be
Fig. 12. Energy measurement IC test board

8@ | 08-1-5sE 1 EEEEERN

S S
IC Test Board

a3 13, «v# 544 1ce A% 2
Fig. 13. Test environment for energy measurement IC



=/ elvA] A4 1Ic 7

AH(Qave)ell g A= 2271 0.1% vIwkl Ze
gelslith 13 155 A modulatorel] 60Hz F-3}
9] 4V sine waves {HA|Z] Fol] SAT AY ~
HEZ] WUX(power spectral density)E UERATE
peak SNDR(signal-to-noise and distortion ratio)<-
94.57 dB& =A%k

050 -

: : : ] ; : Irms Error
L e e Pavg(PF=1) |:
. H . H ! h | = = = Qavg(QF=1)|:

03k et i SR - T A - A— I

Percent Error(%)

i I L I H Il Il Il Il I}
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Current Dynamic Range (x:1)

T3 14, oA 248 109 AR 2
Fig. 14. Measured accuracy of energy measurement IC

Level (dBFS)

10 2 S0 100 20 00 K % SC 1k 2k Sk 100k 2006 Son

Frequency (Hz)

2] 15. 3A modulator®] %3 ~flE™] Wr =4
Fig. 15. Measured power spectral density of XA
modulator

V.2 B

2 =rollde At 2 AR A ALEE o] 83}
3 J5b7] Sl Hw le] oA 2
4 ICo 7 vy 2 A9E lEsiick
Aok A 44 1C= 2700] PGA, 2719] ZA
modulator, reference 3|2, LDO regulator, =% AlA]
2 A= AFE®} FU, CE, CCU, EIFZ A% t]X]
o 5202 A% Aok 1C9] CE= it &5
2 Aaele] Aashe T2 AAE], HW T

WA W g AEE F 5 9l el ek w1

CCUZ} WA=]o, Aljke 1C7F 285 A
Alzdle] BA] Aag weststa, B Al
& gl Aol olrk Aljk olv#] S48 1C
0.18-um CMOS FA 22 A==l 3, 32-pin QFN
package = A|=t=E e} A ICE 3.3V AYS ¥
ol 2u] A 10 mWE B,

References

[1] H. K. Min, T. An, S. W. Lee, S. R. Lee, and
I. H. Song, “Power signal recognition with
high order moment features for non-intrusive
load monitoring,” J. KICS, vol. 39C, no. 7,
pp. 608-614, Jul. 2014.

[2] J. H. Lee, S. H. Kim, C. S. Oh, M. S. Seo,
Y. D. Kim, and H. J. Park, “Implementation
of smart multi-tap system based on zigbee
communication,” J. KICS, vol. 39C, no. 10,
pp- 930-936, Oct. 2014.

[31 S. I. Hwang, T. J. Park, Y. K. Sohn, and G.
P. Jeon, “Smart grid use case and service
requirement based on M2M : Energy management
system for public buildings,” J. KICS, vol.
38C, no. 7, pp. 612-620, Jul. 2013.

[4] W. Koon, “Current sensing for energy
metering,” in Proc. IIC-China Conf, pp.
321-324, 2002.

[51 Y. S. Lee, J. W. Seo, J. W. Wee, M. G. Kang,
and D. K. Kim, “Single-phase energy metering
chip with built-in calibration function,” KSIT
Trans. Internet and Inf. Syst., vol. 9, no. 8, pp.
3112-3129, Aug. 2015.

[6] IEEE Std. 1459, IEEE Standard Definitions
for the Measurement of Electric Power
Quantities  Under  Sinusoidal, sinusoidal,
Balanced, or Unbalanced Conditions, 1EEE,
Mar. 2010.

[71 R. Schreier and G. C. Temes, Understanding
Delta-Sigma Data Converters, Piscataway NIJ:
IEEE press, 2005.

[81 E. B. Hogenauer, “An economical class of
digital filters for decimation and

interpolation,” IEEE Trans. Acoust., Speech,

Signal Process., vol. 29, no. 2, pp. 155-162,

Apr. 1981.

2509



The Journal of Korean Institute of Communications and Information Sciences ’15-12 Vol.40 No.12

0l ¢4 M (Youn-Sung Lee)

19961 24 @ st A5F
wlgsts) gl

1998+ 29 @ st 5%
elelst et A4}

2008 9U~&A| : AT

‘ \ A7) AApEsE uhat 2y

e "' 2003 7~ HAEL
791 (KETI) #glede

<TA 2ol WEEA AE, VLSI ob7]9A

M &l 2 (Hae-Moon Seo)

1998 2 : A5t
ERa ﬂm

20001 24 ;7 EdEta A}
;:1‘5‘]—31]. :Lz‘;} 2] ;\]_

20091 8¢ : Bt Az}
8 st Hf

20051 24~&1A - AR
<1 (KETI) #sled<d

<3l H-ol> NRE-H System, Platform B/M modeling,
Service Design Architecture

7

k
2

2510

Z S T (Dong Ku Kim)

Al T &4
1985 : U.S.C.

19921 : U.S.C.

o,

198311 24 : &=

Foaa

o

Dept of

Electrical Engineering A}

Dept of

Electrical Engineering ¥}A}
19943~ A : AAM| et 23}

n].]zﬂ— x—]y]x—]x]._:_th} z—] —1/\

<FlRol 5AI o]F-5Al AlE],
7%, Al °l% Relay 7I%,
Sensing, 434 7|4

= MIMO

Compressed



