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6 The hardware

6.1 ACpower cord
6.2 Eight 32A/1kV cables with secure male connector were constructed
6.3 Eight 32A/1kV female connector mounted in a case
6.4 High Efficiency Switching Power supply RS25-12 — Mean Well

6.5 Painted case in fireproof material

6.6 84Mhz Atmel SAM3X8E ARM Cortex-M3 CPU 32-bit ARM microcontroller

6.7 600Mhz ADSP-BF527: high performance 32-bit Blackfin embedded processor core
6.8 Shunt resistor set mounted on PCB design for >30A
6.9 30A - Fast fuses
6.10 PCB with 4 shunt resistors of 2mQ mounted on 2 x 75um two sided FR4 material
6.11 3.0 CFM cooling fan for case cooling
6.12 Flatcable for external configuration of the DSP

6.13 Extend PCB with additional SMD components for additional filtering and powering

6.14 Printed Circuit Board: 3 x ADE7933 + 1x ADE7978

6.15 Front panel
6.16 Backpanel

6.17 PCB mounted in case
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IPEAK (Address OXE500 — Length 32 bits)

VPEAK (Address OxE501 — Length 32 bits)

STATUSO Register (Address 0xE502 — Length 32 bits)

STATUS1 Register (Address 0xE503 — Length 32 bits)

MASKO Register (Address OXES0A — Length 32 bits)

MASK1 Register (Address OXE50B — Length 32 bits)

PHSTATUS Register (Address OXxE600 — Length 16 bits)

PHNOLOAD Register (Address OxE608 - — Length 16 bits)

COMPMODE Register (Address OXE60E — Length 16 bits)

CFMODE Register (Address 0xE610 — Length 16 bits)

APHCAL, BPHCAL, CPHCAL Registers (Address: 0xE614 — OxE615 — OxE616)

PHSIGN Register (Address 0xE617 — Length 16 bits)

CONFIG Register (Address 0XE618 — Length 16 bits)

MMODE Register (Address 0xE700 — Length 8 bits)

ACCMODE Register (Address 0xE701 — Length 8 bits)

CONSEL[1:0] Bits in Energy Registers

LCYCMODE Register (Address O0xE702 — Length 8 bits)
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7.4.22 HSDC_CFG Register (Address 0xE706 — Length 8 bits)
7.4.23 CONFIG3 Register (Address 0xE708 — Length 8 bits)

7.4.24 CONFIG2 Register (Address OXEAQO — Length 8 bits)
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1. General approach to ADCs

1.1 Block diagram of four ADCs connected to the DSP managed by the microcontroller

PHASE PHASE PHASE ISOLATION
NEUTRAL A B c BARRIER
1
In VIP L 03.3v
""' - V"lY VM !
IM PHASE A
3 N G—
] p ADE7933
L Jvep |
1
GNDjso_a== | %7 GNDuicy
1
[ vip 1 L 03.3v
AR VM
IM PHASE B
3 ADE7932/ K
1 p ADE7933 w &
. 3] 3
L fvep é L 03.3v = 03.3v
1 ADE7978 K'PCiHSDC OR SPI )| mE
GNDisg g | 7 GNDucu E :> ENERGY E%
1 = >
e viP 1 L03.3v E‘ METFCRING RGO, IRQ1__ > “§
A A~ VM 1 o 5
IM PHASE C i Q =
1 ADE7932/
jp ADE7933 — V SNDucu V7 GNowcy
L {vep |
1
NDjso c== ' 17GNDycy
y —vip | 03.3v |
' NEUTRAL !
: —{ VM LN :
M aperez |
3 i NONISOLATED) <:l
L P i
I 1
) 5 by L 1
£ LOAD 3 :: vzp : 2
! 7 GNDycy : £

Figure 1: 3-phase, 4-Wire Meter with three ADE7933 devices and one ADE7978 DSP

1.2 ADC functional blockdiagram
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Figure 2: ADE7933 Functional Block Diagram
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1.3 ADE7913 Overview : Isolated 3-Channel Sigma-Delta ADC with SPI

* 3 channel 24-bit ADC (simultaneously sampling with 3 ADE7913 ADC’s possible)

*  Up to 4 devices clocked on external clock

*  Current channel = +31,25mV nom. peak input range (+ 5.320.000)

* Current channel = +49,27mV max. peak input range (23bit = -8.388.608 tot +8.388.607)

* Voltage channel = +500mV nom. peak input range (+ 5.320.000)

* Voltage channel = +788mV max. peak input range (23bit = -8.388.608 tot +8.388.607)

* Voltage channel = 0,991 V/mV = 0,000991 V/uV = 0.000000991 V/nV

* Current channel = 0,5 A/mV = 0.0005 A/pV = 0.0000005 A/nV

* Limit violation = digital LPF overflows which results in added harmonics due to the saturated
code from this LPF output.

* Internal reference = 1,2V

= Single PS = 3,3V

= 20-SOIC

= -40°Cto +85°C

*  24-bit signed 2’s complement words

* 24 bits words generated @ 8ksps

* XTALin = 16.384Mhz

» Samplerate (oversampling) = CLKIN/16 = 16,384Mhz / 16 = 1024Mhz

* Noise shaping + anti-aliasing

Full scale range(v) ~ 788 x 107°
2N (bits) - 223

MAX LSByortage channel = = 93,93692017 nV /bit

Full scale range(v) ~ 500 x 1073
2N (bits) ~ 5.320.000

NOM LSB yrrent channel = = 93,98496241nV /bit

Full scale range(v) 49,27 x 1073
MAX LSBvoltage channel = =

= 5.873441696 nV /bit

2N (bits) B 223
Full scale range(v)  31.25x 1073 )
NOM LSByyrens channel = N Ghics) = 5o = 5:874060150nV /bit
UNSIGNED
MAX 16777215
UNSIGNED MIN 0

SIGNED MAX 8388607

SIGNED MIN -8388608
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1.4 Voltage channel: ADC transfert characteristics

ADC TRANSFER FUNCTION

ADC TRANSFERT FUNCTION OF VOLTAGE CHANMNEL

Peak input range

(MVoeee)

Peak grid voltage (Vaes)

RMS grid Veltage (V)

Peak grid voltags/peak
inputvcitage

ADC (Signed Int.)

ADC [Hex)

ADC (32-bit Hex)

Typical voltage
channel ADC
Offset Error (mV)

B38B6OT7

0x TEFFFF

0x 7F FFFF

nominal 500 2955 350,371 991 5320000
250 247,75 175,186 991 10640000
0 0 0 0,000 991 0 0 0 -35
-250 -247,75 -175,186 991 -2660000
nominal 500 -495,5 -350,371 991 -5320000
-B38B608 % 800000 0Ox FFFF FFFF FFS0 0000
1.5 Current channel: ADC transfert characteristics
ADC TRANSFERT FUNCTION OF CURRENT CHANNEL
Peak input range Peak grid current RMS erid t | Peak grid t, k
grid current | Peak grid current/pea ADC (Signed Int.) Verschil ADC [Hex)
(MVpear) (Agear) (A) input voltage range
49,28 8388607 Ox 7F FFFF
nominal 31,25 15,625 11,049 500 5320000 3067725
10,00 5 3,536 500 1702400 3617600
(1] 0,00 0 0,000 500 0 1702400 0 -2
-10,00 -5 -3,536 500 -1702400 1702400
nominal -31,25 -15,625 -11,049 500 -5320000 3617600
-49,28 -8388608 883| Ox FFFF FFFF FF80 0000
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1.6 Design Targets

Range = 20A
Ai = 2mA
Rshunt = 2mQ

1.7 Actual specification of ADE7933 with Rshunt = 2mQ

v

AN N NN

Ugrid-peak with guaranteed specification = 495,5V
Ugrid-peak (ADC limit) = 780,908V

Igrid-peak with guaranteed specification = 16A
Igrid-peak (ADC limit) = 24,635A

Hardware maximum current = 30A

1.8 Three-Phase, Four-wire, Wye distribution system

NEUTRAL

PHASE C
PHASE B
PHASE A
E GND_A
IMIN_A
PHASE A
IPIN_A ADET933
VIPIN.A _|
GND_B
IMIN B
PHASE B
IFIN_B ADET933
VIPIN.B _|
GND_C
B——— minc
PHASE C
b IPIN_C ADET933
VIPIN. C  _|
— AGND_N
IMIN_N
PHASE N
IPIN.N | ADE7933

00

Figure 3: typical setup for ADE7978/ADE7933
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2 General approach tothe ADC resolution?

With this project we aim to move toward a higher resolution delta-sigma ADC:s for voltage- and current
sensing through shunt resistors. Besides a wide current range of 30A we want to be able to measure
leakage flows with a high resolution. We aim at current measurements wit SmA steps of resolution with
a reasonable precision. A lot will depend on the total amount of noise in the system. All analog to
digital conversions introduce a certain amount of noise into an electronic system. A number of factors
are inherent to any ADC. For example, quantization noise is generated by the ADC conversion from
analog to discrete steps because of the difference between the analog input signal and the discrete
representation at the output of the ADC . We also have to be careful not to exceed the ADC limits
because then noise is introduced due to the saturation of the ADC (=satuartion noise). Also and always
present is the thermal noise (=Johnson noise) wich is generated by the thermal agitation of the charge
carriers inside every electrical conductor. Thermal noise is present in every electrical ciruit, indepenant
of any applied voltage. We also have to consider the external noise sources injected from radiating
and/or conducting sources outside the electronic measurement system, especcially the ADC input has
tob e designed with care. The latter can be reduced to a minimum by correct design of the PCB and

power source according to the EMC guidelines for PCB design.

Parameters such as effective resolution, noise-free resolution, ENOB, SINAD, SNR specifically describe
how accurate an ADC exactly is. The other kinds of noise are not considered for now. SNR, SINAD
and ENOB measure the ADC’s dynamic performance.

2.1 The effective resolution

The effective resolution and noise-free resolution measure the ADC’s noise performance at DC. So
spectral distortion is not factored. (THD, SFDR)
full — scale input voltage range

ADCrMms

effective resolution = log, [

noise

\VA
effective resolution = log, l—l l
RMsnoise

The effective resolution should not be confused with ENOB. The methodolgy for measuring ENOB

uses an FFT analysis of a sine-wave input tot he ADC.

2.2 The noise-free resolution

full — scale input voltage range
ADCpp

noise — free resolution = log, [

noise

V.
noise — free resolution = log, [ - l

PPpoise
2.3 ENOB
full—scale input voltage range
ENOB = log, P geme ]
ADCRMSnoiseX vi2
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2.4 SINAD

RMS input voltage
SINAD = [ ]

RMS noise voltage

2.5 RMS noise

1 M-1
RMS noise = — 2
noise M Z EAVM(FM)

m=0

Eavm(FM) = averaged magnitude spectral component at a given discrete frequency after DFT

3 Datasheet ADE7933

3.1 Noise and distortion specifications page 8 and 9

ADET978/ADE7933/ADE7932/ADET923

SPECIFICATIONS

SYSTEM SPECIFICATIONS, ADE7978 AND ADE7933/ADE7932/ADE7923

VDD =33V & 10%, GND = DGND = 0V, ADET978 XTALIN = 16388 MHz, Ty 10 Tygpy = ~40°C 10 1 85°C, Ty = 25°C,

Table 1.
P 1.2 Min Typ Max Unit Test Conditions/Comments
ACTIVE ENERGY MEASUREMENT
Measurement Error (per Phase)
Total Active Energy [N C Over a dynamic range of 500 to 1, power factor
{PF) =1, gain compensation only
02 % Over a dynamic range of 200010 1, PF=1
Fundamental Active Energy [N % Over a dynamic range of 50010 1, PF=1,
gain compensation only
02 % Over a dynamic range of 20000 1, PF =1
AC Power Supply Rejection VDD = 3.3V + 120 mV rms at 50 Hz/100 Hz,
1P =6.25 mV rms, VIP = V2P = 100 mV rms
Output Frequency Variation 0.01 %
DC Power Supply Rejection VDD = 3.3V £ 330 mV dc, IP = 6.25 mV nms,
VIP =V2P = 100 mY rms
Output Frequency Variation o L
Total Active Energy Measurement 33 kHz
Bandwidth
REACTIVE ENERGY MEASUREMENT
Measurement Error (per Phasa)
Total Reactive Power ol % Over a dynamic range of 500 to 1, PF =0,
gain compensation only
0z Fe Over a dynamic range of 2000to 1, FF =0
Fundamental Reactive Power [N L) Over a dynamic range of 500 t0 1, PF =0,
gain compensation only
0.2 % Over a dynamic range of 200010 1, PF=0
AC Power Supply Rejection VDD = 3.3V + 120 mV rms at 50 Hz/100 Hz,
IP =625 mV rms, VIP = V2P = 100 mV rms
Output Frequency Variation 0.01 %
DC Power Supply Rejection VDD = 3.3V £ 330 mV dc, IP = 6.25 mV nms,
VIP =V2P = 100 mY rms
Output Frequency Variation o L
Total Reactive Energy Measurement 33 kHz
Bandwidth
RMS MEASUREMENTS
Measurement Bandwidth 33 kHz Irms and ¥ rms
Voltage (V) rms Measurement Error 01 % Civer a dynamic range of 500 to 1
Currant (1) rms Measurement Error 0.25 LY Over a dynamic range of 500 to 1
Fundamental ¥ rms Measurement Error 0ol % Over a dynamic range of 500 to 1
Fundamental | rms Measurement Error 0.25 % Over a dynamic range of 500 to 1
WAVEFORM SAMPUING Sampling CLKIN/2048 (16,284 MHz/2048 =
BKSPS)
Current Channels See the Waveform Sampling Mode section
Signal-to-Noise Ratio (SNR) 67 di
Signal-to-Moise-and-Distortion &7 dB
(SINAD) Ratio
Total Harmonic Distortion (THD) —B85 di
Spurious-Free Dynamic Range (SFDR) 88 dBFS
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Parameter’? Min Typ Max Unit Test Conditions/Comments
Voltage Channels
SHR 75 di
SINAD Ratio 74 dB
THD 81 dB
SFOR 81 dBFS
Bandwidth (-3 dB) 33 kHz
TIME INTERVAL BETWEEN PHASE SIGNALS
Measurernent Error 0.3 Degrees | Line frequency = 45 Hz to 65 Hz, HPF on
CF1, CF2, CF3 PULSE QUTPUTS
Maximum Output Frequency 68.8 kHz WTHR = VARTHR =VATHR = 3, CFXDEN =1,
full scala currant and voltage, PF =1, one
phase anly
Duty Cycle 50 CF1, CF2, or CF3 frequency > 6.25 Hz,
CFeDEN s even and =1
{1+ 1/CFDEN) % 50 CF1,CF2, or CF3 frequency = 6.25 Hz,
CFxDEN is odd and =1
Active Low Pulse Width B0 ms CF1,CF2, or CF3 frequency < 6.25 Hz
CF litter 0.04 9% CF1,CF2, or CF3 frequency = 1 Hz, nominal

phase currents larger than 1096 of full scale

! See the 'I]:)'pial Performance Characteristics section.
*See the

Figure 4: ADE7933 datasheet

©Wesley Cottegnie
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4 Quantification principles
4.1 Practical approach to quantification of ADC devices

Generalized Test Setup for FFT Analysis of ADC Output
There are a number of ways to quantify the distortion and noise of an ADC. All of them are based on

an FFT analysis using a generalized test setup:

fS
ANALOG
INPUT N-BIT N | BUFFER M-POINT %POlNT
ADC MEMORY —*  FFT
fa M-WORDS | | PROCESSOR| SPECTRAL
OUTPUT

Figure 5:Generalized test setup for FFT analysis

4.2 Popular specifications for quantifying the ADC dynamic performance

SNR signal-to-noise ratio

SINAD signal-to-noise-and-distortion ratio
ENOB effective number of bits

THD total harmonic distortion
THD+N total harmonic distortion + noise
SFDR spurious free dynamic range

Most ADC manufacturers have adopted the same definitions for these specifications. They can be used
for comparing different ADCs. It is important to:

v" understand exactly what is being specified

v" understand the relationship between these specifications

4.3 Parameters of sampling and FFT

Total frequency range covered is dc to £,/2
* f, = samplerate (Hz, samples/s, KSPS, MSPS)
* f/2 = Nyquist bandwidth
»  Spectral output of FFT = series of M/2 points in the frequency domain
* M = Size of the FFT = number of samples stored in the buffer memory
* f/M = spacing between these M points = width of each frequency "bin” = resolution of the FFT
* Theoretical noise floor = theoritical SNR + FFT process gain
» FFT process gain = 10xlog(M/2)

4.4 Important

The value for noise used in the SNR calculation is the noise that extends over the entire Nyquist
bandwidth (dc to £/2), but the FFT acts as narrowband spectrum analyzer with a bandwidth of f/M
that sweeps over the spectrum. This has the effect of pushing the noise down by an amount equal to the

process gain. This is the same effect as narrowing the bandwidth of an analog spectrum analyzer.
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ADC FULLSCALE
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Figure 6: FFT Output for ideal 12-bit ADC, inpur = 2.111Mbz, fs = 82MSPS, Average of 5 FFTs5, M=8192

4.5 FFT output

An FFT is can be compared to an analog spectrum analyzer that measures the amplitude of the
harmonics and noise components of a digitized signal. The harmonics of the input signal can be
distinguished from other distortion products by their location in the frequency spectrum. Here we see a
7MHz input signal sampled at 20 MSPS and the location of the first 9 harmonics.

RELATIVE p f5 = 7MHz
AMPLITUDE
HARMONICS AT: [+Kfgtnf,| f, = 20MSPS
n = ORDER OF HARMONIC,K=0,1,2,3,...
HARMONICS
A
3 2 HARMONICS
6
9 8 5 4 7
- | |
1 2 3 4 5 6 7 8 9 10
FREQUENCY (MHz)

Figure 7 : Location of distortion products: Input Signal = 7MHz, Sampling rate = 20MSPS

Aliased harmonics of f, fall at frequencies equal to |tK.f; + n.f|

K=0,1,2,3, ...

n = order of the harmonic (harmonic = multiple of base frequency)

The 22 and 3* harmonics are generally the only ones specified on a data sheet because they tend to be

the largest, altough some data sheets may specify the value of the worst harmonic.
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4.6 Matlab example (without aliased harmonics)

>> Fs = 20000000 & . Plerindrfgram ?nwerl Spel::ll:rum Elstimatle
f = 7000000; ool

t=0:1/Fs:1; o

x = tanh(sin(2*pi*f*t)+0.1) + S0t "
0.001*randn(1,length(t)); g 80 [ |
periodogram(x kaiser(length(x),38),[],Fs,'power’) = 100 ,

o 1 2 3 4 5 G 7 8 k2] 10
Frequency (MHz)

4.7 Total harmonic distortion (THD)

THD = the ratio of the mean value of the root-sum-square of its harmonics to the fundamental signal.
Harmonic distortion is normally specified in dBc (decibels below carrier), altough in audio applications
it may sometimes be specified as a percentage. Harmonic distortion is generally specified with an input
signal near full-scale (generally 0.5 to 1 dB below full-scale to prevent clipping), but it can be specified
at any level. For signals much lower than full-scale, other distortion products due to the differential
nonlinearity (DNL) of the converter - not direct harmonics - may limit performance.

Only the lowest 5 harmonics are significant.

The THD can be calculated with n harmonics included

V3 +VE . +VZ  +tVE
THDgp. = 20 X log ( RMS RMSV% RMS RHS ) when n = 1 = fundamental frequency
RMS

2 2 2 2
\/VZRMS + V3RMS + V4RMS otV

NRMS

THD;5. = 20 X log

V.

1rMs

The THD can also be calculated with all harmonics included

VZ _ VZ
THD 5, = 20 X log (Lzl>
Vl
/ OO_ VZ
THD gz, = 20 X log (M)
1

4.8 Total Harmonic Distortion + Noise (THD +N)

THD + N = the ratio of the mean value of the root-sum-square of its harmonics plus all noise

components. (excluding dc) to the fundamental signal. The BW over which the noise is measured must

be specified. In the case of an FFT, the bandwidth is dc to £i/2. If the BW of the measurement is dc to
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f/2(=Nyquist BW), then THD+N = SINAD -> Be warned, the measurement BW may not
necessarily be the Nyquist BW.

4.9 Spurious free dynamic range (SFDR)

SFDR = the ratio of the rms value of the signal to the rms value of the worst spurious signal

regardless of where it falls in the frequency spectrum. The worst spur may or may not be a harmonic of

the original signal. SFDR is an important specification in communications systems because it represents
the smallest value of signal that can be distinguished from a large interfering signal (blocker). SFDR can
be specified with respect to full-scale (dBES) or with respect to the actual signal amplitude (dBc). The
definition of SFDR is shown graphically in Figure 4.

FULL SCALE (FS)

____________________ am———
INPUT SIGNAL LEVEL (CARRIER)
A it e S
SFDR (dBFS)
SFDR (dBc)
dB
| WORST SPUR LEVEL
FREQUENCY f

2
Figure 8: Spurious Free Dynamic Range (SFDR)

4.10 SINAD, SNR and ENOB

SINAD is a good overall dynamic performance of an ADC because it includes all components which
make up noise and distortion. SINAD is often shown for different input amplitudes and frequencies.
For a given frequency and amplitude, SINAD is equal to THD + N, provided the BW for the noise
measurement is the same for both (=Nyquist BW)

’5 [T |
2V SPAN, DIFFERENTIAL
70 - va i 11.4
Wjir;
\ o \ 1V SPAN,
\ DIFFERENTIAL
65 = L Van e e 10.6
3] 2 ‘ o
g \/ %
|
o 60 \ 98 @
< 1V SPAN, g
E SINGLE-ENDED &
55 2 8.9
50 8.1
2V SPAN, SINGLE-ENDED
45 11 LI 7.3
1 10 100 1000

ANALOG INPUT FREQUENCY (MHz)
Figure 9: 12-bit, 65MSPS ADC SINAD and ENOB for various Input Full-Scale Spans (Range)

The figure shows that the ac performance of the ADC degrades due to high-frequency distortion and is

usually plotted for frequencies well above the Nyquist frequency so that performance undersampling
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applications can be evaluated. SINAD is often converted to ENOB (effective-number-of-bits) using the
relationship for the theoretical SNR of an ideal N-bit ADC:

SNR = 6.02N + 1.76dB

The equation is solved for N, and the value of SINAD is substituted for SNR:

SINAD-1.76dB
ENOB = ———
6.02

(this equation assumes fullscale input signal)

Note that the last equation assumes a full-scale input signal. If the signal level is reduced, the value of
SINAD decreases, and the ENOB decreases. It is necessary to add a correction factor for calculating

ENOB at reduced signal amplitudes as shown in this formula :

SINAD eqsured — 1.76dB + 20 log(
6.02

fullscale amplitude)

ENOB = input amplitude

The correction factor essentially "normalizes” the ENOB value to full-scale regardless of the actual
signal amplitude. Signal-to-noise ratio (SNR, or sometimes called SNR-without-harmonics) is
calculated from the FFT data the same as SINAD, except that the signal harmonics are excluded from
the calculation, leaving only the noise terms. In practice, it is only necessary to exclude the first 5
harmonics, since they dominate. The SNR plot will degrade at high input frequencies, but generally not

as rapidly as SINAD because of the exclusion of the harmonic terms.

A few ADC data sheets somewhat loosely refer to SINAD as SNR, so you must be careful when

interpreting these specifications and understand exactly what the manufacturer means.

4.11 Mathematical relationship between SINAD, SNR an THD

There is a mathematical relationship between SINAD, SNR, and THD (assuming all are measured
with the same input signal amplitude and frequency. In the following equations, SNR, THD, and
SINAD are expressed in dB, and are derived from the actual numerical ratios S/N, S/D, and S/(N+D)

as shown below:

S S S
SNR = 20log (ﬁ) THD = 20log (5) SINAD = 20log (m)
% =10 20 % = 10720 NSLD =107 30
1 1 1
N+D N\2  /D\?]2 —SNR\ 2 —THD\ 2]2 —SNR ~THD73
— = (—) + (—) = (10—20 ) + (10—20 ) = 10710 +10 10
S S S
S —SNR —THD1™3
—_— 10 10 10 10
N+D + ]
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S —SNR —THD
SINAD = 20log (=) = —10log |10 1 +10 10 ] - SINAD as function of SNR and THD
SINAD THD
SNR = 20log ) = —10log 107 o — 10‘7] - SNR from SINAD and THD
SINAD SNR
THD = 20log (5 ) = —10log [10™ 10 - 10‘?] - THD from SINAD and SNR

It is important to emphasize that these relationships hold true only if the input frequency and

amplitude are equal for all three measurements.

5 Quantification principles applied on the ADE7933

5.1 ADE7933 parameters for quantification of noise and distortion

Channels Voltag | Current
e
BW(-3dB) 3,3kHz | 3,3kHz
SNR 75dB 67dB
SINAD 74dB 67dB
THD -81dB | -85dB
SFDR 81dBEFS | 88dBFS
ENOB Practical (@23-bits) | 12 bits | 10,84 bits

Figure 10: quannﬁ/t’ng parameters

5.2 Calculation of ENOB

Effective number of bits is a parameter of the ADC’s dynamic range. The number of bits used for

storing a sampled analog point is the resolution. We can represent 2V discrete signal levels with N-bits.
ENOB is based on the equation for an ideal ADC’s SNR:
SNR =6.02 x N + 1.76 dB (N = ADC’s resolution)

A real world ADC never achieves this SNR due to its own noise and errors. You can rearrange the

equation to calculate an ADC’s effective N, or ENOB as we commonly call it:

SINAD-1.76dB
6.02

ENOB =

5.3 Voltage channel ENOB distracted from specified parameters

ENOB = Z24B-L76dB _ 45 pits
6.02

5.4 Current channel ENOB distracted from specified parameters

ENOB = W — 10,84 bits
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6 Thehardware

6.1 AC power cord (link)

6.2 Eight 32A/1kV cables with secure male connector were constructed (cable surface = 4mm?)

6.3 Eight 32A/1kV female connector mounted in a case (link)

10
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6.4 High Efficiency Switching Power supply RS25-12 — Mean Well (link)

©Wesley Cottegnie
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6.6 84Mhz Atmel SAM3X8E ARM Cortex-M3 CPU 32-bit ARM microcontroller

ubul

ANALOG
DEVICES

P-8

6.8  Shunt resistor set mounted on PCB design for >30A

SMD 3921 0.0020hm 1% 4W Shunt Res AEC-Q200 75 PPM/C

6.9 30A — Fast fuses

250VAC 30A .009130hms 463 NANO2

12
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6.10 PCB with 4 shunt resistors of 2mQ mounted on 2 x 75pm two sided FR4 material

The devices pass Class B CISPR22/EN-55022 standard specification with a sufficient margin only with
a 4-layer PCB.

6.11 3.0 CFM cooling fan for case cooling

DC Fan, 25x10mm, 12VDC, 3CFM, 0.36W, 16dBA, 9600RPM, 0.18inch H20,
Vapo Bearing, MaglLev Motor. Rated current: 30 mA / max. 35 mA

Rated power consumption: 360mW / max. 420mW
Air flow: 3.0 CFM

6.12 Flatcable for external configuration of the DSP

DESCRIPTION JEDEC_TYPE ToL VOLTAGE ~ WATTAGE LOCATION
Meerlaagse keramische condensatoren MLCC - SMD/SMT 0.1uF 50Volts X8R |0-1uF C0805H53 10 50v C11.C16  |MURATA
Tantaalcondensatoren - vast SMD 6.3V 470uF 2917 10% ESR=100mOhms__|470UF Cr343 10 6.3V c14 KEMET
CAP TANT, WWPN: E000711 4TuF C6032 10 16 0 c17 AVX
DICDE RECT, WWPN: E001141 DL4001 DL41 N/A 50v D8,D7 MICROSEMI
CONN-PCB 2MM CENTER PIN, RA, DC POWER JACK, WWPN: E000820  |PJ-002AH-SMT CNCUIPJ-002A  |NA -0 -0 P2 CUIINC
800mA LOW-DROPQUT LINEAR REGULATOR, WWPN: E007641 LM1117MP-3.3/NOPB |SOT223 3av VR3 NATIONAL
Ferrietparels Hl GUR GHIP BD 0805 1200HMS 25% (100Mhz) 1200HM 0805 (2012 metric) |25 2,5A/1200H

TAIYO YUDEN

13
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6.14 Printed Circuit Board: 3 x ADE7933

6.15 Front panel

LOAD L1

SOURCE L1

©Wesley Cottegnie
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6.16 Backpanel

6.17 PCB mounted in case
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7 Thesoftware

7.1 1973 Registers

The ADE7978 Digital Signal Processor contains 1973 registers related to functionality, configuration
and power quality measurements. Depending on its function, a register can be read only, write only or
a combination of read/write. The word length of the DSP RAM registers consist of 32 bits, but the
relevant data can vary from 8, 16, 24 to 32 bits depending its function. Some registers contain signed
data and others contain unsigned data. Some values are formatted as twos complement numbers. It is

important to take this into account when interacting with the registers.

7.2 General classification of the registers

* 128 registers are allocated to the DSP Data Memory RAM
* 38 registers are allocated to the Internal DSP Memory RAM
* 15 registers are assigned as Billable Registers

* 1792 registers are used as Configuration and Power Quality Registers

7.3  Register Terminology

R = read only
R / W = read and write
N / A = not applicable

32 ZPSE = 24-bit signed register that is transmitted as a 32-bit word with four MSBs padded with 0s
and sign extended to 28 bits.

32 ZP = 28- or 24-bit signed or unsigned register that is transmitted as a 32-bit word with four MSBs
or eight MSBs, respectively padded with Os.

S = signed register in twos complement format
SE = sign extended to 28-bits

17
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7.4  Register overview

7.4.1 Registers located in DSP Data Memory RAM (#128)
Table 39. Registers Located in DSP Data Memory RAM
Register Bit Bit Length During Default

Address | Name W' Length | Communication’ | Type' | Value Dascription

e 380 AIGAIN RAW 4 32 FPSE 5 0x000000 | Phase A current gain adjust.

4381 AVGAIN RAW 24 32 7PSE S 0x000000 | Phase A voltage gain adjust.

(e 382 AV2GAIN RAW 24 32 7PSE 5 Ox000000 | Phase AV2P channel gain adjust.

4383 BIGAIN RAW 24 32 FPSE 5 0x000000 | Phase B current gain adjust.

w4384 BVGAIM RAW 24 32 ZPSE S 0x000000 | Phase B voltage gain adjust.

Ox4385 BV2GAIN R/W 24 32 ZPSE S 0x000000 | Phase BV2P channel gain adjust.

Ox4386 ClGAIN RAW 24 32 FPSE 5 0x000000 | Phase C current gain adjust.

Owd3ET CVGAIM RAW 24 32 FPSE 5 0x000000 | Phase C voltage gain adjust.

Ox4388 CV2GAIN R/W 24 32 7PSE s 0x000000 | Phase CV2P channel gain adjust.

Oned389 MIGAIN RAW 24 32 7PSE 5 0000000 | Meutral current gain adjust.

Ox438A MV GAIN RAwW 24 32 7PSE 5 0000000 Neutral line VIP channel gain adjust.

Ox4388 NV2GAIN R/W 24 32 ZPSE s 0x000000 | Meutral line V2P channel gain adjust.

Ox438C AIRMSOS RAW 24 32 7PSE S 0x000000 | Phase A current rms offset.

Ox438D AVRMSOS RW 24 32 ZPSE 5 0x000000 | Phase Avoltage rms offset.

Ox438E AVIRMSOS RAW 24 32 7PSE 5 0000000 Phase A V2P voltage rms offset.

Ox438F BIRMSOS RAW 24 32 ZPSE 5 0x000000 | Phase B current rms offset.

4390 BVRMSOS RAW 24 32 7PSE 5 0x000000 | Phase B voltage rms offset.

Oxd391 BV2RMSOS RAW 24 32 7PSE 5 0000000 Phase B V2P voltage rms offset.

Oxd392 CIRMSOS RAwW 24 32 7PSE 5 0000000 Phase C curmrent rms offset.

w4393 CWRMSOS RAW 24 32 ZPSE S 0x000000 | Phase C voltage rms offset.

04394 CVZRMSOS | RW 24 32 7PSE 5 0x000000 | Phase CV2P voltage rms offset.

Oxd395 MIRMSOS RAW 24 32 7FPSE 5 0x000000 | Meutral current rms offset.

w396 MVRMSOS R/W 24 32 ZPSE 5 0x000000 | Meutral line V1P voltage rms offset.

04397 NV2ZRMSOS | RAW 24 32 7PSE 5 0x000000 | Meutral line V2P voltage rms offset.

w4398 [SUMLVL RW 24 32 ZPSE 5 0x000000 | Thresheld used to compare the absolute sum
of phase currents and the neutral current.

0x4399 APGAIN RAW 24 32 ZPSE 5 Ox000000 Phase A power gain adjust.

Oxd39A BPGAIN RAW 24 32 ZPSE 5 0x000000 Phase B power gain adjust.

Ox4398 CPGAIN RAW 24 32 7PSE S Ox 000000 Phase C power gain adjust.

Oed39C AWATTOS RAW 24 32 ZPSE s 0000000 | Phase A total active power offset adjust.

0x439D BWATTOS R/W 24 32 7PSE s 0000000 | Phase B total active power offset adjust.

Ox439E CWATTOS RAW 24 32 ZPSE 5 0x000000 | Phase C total active power offset adjust.

Ox439F AVARODS /W 24 32 ZPSE 5 0000000 | Phase A total reactive power offset adjust.

Ox43A0 BVARDS W 24 32 ZPSE s 0000000 | Phase B total reactive power offset adjust.

Ox43A1 CVAROS W 24 32 ZPSE s 0x000000 | Phase C total reactive power offset adjust.

Owd3A2 VLEVEL R/W 24 32 ZPSE 5 0x000000 | Register used in the algorithm that
computes the fundamental active and
reactive powers. See Equation 28,

Ox43A3 AFWATTOS | RAW 24 32 7PSE s Ox000000 | Phase A fundamental active power offset
adjust.

Owd3A4 BFWATTOS | RAW 24 32 ZPSE 5 0x000000 | Phase B fundamental active power offset
adjust,

e 345 CFWATTOS | RW 24 12 FPSE 5 0000000 | Phase C fundamental active power offset
adjust,

OxA3AG AFVAROS RAW 24 32 ZPSE S 0x000000 | Phase A fundamental reactive power offset
adjust.

Owd3AT BFVAROS RAW 24 32 ZPSE 5 0x000000 | Phase B fundamental reactive power offset
adjust,

d43A8 CFVAROS RAW 24 32 FPSE 5 0000000 | Phase C fundamental reactive power offset
adjust,

©Wesley Cottegnie
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Reglstar Bit Bit Length During Default

Address | Mame R Length | Communication® | Type® | Value Description

%4349 AFIRMSOS RAY 24 32 ZPSE 5 000000 | Phase A fundamental current ms offset.

G ELY BFIRMS0S [ RAY 4 32 PSE 5 000000 | Phase B fundamental curmant rms offsat.

On43AR CFIRMSOS R 24 32 7PSE 5 Ox000000 | Phase C fundamental current rms offsat

Oned3AC APVEMSOS | RW 24 32 7PSE 5 Ox000000 | Phase A fundamental voltage rms offset.

Oxa3AD BFVRMS0S | YW 24 32 ZP5E 5 Ox000000 | Phase B fundamental voltage rms offset.

Ox43AE CFVEMSOS | W 24 32 ZPSE 5 0000000 | Phase C fundamental voltage ms offset

oA 3AF TEMPCO Ay 24 32 IP5E 5 000000 | Temperature cosfficient of the shunt.

Ox4 380 ATEMPO R 24 3z ZPSE 5 Ox000000 | Phase A ADET933/ADETS32 ambient
temperatura at calibration,

04381 BTEMPO R 24 32 ZPSE 5 000000 | Phase B ADE7933/ADE7932 ambient
temperature at calibration.

4382 CTEMPO Ay 4 32 PSE 5 000000 | Phase C ADET933/ADET932 ambiant
temperature at calibration.

Ox43B3 MNTEMPO R 24 32 ZPSE 5 Ox000000 | Neutral line ADEF923 or ADE7933/ADEFS32
ambient temperature at calibration.

%4384 ATGAIN RAN 24 32 7PSE 5 Ox000000 | Phase A temperature gain adjust.

43R5 BTGAIN R 4 32 7PSE 5 Ox000000 | Phase B temperatune gain adjust.

Ox43B6 CTGAIN R 24 32 ZP5E 5 Ox000000 | Phase O temperature gain adjust.

Ox43B7 MNTGAIN R 24 32 ZPSE 5 000000 | Neutral line temperature gain adjust.

Ox43B8 Reserved WA WA MN/A A 0000000 | These memory locations should be kept at

o 0000000 for praper aperation.

Ox43BF

D430 AIRMS R 4 32 P 5 N/A Phase A current rms value.

4301 AVRMS R 24 32 7P 5 WA Phase A voltage rms value.

O43C2 AVIRMS 1) 24 B i 5 A Phiase A V2P voltage rms value,

k4303 BIRMS R 24 327P 5 WA Phiase B current rms valua

4304 BVRMS R 24 32 7P 5 N/A Phase B voltage rms valua.

w4305 BV ZRMS ] 4 32 P 5 M/ Phase B V2P voltage s value.

i CEL CIRMS R 24 327P 5 N/A Phase C curment rms valua.

%4307 CVRMS R 24 327P 5 N/A Phase C voltage rms valua.

0 LT CV2RMS R 29 3ziP 5 WA Phase C V2P voltage rms value,

o439 MNIRMS R 24 327P 5 N/A Meutral currant rms value.

Ox43CA I5UM R 28 32 7P 5 MiA Sum of 1AWV, IBWW, and ICWV registers.

o430 ATEMP ] 24 3P 5 /A Phase A ADETO33FADETS32 temperatuie.

n CEL BTEMP R 24 32 7P 5 N/A Phase B ADE7933/ADET932 temperature.

Ox43C0 CTEMP R 24 32 7P 5 WA Phase C ADE7933/ADE7932 tamperature.

O 3CE MTEMP R 29 2P 5 WA Meutral line ADE7923 or ADEF933/ADET 932
temperature,

owa3CF Reserved MYA MAA N/A /A 000000 | These memary locations should be kept at

o 0000000 for proper operation.

On43FF

" = read only; BAw = read and write; N = not applicaize.

T2 FIPSE = 24-bit shgned registos that |s transmitted as a 32-kt word with four MsEs padded with 05 and sign estended to 78 bits. 32 7P < 28- or 24-bit signed or

unsigned register that Is transmitted asa 32-bit word with four MSEs or eight MS8s, respectively, padded with Os.

*5 = signed reglster In twos complement format.

©Wesley Cottegnie
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7.4.2

Internal DSP Memory RAM registers (#38)

ADET378/ADET933/ADET332/ADET923

Table 40. Internal DSP Memory RAM Registers

5 = signed reglster In twos complement format.

©Wesley Cottegnie

Address | Register Name | RW' BitLength | Type’ DefaultValue | Dascription

k203 Reserved R 16 L RN This address should not be written for proper
opseration.

OxE228 Run R 16 U OR000 Thee rurn register starts and stops the DSP (soe the
Digital Sigral Processor section).

"W = read and write.

10 = unsigned registar,

7.4.3 Billable Registers (#15)

Table 41. Billable Registers

Address | Reglster Name | RW' Bit Length | Type® Default Value | Description

0E400 AWATTHR R 32 5 00000000 Phase A total active energy acoumulation.

OxE401 BWATTHR R 32 5 00000000 Phase B total active enengy accumilation

k402 CWATTHR R 32 5 00000000 Phase C total active energy accumulation.

k403 APWATTHR R 32 5 00000000 Phase A fundamental active energy accumulation.

OxEA04 BFWATTHR R 32 5 O OOO00000 Phase B fundamental active energy accumulation.

OxE405 CFWATTHR R 32 5 00000000 Phase C fundamental active enargy accumulation.

OxE406 AVARHE [ 2 5 (00000000 Phase A total reactive enengy accumulation,

OxEADT BVARHR R 32 5 O O0000000 Phase B total reactivie energy accumulation.

OE408 CVARHR R 32 5 O0000000 Phasa C total reactive enargy accumulation.

OxE4049 AFVARHR R 32 5 00000000 Phase A fundamental reactive energy accumulation.

OxE40M BFVARHRA R 32 5 00000000 Phase B fundamental reactive energy accumulation.

oxE40B CFVARHR R 32 5 OMO0000000 Phase C fundamental reactive energy accumulation.

OE40C AVAHR R 32 5 (00000000 Phase A apparent energy accurmulation,

oxkE4oD BVAHR R 32 5 O OO000000 Phase B apparent energy accumulation,

OxE40E CVAHR R 32 5 00000000 Phase C apparent enargy accumulation.

"R = read only.
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7.4.4 Configuration an Power Quality Registers (#1792 — Address range: OxE500 to OxEBFF)

Table 42. Configuration and Power Quality Registers

Reglster Bit Bit Length During Default

Address | Name RW? Length | Communication® | Type® | Value* Description

UnES00 IPEAK R 32 32 U M Current peak register (see Figure 70 and
Table 43 for mone information)

oxEsm VPEAK R 32 3z u M/A Voltage peak register (see Figure 70 and
Table 44 for more information).

owEsnz | STATUSD AN 12 32 u N/A Interrupt Status Ragister 0 (see Table 451,

OwESO3 STATUST R 32 32 U M/A Interrupt Status Register 1 {see Table 46).

nES04 Resarved These addresses should not ba written for

to proper oparation.

iy i

owEsoT | OIVL AW 24 ki u oFFFFFF Cwercurrent thrashold.

oxEsDE OVLVL AW 24 3z 7p U 0ndFFFFFF Owervoltage threshold.

OxESQo SAGLVL R 24 327P U (ea000000 Voltage sag level thrashold.

OnESDA MASKD R 12 iz U 000000000 | Interrupt Enable Register O (see Table 47)

OxESOB MASK1 RAW 32 32 U 000000000 | Interrupt Enable Register 1 (sae Table 48).

oxEsnC 1AW R 24 325E 5 MiA Instantaneous value of Phase A current.

OnEsoly | IBWY R 24 325E 5 MiA Instantaneous value of Phase B current.

OnEsoE oWy R 24 3Z5E 5 MiA Instantaneous value of Phase C current.

owEsOF | INWY ) 24 325E 5 N/A Instantaneous value of neutral current,

kS0 VAWY R 29 325k 5 M/ Instantaneous value of Phase A voltage.

oxES11 VEWW R 24 325E 5 M/A Instantaneous value of Phase B voltage.

owEs12 | VOWY ) 24 325E 5 N/A Instantaneous value of Phase C voltage.

ovES13 VAZWY R 24 32SE 5 M/A Instantaneous value of Phase A V2P voltage.

OxES14 VEXWY R 24 325k 5 /A Instantaneous value of Phase B V2P voltage.

OxES15 VCzwWY R 24 32 5E 5 M/ Instantaneous value of Phasa C V2P voltage.

mEs16 WVHWY R 24 325E 5 MW/ Instantaneous value of neutral line V1P
vaoltage.

owES17 VH2WY R 24 325SE 5 /A Instantaneous value of neutral line V2P
valtage.

OnEsa AWATT R 24 325k 5 MiA Instantaneous value of Phase A total active
proweer,

owES19 BWATT R 24 325E 5 M/A Instantaneous value of Phase B total active
pover,

OESTA | CWATT ) 24 325E 5 N/A Instantaneous value of Phase C total active
power.

oxEs1B AVAR R 24 325E 5 M/A Instantaneous value of Phase A total
reactive power.

owEs1C BVAR R 24 325E 5 WA Instantaneous value of Phase B total
reactive power.

wES1D | CVAR ) 24 325E 5 M/A Instantaneous value of Phase C total
reactive power,

OxESTE AVA R 24 325E 5 /A Instantaneous value of Phase A apparant
poweer.

owESTF BVA R 24 325E 5 M/A Instantaneous value of Phase B apparent
pover,

OxES20 CWA R 24 32 5E 5 M/ Instantaneous value of Phase C apparent
proweer,

oxEs21 ANTHD R 24 327p 5 N/ Total harmonic distortion of Phase A voltage.

opbszz | AITHD " 24 32 I 5 M Tedal harmondc dstortion of Phase A cunent.

oxEs23 BVTHD R 24 a2 zp 5 M Total harmonic distortion of Phase B voltage

owES24 BITHD R 24 32 7p 5 M/A Tetal hamnonic distortion of Phase B current.

ES2S CVTHD ) 24 32 7P 5 M/A Total harmonic distartion of Phase C voltage,

OnEs2e CITHD R 24 Eriy 5 MW/ Total harmonic distortion of Phase C curment.

©Wesley Cottegnie
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Register Bit Bit Length During Default

Address | Name RW! Length | Communication® | Type® | Value® Description

oxEs27 Reserved Thase addresses should not be written for

to propear oparation.

OxES2F

OxES30 MVRMS R 24 3z ipP 5 N/ Neutral line V1P voltage rms vablue,

OxES31 NV 2RMS R 24 327p 5 N/A Neutral line VP voltage rms value.

OxE532 CHECESUM | R 32 32 u meBFa7203 | Checksum verification (see the Chacksurm
Register section for more information).

OxES33 YROM W 24 3z ipP 5 OXO00000 Nominal phase voltage rms used in the
Alternative computation of the apparant
[power,

OxES34 Reserved These addresses should not be written for

to proper opearation.

oxES36

oxES37 | AFIRMS R 4 ERNiY 5 M/A Phase A fundamental current rms value,

OxES38 AFVEMS R 24 3z ipP 5 N/A Phase A fundamental voltage rms value,

OxE530 BFIRMS R 24 327p 5 N/A Phase B fundamental current rms value.

OxES3A BFVRMS R 24 32 7P 5 N/A Phase B fundamental voltage rms value.

oxES3B CFIRMS R 24 3z zp 5 /A Phase C fundamental current rms value

OxES3C CFVEMS R 24 327pP 5 N/A Phase C fundamental voltage rms value.

0xES3D | Reserved These addresses should not be written for

to proper operation.

oESFE

OxESFF LAST R 3z 32 u N/A Contains the data from the last successful

RWDATAZ2 32-bat register communication

oxEGDO PHSTATUS R 16 16 U 0y Phase peak register (see Table 49).

(S ANGLED R 16 16 u MAA Tirrse Dekyy O (see the Time Interal Betwesen
Phases section for more infarmation),

i E ANGLE1 R 16 16 u M Time Delay 1 (see the Timse Interval Betwaen
Phases section for more information).

oxE603 ANGLEZ R 16 16 U N Time Delay 2 (see the Time Interval Betwean
Phiasas saction for more information).

OEGO4 Reserved These addresses should not be written for

to proper aperation.

oxE60T

B PHNOLOAD | R 16 16 u M Phase no load register (see Table 50).

OxE609 Reserved These addresses should not be written for

to proper operation.

oxEGOR

OxE6OC | LINECYC W 16 16 u xFFFF Line cycle accumulation mode count.

oxEs0oD | ZXTOUT W 16 16 U OxFFFF Lero-crossing timeout count.

OxE6OE COMPMODE | R'W 16 16 U o0 FF Computaticn mode registar (see Table 51).

oEaOF Reserved This address should not be written for
proper operation.

oxEa10 CFMODE W 16 16 U Ox0ERE CFx configuration register (see Table 52).

oxE&11 CF1DEN W 16 16 U D000 CF1 denominator.

oE612 CF2DEM W 16 [ u (o0 CF2 denorminator.

OxEG12 CF3DEN W 16 16 U o000 CF32 dencminator.

oxE614 APHCAL RAW 10 16 2P u o000 Phase calibration of Phase A {see Table 53).

B BPHCAL RAW 4] 16 2P U 00000 Phase calibration of Phase B (see Table 53).

oxEG16 CPHCAL RW [ 16 ZP u D000 Phase calibration of Phase C {see Table 53).

oEs17 PHSIGN R 16 16 U Ly Power sign ragister (see Table 54).

OxE618 CONFIG W 1] 16 u Oxnon ADETa78 configuration register (see Table 55).

oxEG19 Reserved These addresses should not be written for

to proper operation.

oxEGFF

©Wesley Cottegnie
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Reqglster Bit Bit Length During Default

Address | Name RW' | Length | Communication’ | Type' | Value' Description

k700 MMODE RN 8 B u o1C Measurement mode register (see Table 56),

oxEs0 ACCMODE R 8 8 u OxE0 Accumulation mode register (see Table 57).

E702 LCYCMODE | RW & & u 0u78 Line accumulation mode behavior (see
Table 59).

oEr03 | PEAKCYC W 8 B u o0 Peak detection half line cyches,

oxE7D4 SAGCYC R B 8 u 000 Sag detection half line cycles.

oxE705 CRCYC R 8 a8 u Erin)| Mumber of CF pulsas between two
consecutive enargy latches (see the
Synchronizing Energy Registers with the
CFx Qutputs saction).

owEroe | HSDC_CFG | AW 8 B u ] HS0C configuration ragister (sea Tablke 60),

ouE7o7 Version R 8 8 u Version of die.

oxE708 COMFIG3 R 8 8 u 0m0F ADE7933/ADET932 or ADEF023
configuration register (see Table 61).

OxE709 ATEMPOS R 8 8 5 MR Phase A ADEFS33/ADETS32 temperature
semsor offset (see the Second Voltage
Channel and Temperatune Maasuremeant
section)

OxE7OA BTEMPOS R 8 8 5 M/A Phase B ADET933/ADE7932 temperature
sensor offset (see Second Voltage Channel
and Temperature Measurement saction)

OxE7OB CTEMPOS R B B 5 MiA Phase C ADE7933/ADET32 temperature
sansor offsel (see Second Voltage Channel
and Temperature Measurement section

oxE70C | NTEMPOS R B 8 5 Y MNeutral line ADE7923 or ADE7933/ADET932
temiperature sensor offset (see Second
Veltage Channel and Temperature
Measurement section)

oxE7Ol | Reserved These addresses should not e written for

to proper oparation.

oxE7E2

OME7E3 Resorvod RW B8 B u MW/A Internal register used inconjunction with
the intermal register at Address 0xETFE to
enablefdisable the protection of the D5P
RAM-based registers (see the Digital Signal
Processor section for mone information).

OxE7E4 Resarved These addressaes should not be writtan for

to proper cperation.

xEFFC

OwEFFD [ LAST_ H 8 8 u M/A Contains the data from the last successful

RWDATAR &-hit register communication,

OxE7FE Resarved W 8 8 u MR Imternal register used inconjunction with
the intermal register at Address 0xETES to
enabie/disabie e protection of the 5P
RAM-based registers (see the Digital Signal
Processor section for more information)

oxE7FF Resarved These addresses should not be writtan for

to proper operation.

oxEa0

oxEooz | APF ] 16 16 u N/A Phiase A posver factor.

oxEa03 BPF R 16 16 u /A Phase B power factor.

oxEo04 CPF R 16 16 u /A Phase C power factor.

oxE90s | APERIOD R 16 16 u N/A Line period on Phase A voltage.

oxEoDs BFRERIOD R 16 16 u MN/A Line pericd on Phase B voltage.

oxEon7 CPERIOD R 16 16 u Ty Line pericd on Phase C voltage.

OxEsns | APNOLOAD | RAW 16 16 u (D000 Mo load threshakd in the totalfundamental

active power datapath

©Wesley Cottegnie
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Register Bit Bit Length During Default

Address | Mame RW Length | Communication’ | Type® | Value* Description

OxE909 VARMOLOAD | R'W 16 16 U 0000 Mo lead threshold in the total/fundamental
reactive power datapath.

O ES0A VANOLOAD | RW 16 16 u (ng000 Mo load threshold in the apparent power
datapath.

oxE90B Reserved These addresses should not be written for

to proper operation.

oEaFD

omE9FE LAST ADD R 16 16 U WA Contains the address of the register accessed
during the last succassful read or write
aperation,

OxE9FF LAST R 16 16 u WA Contains the data from the last successful

RWDATATS 16-hit register communication

OxEADD COMFIG2 RW 8 a u 00 Configuration register (see Table 62).

oEADT LAST_OF R 8 8 u M/ Indicates the type (read or write) of the Last
successiul read or write operation,

OxEADZ WTHR RW 8 8 u w03 Threshold used in phasa total Tundamental
active energy datapath.

OxEAD3 VARTHR RAW 8 g u w03 Threshold used in phase total/fundamental
reactive energy datapath.

oxEAD4 | VATHR RwW B a8 u w03 Threshold used in phase apparent enengy
datapath.

OxEADS Reserved B g These addresses should not be written for

o proper operation.

OXEBFE

owERFF Reserved 8 8 This address can be used to manipulate the
S5/HSA pin when 5Pl is chosen as the active
port. See the Serial Interfaces saction for
more information.

"R = read anhy; AW = read and wilte.

732 7P = 24-bit signed or unsigned reglster that 1s transmitied as a 32-bit word with caght MSEs padded with 0s. 37 SF = 24-bit signed register that 1s transmitied asa
32-bit word slgn extended to 32 bits. 16 7P = 10-bit unsigned register that & transmittted as a 16-bit weord with slx MSEs padded with 0s.

U = unslgned register; S = signed reglster Intwos complement format.

WA = not applicable,

7.4.5 |PEAK (Address OxE500 — Length 32 bits)

Table 43. IPEAK Register (Address 0xE500)

Bits Bit Nama DefaultValue | Description

[23:0) IPEAKVALL23:0] 0 These bits contain the peak value determined in the current channel.

24 IPFHASE[O] 0 Whan this bit is set to 1, the Phase A current generated the IPEAKVAL[23:0] value.
25 IPPHASE[1] 0 When this bit is set to 1, the Phase B current generated the IPEAKVAL[23:0] value,
26 IPFHASE]2] 0 When this bit is set to 1, the Phase C ourrent generated the IPEAKVAL]23:0] value,
[31:27] 00000 These bits are always set to 0.

7.4.6 VPEAK (Address OxE501 — Length 32 bits)

Table 44. VPEAK Register (Address 0xE501)

Bits Bit Nama DefaultValue | Dascription

[23:0] VPEAEMAL[23:0] | O These bits contain the peak value determined in the voltage channel,

24 VPPHASE[D] 0 When this bit is s5et to 1, the Phase A voltage generated the VPEAKVAL[23:0] value.
25 VPPHASE[1] 0 When this bit is sat to 1, the Phase B voltage generated the VPEAKVAL[23:0] value.
26 VPPHASE[2] 0 When this bit is set to 1, the Phase C voltage generated the VPEAKVAL23:0] value.
[31:27] 00000 These bits are always set to 0.
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7.4.7 STATUSO Register (Address OxE502 — Length 32 bits)

Table 45. STATUS0 Register (Address 0xE502)

Bits

Bit Name

Default Value

Description

0

1

AEHF
FAEHF
REHF
FREHF
VAEHF
LEMERGY

REVAPA

REVAFPE

REVARC

REVPSLIMI

REVRPA

REVRFE

REVPSUIM2

Ck

CF2

CF3

DREADY

REVPSLIMZ

Reserved

0

0

0

0 OO0 OO0

When this bit is set to 1, it indicates that Bit 30 in one of the total active energy reagisters
(AWATTHR, BWATTHR, or CWATTHRE) has changed.

When this bit is set to 1, it indicates that Bit 30 in one of the fundamental active energy
registers (FWATTHR, BFWATTHR, or CFWATTHR) has changed.

When this bit is set to 1, it indicates that Bit 30 in one of the total reactive energy registers
(AVARHE, BVARHR, or CVARHR) has changed.

Whien this bit is set to 1, it indicates that Bit 30 in one of the fundamental reactive enargy
registers (AFVARHR, BFVARHR, or CFVARHR) has changed,

When this bit is set to 1, itindicates that Bit 20 in one of the apparent energy registers
(AVAHR, BVAHR, or CVAHR) has changed.

When this bit is set to 1, it indicates the end of an integration over the integer number of
half lime cycles set in the LINECYC register (line cycle energy accumulation mode).

When this bit is set to 1, it indicates that the Phase A active power (total or fundamental)
identified by Bit 0 (REVAPSEL) in the MMODE register has changed sign. The sign itself is
indicated in Bit O (AWSIGN) of the PHSIGN register (see Table 54),

Wheen this bit is set to 1, it indicates that the Phase B active power (total or fundamental)
identified by Bit 0 (REVAPSEL) in the MMODE register has changed sign. The sign itsalf is
indicated in Bit 1 (BWSIGN) of the PHSIGHN register (see Table 54).

When this bit is set to 1, it indicates that the Phase C active power (total or Tundamental)
identified by Bit 0 (REVAPSEL) in the MMODE register has changed sign. The sign itself is
indicated in Bit 2 (CWSIGHN) of the PHSIGN register (see Table 54).

Whien this bit is set to 1, it indicates that the sum of all phase powers in the CF1 datapath
has changed sign, The sign itself is indicated in Bit 3 (SUM15IGN) of the PHSIGN register
(sea Table 54).

Wheen this bit is set to 1, it indicates that the Phase A reactive power (total or fundameantal)
identified by Bit 1 (REVRPSEL) in the MMODE register has changad sign. The sign itself is
indicated in Bit 4 (AVARSIGN) of the PHSIGN reqgistar (see Table 54).

When this bit is set to 1, it indicates that the Phase B reactive power (total or fundamental)
icdesnitified by Bit 1 (REVRPSEL) in the MMODE register has changed sigm. The sign itsell is
indicated in Bit 5 (BVARSIGM) of the PHSIGN register (sea Table 54)

When this bit is set to 1, itindicates that the Phase C reactive power (total or fundamental)
identified by Bit 1 (REVRPSEL) in the MMODE register has changad sign. The sign itself is
indicated in Bit & (CVARSIGN) of the PHSIGN register (see Table 54).

When this bit is set to 1, itindicates that the sum of all phase powers in the CF2 datapath
has changed sign. The sign itsalf is indicated in Bit 7 (SUM25IGN) of the PHSIGN ragistar
(s Table 54).

When this bit is set to 1, it indicates that a high to low transition has occurred at the CF1
pir; that is, an activie low pulse has been generated. This bit is set even if the CF1 output is
disabled by setting Bit 9 (CF1D45) to 1 in the CFMODE register. The type of power used at
the CF1 pin is determined by Bits|2-0] (CF15EL[2:0]) in the CFMODE register (see Table 52),
Wheen this bit is set to 1, it indicates that a high to low transition has occurred at the CF2
pin; that is, an active low pulse has been generated. This bit is set even if the CF2 output is
disabled by setting Bit 10 ({CF2DIS) to 1 in the CFMODE reqister. The type of power used at
the CF2 pin is detarminad by Bits[5:3] (CF25EL[2:0]) in the CFMODE register (see Table 52).

When this bit s set to 1, it indicates that a high to low transition has occurmed at the CF3
ping that is, an active low pulse has been generated. This bitis set even if the CF3 output is
disabled by setting Bit 11 (CF3015) to 1 in the CFMODE reqgister. The type of power used at
the CF2 pin is determined by Bits[8:6] (CF3SEL[2:0]) in the CFMODE register (see Table 52),
Whien this bit is set to 1, it indicates that all pericdical (& kHz rate) D5P computations have
finished.

Whien this bit is set to 1, it indicates that the sum of all phase powers in the CF2 datapath

Va3 CHIATIgTi et (81 3HgE S 13 AT AU B LML O | ) LTS § 8l e T
(sea Table 54).
Reserved, These bits are always set to 0,
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7.4.8 STATUSI Register (Address OxE503 — Length 32 bits)

Table 46. STATUSI Register (Address 0xE503)

Bits Bit Name Default Value | Description

0 MLOAD 0 When this bit is set to 1, it indicates that at least one phase entered or exited the no load
condition based on the total active and reactive powers, The phase is indicated in Bits[2:0]
(NLPHASEx]) in the PHNOLOAD register (see Table 50),

1 FHLOALY 1] When this bit is set to 1, it indicates that at least one phase entered or exited the no load
condition based on the fundamental active and reactive powers. The phase is indicated in
Bits[5:3] (FNLPHASE[x]) in the PHNOLOAD register (sea Table 50).

2 VANLOAD 4] When this bit is set to 1, it indicates that at least one phase entered or exited the no load
condition based on the apparent power. The phase is indicated in Bits[&:6]) (VANLPHASE[x])
in the PHNOLOAD register (sea Table 50).

3 ZXTOVA ] When this bit is set to 1, it indicates that a zero crossing on the Phase A voltage is missing.

4 IXTOVE 1] When this bit is set to 1, it indicates that a zero crossing on the Phase B voltage is missing.

5 IXTOVC 4] When this bit is set to 1, it indicates that a zero crossing on the Phase C voltage is missing.

3] LXTOA ] When this bit is set to 1, it indicates that a zero crossing on the Phase A current is missing.

7 ZXTCHE Q When this bit is set to 1, it indicates that a zero crossing on the Phase B current is missing.

é EXTO 0 When this bit is set to 1, it indicates that a zero crossing on the Phase C curment is missing.

9 ZEVA L] When this bitis set to 1, it indicates that a zero crossing was detected on the Phase A voltage.

10 XV [i] Whan this bit is set to 1, it indicates that 2 2ero crossing was datactad on the Phase B voltage.

1" FAS 0 Whien this bit is set to 1, it indicates that a 2ero crossing was defected on the Phase C voltage.

12 ZXIA ] When this bit is set to 1, itindicates that a zero crossing was detectad on the Phase A current.

13 ZXIB 4] Whan this bit is set to 1, it indicates that a zero crossing was detactad on the Phase B currant.

14 LXIC ] When this bit is set to 1, itindicates that a zero crossing was detected on the Phase C ourrent.

15 RSTDONE 1 At the end of a hardware or software reset, this bitis set to 1, and the TR pin goes low.
To clear this interrupt and return the TG pin high, wiite 2 1 to this bit. The RSTDONE
interrupt cannot be masked: therefore. this bit must abways be reset to 0 for the TROT pin
to return high.

16 5ag Q When this bit is set to 1, it indicates that a sag event occurred on the phase indicated by
Bits[14:12] (VSPHASE]x]) in the PHSTATUS register (see Table 49).

17 o 0 When this bit is set to 1, it indicates that an overcurrent event accurmed on the phase
indicated by Bits[5:3) (QIPHASE[X]) in the PHSTATUS register (see Table 49).

18 o ] When this bit is set to 1, it indicates that an overvoltage event cccurred on the phase
iredicated by Bits] 17:9] (OVPHASE[x]) in the PHSTATUS register (see Table 49).

19 SEQERR 1] When this bit is set to 1, it indicates that a negative to positive zero crossing on the
IR M VUTLUE WdD TRV LAY o DISUUVE DL LAUPSIUIVE CET U LTSS L W R e
voltage instead of on the Phase B voltage.

20 MISMTCH 0 When this bit is set to 1, it indicates that |[ISUM| — [INWV|| = [ISUMIVL|, where ISUMLVL is
the value of the ISUMLVL register (Address tx4398). For more information, see the Newtral
Current Mismatch section.

21 Reserved 1 Resarved. This bit is always set to 1.

22 Reserved 0 Resarved. This bit i ahways set to 0.

23 PRI 0 When this bit is set to 1, it indicates that the period used to detect the peak value in the
current channel has ended, The IPEAK register contains the peak value and the phase
whaere the peak was detectad (see Table 43).

24 PRV 1] When this bit s set to 1, it indicates that the period used to detect the peak valua in the
voltage channel has ended, The VPEAK register contains the peak value and the phase
where the peak was detected (see Table 44).

25 CRC 4] When this bit is set to 1, it indicates that the ADE79728 has computed a chacksum value
that is different from the checksum value computed when the run register was sat to 1.

[31:26] Reserved 00 0000 Reserved. Thesa hits are always set to 0
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7.4.9 MASKO Register (Address OXxES0A — Length 32 bits)

Table 47. MASKD Register { Address 0xE50A)

Bits

Default Value

Description

]

1

AEHF
FAEHF
REHF
FREHF
VAEHF
LEMERGY
REVAPA
REVAPE
REVAPC
REVPSUM1
REVRPA
REVRPE
REVRPC
REVPSLIMZ

CF1

CF2

CF3

DREADY
REVPSUM3

Reserved

0

0

[i]

00000 0000

When this bit is set to 1, it enables an interrupt when Bit 20 changes in any of the total
active energy registers [(AWATTHR, BWATTHR, or CWATTHR).

When this bit is set to 1, it enables an interrupt when Bit 30 changes in any of the
fundamental active energy registers (AFWATTHE, BEWATTHR, or CFWATTHR].

When this bit is set to 1, it enablas an intarrupt when Bit 30 changes in any of the total
reactive enargy registers (AVARHR, BVARHR, or CVARHR).

When this bit is set to 1, it enables an interrupt when Bit 20 changes in any of the
fundamental reactive energy reqisters (AFVARHE, BRVARHE, or CFVARHR).

Whion this bit is set to 1, it enables an interrupt when Bit 30 changes in any of the apparent
energy registers (AVAHR, BVAHR, or CVAHR)

Whean this bit is set to 1, it enables an intermupt at the end of an integration over the integer
mumiber of half line cycles set in the LINECYC register (line cycle energy accumulation maode).
When this bit is set to 1, itenabkes an interrupt when the Phase A active power (Total o
fundamental) identified by Bit O (REVAPSEL) in the MMODE register changes sign.

When this bit is set to 1, it enables an interrupt when the Phase B active power (total o
fundamental) identified by Bit 0 (REVAPSEL) in the MMODE register changes sign.

When this bit is set to 1, it anablas an intarrupt when the Phase C active power (total or
fundamental) identified by Bit o (REVAPSEL) in the MMODE register changes sign.

When this bit i set to 1, itenables an interrupt when the sum of all phase powers in the
CF1 datapath changes sign.

Whon this bit is set to 1, it enables an interrupt when the Phase A reactive power (total or
fundamental) identified by Bit 1 (REVRPSEL) in the MMODE registor changes sign,

When this bit is set to 1, it enables an intarrupt when the Phase B reactive power (total or
fundamental) identified by Bit 1 (REVRPSEL) in the MMODE register chamnges sign.

When this bit is set to 1, itenables an interrupt when the Phase C reactive power (total or
fundamental) identified by Bit 1 (REVRPSEL in the MMODE register changes sign.

When this bit is set to 1, it enables an interrupt when the sum of all phase powers in the
CF2 datapath changes sign.

When this bit is set to 1, it enables an interrupt when a high to low transition occurs at the
CF1 pin; that is, an active low pulsa is genaratad. The interrupt can be enabled even if the
CF1 output is disabled by setting Bit @ (CF1DM5) to 1 in the CFMODE register. The type of
power used at the CF1 pin is determined by Bits[2-0] ({CF15EL[2:0]) in the CFMODE register
(sea Table 52).

When this bit is set to 1, itenables an interrupt when a high to low ransition occurs at the
CF2 pin; that is, an active low pulsa is genarated. The intermupt can be enabled evan if the
CF2 output is disabled by setting Bit 10 (CF2015) to 1 in the CFMODE register. The type of
power used at the CF2 pin is determinad by Bits[5:3] (CF25EL[2:0]) in the CFMODE registar
(s Table 52),

When this bit is set to 1, it enables an interrupt when a high te low transition occurs at the
CF3 pin; that is, an active low pulse s generated. The intermupt can be enabled even if the
CF3 output is disabled by setting Bit 11 (CF30I5) to 1 in the CFMODE register. The type of
power used at the CF3 pin is determined by Bits[8:6] (CF35EL[2:0) in the CEMODE register
{see Table 52).

When this bit is set to 1, it enablas an intarrupt when all periodical (8 kHz rate) DSP
computations finish.

When this bit is set to 1, it enabkes an interrupt wihen the sum of all phase powers in the
CF3 datapath changes sign.

Reserved. These bits do not manage any functionality.
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7.4.10 MASK1 Register (Address OxE50B — Length 32 bits)

Table 48. MASK1 Register (Address 0xES0R)

Bits Bit Name Default Value | Description

] MLOAD i When this bit is set to 1, it enables an intermupt when at least one phase enters the no load
condition based on the total active and reactive powers,

1 FHLOAD 0 When this bit is set to 1, it enables an intenrupt when at least one phase enters the no lead
condition based on the fundamental active and reactive powers.

2 VANLOAL 0 When this bit is set to 1, it enables an intermupt when at least one phase enters the no load
condition based on the apparent power,

3 ZXTOVA 0 When this bit is set to 1, it enables an interrupt when a zero crossing on the Phase A
voltage is missing

4 IXTOVE 0 When this bit is set to 1, it enables an intermupt when a zero crossing on the Phase B
voltage is missing.

5 LXTOVC i When this bit is set to 1, it enables an interupt when a 2ero crossing on the Phase C
voltage is missing.

& ZXTOWA 0 When this bit is set to 1, it enablos an interrupt when a zero crossing on the Phase A
current is missing

7 ZXTOIR 0 When this bit is set to 1, it enablas an intenmupt when a zaro crossing on the Phase B
curent is missing.

i FXTONC 0 When this bit is set to 1, it enables an interrupt when a zero crossing on the Phase C
curment is missing.

9 IXVA a When this bit is set to 1, it enables an intermupt when a zero crossing is detected on the
Phase A voltage.

10 VR 0 When this bit is set to 1, it enables an intermupt when a zaro crossing is detected on the
Phase B voltage.

1 FENC i When this bit is set to 1, it enables an interrupt when a zero crossing is detected on the
Phase C voltage.

12 ZXIA 0 When this bit is set to 1, it enables an intenmupt when a zero crossing is detected on the
Phase A current.

13 ZXIE 0 When this bit is set to 1, it enables an intenmupt when a zaro crossing is detectad on the
Phase B current.

14 £XIC 0 When this bit is set to 1, it enables an intermupt when a zero crossing is detected on the
Phase C current.

15 RSTDOME i} Because the RSTDONE intarrupt cannot be disabled, this bit has no function. It can be set
to 1 or cleared to 0 with no effect on the devica.

ia Sad i Wi 1S it i et o it enabies an ineiint wiien a sad eveint eocis on the bhase
Irelirarest r‘u_.' h'.l'l'*:! 1481 'J! I H ﬂ.'HI-!'l'!I i Thas BFHM LA r.ne_ﬁ_nc.mr dess 1kl JII'-I_I

17 o 0 When this bit is set to 1, it enables an interrupt when an overcurrent event occurs on the
phase indicated by Bits[5:3] (CIPHASE[x]) in the PHSTATUS register {see Table 49).

18 ov 0 When this bit is set to 1, it enablas an interrupt when an overvoltage event ocours on the
phase indicated by Bits[11:9) {OVPHASE[x]) in the FHSTATUS register (see Table 49).

149 SECQERR 0 When this bit is set to 1, it enables an interrupt when a negative to positive zero crossing
an the Phase A voltage is followed by a negative to positive 2efo crossing on the Phase C
voltage instead of on the Phase B voltage,

20 MISMTCH 0 When this bit is set to 1, it enables an interrupt when [JISUM] — |[INWV]| > ISUMLVL], whera
ISUIMLVL is the value of the ISUMLVL register {Address Oxd4308), For more information, see
the Meutral Current Mismatch section

[22:21] Reserved i1} Resarved. These bits do not manage any functionality.

23 PKI 0 When this bit is set to 1, it enables an interrupt when the pericd used to detect the peak
value in the current chanmnel has ended.

24 PEV a When this bit is set to 1, it enables an intenrupt when the pericd used to detect the peak
value in the voltage channel has ended.

25 CRC 0 When this bit is set to 1, it enables an interrupt when the latest checksum value is different
from the checksum value computed when the run register was setto 1.

[31:26] Reserved 00 0000 Resarved. Thesa bits do not manage any functionality,
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7.4.11 PHSTATUS Register (Address OXE600 — Length 16 bits)

ADE7978/ADE7933/ADET332/ADET923

Table 49. PHSTATUS Register { Address 0xFa00)

Bits Bit Name Default Value | Description

[#0] Reserved 000 Feserved These bits are always set to 0,

3 OIPHASE[D) 4] When this bit is set to 1, the Phase A current generates Bit 17 (O) in the STATUS1 register.
4 OIPHASE[] 4] When this bit is set to 1, the Phase B current genarates Bit 17 (O0) in the STATUS1 register.
5 QIPHASE[2] 0 When this bit is set to 1, the Phase C current generates Bit 17 (01 in the STATUST register,
[8:5] Reserved 000 Reserved. These bits are always set to 0.

9 OVPHASE[D] 0 When this bit is set to 1, the Phase A voltage generates Bit 18 (OV) in the STATUST register.
10 OVPHASE[1] ] When this bit is set 1o 1, the Phase B voltage generates Bit 18 (OV) in the STATUST register.
1 OVPHASE]2] 0 When this bit is set to 1, the Phase C voltage generates Bit 18 (OV) in the STATUS registar.
12 VEPHASE[D) 4] When this bit is set to 1, the Phase A voltage generates Bit 16 (sag) in the STATUST registar.
12 VSPHASE[1] i When this bit is sat to 1, the Phase B voltage genarates Bit 16 (sag) in the STATUS1 register,
14 VSPHASE[2) 4] Whien this bit is set to 1, the Phase C voltage generates Bit 16 (sag) in the STATUST register.
15 Reserved 0 Reserved. This bit is always set to 0.

7.4.12 PHNOLOAD Register (Address OxE608 - — Length 16 bits)

Table 50. PHNOLOAD Register (Address 0xE608)

Bits

Default Value

Dascription

0

NLPHASE[0]

0

0= Phase A is out of the no load condition based on the total active and reactive powers,

1: Phase A is in the no load condition based on the total active and reactive powers. This
bit is sat together with Bit 0 (NLOAD) in the STATUS1 register.

NLPHASE[1]

- Phase B is out of the no load condition based on the total active and reactive powers.
1: Phase B is in the no load condition basad on the total active and reactive powers. This
bit is st together with Bit 0 (NLOAD) in the STATUST register,

NLPHASE[2]

0 Phase C is out of the no load condition based on the total active and reactive powers.

1= Phase C is in the no load condition based on the total active and reactive powers. This
hit is set together with Bit 0 (NLOAL) in the STATUST register,

FHLPHASE[D]

0 Phase A i out of the no load condition based on the fundamental active and reactive
POWETS.

1: Phase A is in the no load condition based on the fundamental active and reactive
powers. This bit is set together with Bit 1 (FNLOAD) in the STATUS1 register.

FNLPHASE[1]

0: Phase B is out of the no load condition based on the fundamental active and reactive
powWers.

1: Phase B is in the no load condition based on the fundamental active and reactive
powers. This bit is set together with Bit 1 (FNLOAD) in the STATUS 1 register.

FNLPHASE[2]

0 Phasa C is out of the no load condition based on the fundamental active and reactive
powars.

1: Phase C is in the na load condition based on the fundamental active and reactive
powiers. This bit is set together with Bit 1 (FRNLOAD) in the STATUS1 register.

VANLPHASE[0]

0= Phase A is out of the no load condition basad on the apparent power.

1: Phase A is in the no load condition based on the apparent power. This bit is set together
with Bit 2 (VANLOALY) in the STATUST register.

VANLPHASE[1]

0 Phase B is out of the no load condition based on the apparent power,

1: Phase B is in the no load condition basad on the apparent power. This bit is set together
with Bit 2 (VANLOALD) in the STATUS1 register.

VANLPHASE[Z]

0 Phase C is out of the no load condition based on the apparent power.

1: Phase C is in the no load condition based on the apparent power. This bit is set together
with Bit 2 (VANLOALDY in the STATUS1 register.

[15:4]

Reserved

000 D00

Reservad These bits are always set to 0.
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7.4.13 COMPMODE Register (Address OXxE60E — Length 16 bits)

Table 51. COMPMODE Register (Address (xEs0E)

Bits

Bit Name

Default Value

Description

4]

TERMSELT[0]

1

0 Phase A ks not included in the CF1 output calculations.
1: Phase A is included in the CF1 cutput calculations. Setting the TERMSEL1[2:0] bits to 111
spadfies that the sum of all three phases is included in the CF1 output.

TERMSEL1[1]

0 Phase B is not included in the CF1 output caloulations.
1z Phase B is included in the CF1 output calculations. Setting the TERMSEL 1] 2:0] bits to 111
specifies that the sum of all three phases is Included in the CF1 output.

TERMSEL1[2]

(: Phase C s not includad inthe CF1 output calculations.

1= Phase C is included in the CF1 output calculations. Setting the TERMSEL 1[2:0] bits to 111
specifies that the sum of all throe phases is included in the CF1 output.

TERMSEL2{0]

0 Phase A bs not included in the CF2 output calculations.
1: Phase A is included in the CF2 cutput calculations, Setting the TERMSEL2[2:0] bits to 111
spedfies that the sum of all three phiases is included in the CF2 output.

TERMSELZ[1]

0: Phase B is not included in the CF2 output caloulations.

1= PFhase B is included in the CF2 output calculations. Setting the TERMSEL2{2:0] bits ta 111
specifies that the sum of all three phases 15 included In the CF2 output.

TERMSELZ[2]

0: Phase C s not included in the CF2 output calculations.

1= Phase C % included In the CF2 output calculations, Setting the TERMSEL2[2:0] bits to 111
spadifies that the sum of all three phases is incuded in the CF2 output.

TERMSEL3{0]

0 Phase A ks not included in the CF3 output calculations,
1: Phase A is included in the CF2 cutput calculations, Sotting the TERMSEL3[2:0] bits 1o 111
spedfies that the sum of all three phases is included in the CF2 output.

TERMSEL3[1]

( Phase B is not included in the CF2 output cakoulations.,

1z Phase B s included in the CF3 output calculations. Setting the TERMSEL3[2:0] bits to 111
spedfies that the sum of all three phases is included in the CF3 output.

TERMSEL3[2]

0 Phase C s not included in the CF3 cutput calculations.

1= Phase C is included in the CF3 output calculations. Setting the TERMSEL3[2:0] bits to 111
specifies that the sum of all three phases is included in the CF2 output,

[ro:a]

ANGLESEL[1:0]

i

o delays betwesn the voltages and currents of the same phase are measured,
07 delays botweon the phase voltages are measured.

10; delays batwean the phase currents are measured.

11: no delays are measurned,

11

[ VNOMAEN

| 0 thee apparent bower on Phase A b combuted normally by multiohing the voltaos rms

VLB Ly TN CUnIenin inm vaiie.
1: the apparent power on Phase A i computed by multiplying the phase rms curment by an
s voltage written to the YNOM rogister (Addross oxEs33),

YNOMBEN

(: the apparent power on Phase B is computed normally by multiplying the voltage rms
value by the current rms value.

1: the apparent power on Phase B is computed by multiphying the phase rms current by an
rrs voltage written to tha VNOM register (Address %5330

VNOMCOEN

0: the apparant power on Phase C is computad normally by multiplying the voltage rms
value by the current rms wvalue.

1: the apparent power on Phase C is computed by multiplying the phase rms current by an
rrmes voltage written o the VNOM register (Address onE533),

SELFREC

o ADE7978 s connected to a 50 Hz network,
1= ADE7978 is connected 1o a 60 Hz network,

Reserved

This hit 15 st to 0 by default and does not manage any functionality
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7.4.14 CFMODE Register (Address OxE610 — Length 16 bits)

Table 52. CFMODE Register {Address 0xEa10)

Bits Bit Name

Default Value

Description

[2:0] CF1SEL[2:0]

]

000: CF1 frequency is propartional to the sum of the total active powers on each phase
ictesritified by Bits[2:0] (TERMSEL1[x]) ir the COMPMODE register.

001: CF1 frequency is proportional to the sum of the total reactive powers on each phase
identified by Bits[2:0] (TERMSEL1[x]) in the COMPMODE register.

010: CF1 Trequency is proportional to the sum of the apparent powers on each phase
ictentified by Bits[2:0] (TERMSEL1[x]) in the COMPMODE register.

011: CF1 frequency is proportional to the sum of the fundamental active powers on each
phase identified by Bits|2:0] (TERMSEL1[x]) in the COMPMODE rogister.

100: CF1 frequency is proportional to the sum of the fundamental reactive powers on each
phase identified by Bits[2:0] (TERMSEL1[x]) in the COMPMODE register.

101, 110, 117: reserviad. The CF1 signal is not generated.

[5:3] CF2SEL[2:0]

001

000: CF2 frequency is proportional to the sum of the total active powers on each phase
identified by Bits[5:3] (TERMSEL2[x]) in the COMPMODE register.

007: CF2 frequency is proportional to the sum of the total reactive powers on each phase
identified by Bits|5:3] (TERMSEL2[x]) in the COMPMODE register.

010: CF2 frequency is proporticnal to the sum of the apparent powers on each phase
identified by Bits[5:3] (TERMSELZ([x]) in the COMPMODE register.

011: CF2 frequency is proportional to the sum of the fundamental active powers on each
phase identified by Bits[5:3] (TERMSEL2[x]) in the COMPMODE ragister,

100: CF2 frequency is proportional to the sum of the fundamental reactive powers on each
phase identified by Bits[5:3] (TERMSEL2[x]) in the COMPMODE register.

101, 110, 1112 reserved. The CF2 signal is not generated.

6] CF3SEL[2:0]

o010

000: CF3 frequency is propartional to the sum of the total active powers. on each phase
identified by Bits[8:6] (TERMSEL2[x]) in the COMPMODE register.

001: CF3 frequency is proportional to the sum of the total reactive powers on each phase
icdentified by Bits[g:6] (TERMSELZ([x]) in the COMPMODE register,

010: CF3 frequency is proportional to the sum of the apparent powers on each phase
identified by Bits[8:6] (TERMSEL3[x]) in the COMPMODE register.

011: CF3 frequency is proportional to the sum of the fundamental active powers on aach
phase identified by Bits[&:5] (TERMSEL3[x]) in the COMPMODE register.

100: CF3 frequency is proporticnal to the sum of the fundamental reactive powers oneach
phase identified by Bits|8:5] (TERMSEL3[x]) in the COMPMODE register.

100, 110, 111: reserved. The CF32 signal is not generated.

9 CRiDds

0 CF1 output is enablad.
1: CF1 output is disabled. The energy-to-frequency converter remains enabled.

[ CFaMS

0 CF2 output is enablad.
1: CF2 output is disabled. The energy-to-frequency canverter remains enabled,

n CFalis

0= CF3 output is enabled,
1: CF3 output is disabled. The energy-to-frequency converter remains enabled.

12 CFILATCH

O no latching of energy registers oocurs when a CF1 pulsa is generated.
1: the contents of the cormesponding energy registers ane latched when a CF1 pulse
is generated. See the Synchronizing Energy Registers with the CRx Outputs section.

[E] CFILATCH

0 no latching of enengy registers ocours when a CF2 pulse is generated.

1= the contents of the correspanding enerngy registers ane latched when a CF2 pulse is
generated, See the Synchronizing Energy Registers with the CRx Outputs section

14 CF3LATCH

0= no latching of enengy registers ocours when a CF3 pulse is generated.
1: the contents of the comesponding energy registers ane latched when a CF3 pulse is
generated. 5ee the Synchronizing Energy Registers with the CFx Outputs section.

©Wesley Cottegnie
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7.4.15 APHCAL, BPHCAL, CPHCAL Registers (Address: OxE614 — OxE615 — OxE616)

Table 53. APHCAL, BPFHCAL, CPHCAL Registers (Address 0xE614, Address 0xFE615, Address 0xE616)

Bits

Bit Name

Default Value

Description

[%0]

PHCALVAL

000000000

If cument channel compensation s necessary, these bits can be set fo a value from 0 To 383,
If voltage channel compensation is necassary, these bits can be set to a value from 512 to
895, If the PHCALVAL bits are set to values from 384 to 511, the compensation behawes in
the same way as when the FHCALVAL bits are set to values from 0 to 127 If the PHCALVAL
bits are sef to values from 896 to 1023, the compensation behaves in the same way a8
whien the PHCALVAL bits are set to values from 512 and 639

[15:10]

Reserved

Reserved. These hits do not manage any functionality.

7.4.16 PHSIGN Register (Address OxE617 — Length 16 bits)

Table 54. PHSIGN Register (Address 0xE617)

Bits Bit Name Default Value | Description

o AVSIGH ] 0 the Phase A active power (total or fundamental, as specified by Bit 0 (REVAPSEL) in the
MMODE register) is positive.
1: the Phase A active power (total or fundamental, as specified by Bit 0 (REVAPSEL) in the
MMODE ragistar) is negative.

1 BWSIGH Q (I the Phase B active power (total or fundamental, as specified by Bit 0 (REVAPSEL) in the
MMODE register) is positive.
1: the Phase B active power (total of fundamental, as specified by Bit 0 (REVAPSEL) in the
MMODE register) is negative.

2 CWSIGH 0 0 the Phase C active power (total or fundamental, as specified by Bit o (REVAPSEL) in the
MMODE reqisten) is positive.
1: the Phase C active power (total or fundamental, as specified by Bit o (REVAPSEL) in the
MMODE register) is negative.

3 SUMISIGN L] { the sum of all phase powaers in the CF1 datapath is positive.
1: the sum of all phase powers in the CF1 datapath is negative. Phase powers in the CF1
datapath are identified by Bits|2:0] (TERMSELT[x]} of the COMPMODE register and by
Eits[2:0] {CF15EL[2:0]) of the CFMODE register.

4 AVARSIGN 1] (I the Phase A reactive power (total or fundamental, as specified by Bit 1 (REVRPSEL) in the
MMODE register) is positive.
1: the Phase A reactive power (fotal or fundamental, as specified by Bit 1 (REVRPSEL) in the
MMODE ragistar) is negative.

5 BVARSIGN 4] (0 the Phase B reactive power (total or fundamental, as specified by Bit 1 (REVRPSEL) in the
MMODE ragistar) is positive.
1: the Phase B reactive power (total or fundamental, a5 specified by Bit 1 (REVRPSEL) in the
MMODE registen) is negative.

& CVARSIGN 0 0 the: Phase C reactive power (total or fundamental, as specified by Bit 1 (REVRPSEL) in the
MMODE reqisten) is positive.
1: the Phase C reactive power (total or fundamental, as specified by Bit 1 [REVRPSEL) in the
MMODE register) is negative.

7 SUM2SIGN L] { the sum of all phase powers in the CF2 datapath is positive.
1: the sum of all phase powers in the CF2 datapath is negative. Phase powers in the CF2
datapath are identified by Bits[5:3] (TERMSELZ[x]) of the COMPMODE register and by
Eits[5:3] {CF25EL[2:0]) of the CFMODE register.

g SUM3SIGN 1] 0c the sum of all phase powers in the CF3 datapath is positive.
1: the sum of all phase powers in the CF3 datapath is negative. Phase powers in the CF3
datapath are identified by Bits[8:6] (TERMSEL3[x]) of the COMPMODE register and by
Eits[a:6] (CF3SEL[2:0]) of the CFMODE registar.

[15:9] Reserved 000 0000 Reserved. These bits are always set to 0.
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7.4.17 CONFIG Register (Address OxE618 — Length 16 bits)

Table 55. CONFIG Register ( Address 0xE618)

Bits

Default Value

Description

[1:0]

LX_DREALDY

00

This bit manages the output signal at the ZXDREADY pin. For more information about the
Zero-crossing function, see the Zerc-Crossing Detection section.

00: DREADY functionality is enabled (see the Digital Signal Procassor section).

01: £X functionality is generated by the Phase A voltage.

10 ZX functionality is generated by the Phase B voltage.

11: £X functionality is generated by the Phase C voltage.

Reserved

Reserved. This bit is always set to 0.

Swap

1: the valtage channel outputs VA VB, VC, and VN are swapped with the curmant channel
outputs |4, 1B, IC, and IN, respectively. Thus, the currant channel information is present in
the phase voltage channel registers and vice versa,

HPFFEN

0 all high-pass filters in the voltage and current channels are disabled.
1: all high-pass filters in the voltage and current channels are enablod,

LPFSEL

This bit specifies the settling time introduced by the law-pass filter in the total active
power datapath.

0 settling time = 650 ms.

1: settling tima = 1300 ms.

HSDCEN

O HSDIC serial port is disabled and CF3 functionality is configured on the CF3/HACLK pin.
1: HADC serial port is enabled and HSCLK functionality is configured on the CF 3/HSCLK pin

SWRST

[=]

When this bit is set to 1, a software reset is initiated.

(@8]

VIOIA[1-0]

These bits select the phase voltage that is considerad togather with the Phase A curment in
the power path,

00: Phase A voltage.

01: Phase B woltage.

10 Phase C violtage.

11: reserved (same as VTOIA[1:0] = 00).

[11:10]

VTOIB[1:0]

Thiese bits select the phase voltage that is considered together with the Phase B current in
the power path.

00: Phase B voltage.

01: Phase C voltage.

10: Phase A voltage.

11: reserved (same as VICIE[1:0] = o0).

[13:12]

VTOIC[1:0]

Thiesa bits selact the phase voltage that is considerad together with tha Phase C current in
the power path,

0 Phase C voltage.

01: Phase A voltage.

10: Phiase B voltage.

17: reserved (same as VIO [ 1:0] = 00)

INSEL

0 the NIRMS register (Address ox4309) contains the rms value of the neutral current.

1: the NIRMS register contains the rms value of I5UM, the instantaneous value of the sum
of all threa phase currents, |A, 1B, and IC

Reserved

Reserved. This bit does not manage any functionality.
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7.4.18 MMODE Register (Address OxE700 — Length 8 bits)

Tahle 56. MMODE Register (Address 0xE700)

Bits Bit Name Default Value | Description

0 REVAPSEL ] This bit spacifies wheather the total active power o the fundamental active powear on
Phase A Phase B, or Phase C is used to trigger a bit in the STATUSO register. Phase A triggers
Bit & (REVAPA), Phase B trigagers Bit 7 (REVAPR), and Phase C trigoers Bit & (REVAPC).
0x The total active power is used to trigger the bits in the STATUSO register.
1: The fundamental active power is used to trigger the bits in the STATUSO register.

1 REVRPSEL 0 This bit spacifies whather the total reactive power or the fundamental reactive power on
Phase &, Phase B, or Phase C is used to trigger a bitin the STATUSO register. Phase A triggers
Bit 10 (REVREPA), Phase B triggers Bit 11 (REVRPE}, and Phase C triggers Bit 12 (REVRPC).
0 The total rezctive power is usaed to trigager the bits in the STATUSO register.
1: The fundamental reactive power is used to trigger the bits in the STATUSD register.

2 PEAKSEL[D) 1 i Phase A is not included in the voltage and current peak detection
1: Phase A is inclueded in the voltage and current peak detection.

3 PEAKSEL[1] 1 0 Phase B is not included in the voltage and current peak detection,
1: Phase B is included in the voltage and current peak detection.

4 PEAKSEL]2) 1 0 Phase Cis not included in the voltage and current peak detection,
1: Phase C is included in the voltage and cumant paak detaction.

[7:5] Reserved 000 Reserved. These bits do not manage any functionality.

7.4.19 ACCMODE Register (Address OxE701 — Length 8 bits)

Table 57. ACCMODE Register ( Address 0xE701)

Bits

Bit Nama

Dafault Valua

Description

[1:0]

WATTACC]1:0]

00

These bits determine how the active power is accumulated in the watthour registers and
haw the CFx frequiency outiput is generated as afundtion of the total and fundamental
active powers.

00: signed accumulation mode of the total and fundamental active powers. The active
enargy registers and the CFx pulses are generated in the same way.

01 positive only accumulation mode of the total and fundamental active powers, The total
and fundamental active enargy registers are accumulated in positive only mode, but the
CFx pulses are generated in signed acoumulation mode.

10: reservied (same as WATTACC] 1:0] = 00).

11: absolute accumulation mode of the total and fundamental active powers. The total and
fundamental active energy registers and the CFx pulses are generated in the same way.

[3:2]

VARACC[1:0]

Thiese bits determine how the reactive power is accumulated in the var-hour registers and
how the CFx frequency output is generated as a function of the total and fundamental
active and reactive powers.

00: signed accumulation mode of the total and fundamental reactive powers. The reactive
energy registers and the CFx pulses are generated in the same way.

01: resarved (same as VARACC[1:0] = 00).

10: thee total and fundamental reactive powers are accumulated depending on the sign of
the total and fundamental active powers. If the active power is positive, the reactive power
is accumulated as is; if the active power is negative, the reactive power is accumulated with a
reversed sign. The total and fundamental reactive energy registers and the CFx pulses are
generated in the same way.

11: absolute accumulation mode of the total and fundamental reactive powers. The total and
fundamental reactive energy registers and the CFx pulses are generated in the same way.

[5:4]

CONSEL]1:0]

These bits select the inputs to the energy accumulation registers. A 1B and I are 1A, 1B,
and IC shifted by —20° {see Table 58).

00: 3-phase, 4-wire with three voltage sensors.
01: 2-phase, 3-wire delta connection.

10: reservied.

11: 3-phase, 4-wire delta connection.

SAGCFG

Thiss Bit manages how the sag flag status bit in the STATUST register is generated.
(I the flag is set to 1 when any phase voltage is balow the SAGLVL threshold

1= thae flag i set to 1 when any phase voltage goes below and then above the SAGLVL
threshokd.,

Reserved

Resarved. This bit does not manage any functionality.
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7.4.20 CONSEL[1:0] Bits in Energy Registers

Table 58 CONSEL[1:0] Bits in Energy Registers'

Energy Registers CONSEL[1:0] = 00 CONSEL[1:0] = 01 CONSEL[1:0] =11
AWATTHR, AFWATTHR Wi 1A Wi 52 1A VA x 1A
EWATTHR, BFWATTHR VE xIB VB =VA VT VB =-\VA

VB x IR VExIE
CWATTHR, CFWATTHR VO IC WV xIC VO xIC
AVARHR, AFVARHR WA LY VA % LY VA LY
BVARHR, BFVARHR VB xIB VB =VA -VC VB =-VA

VB x IB" VB % IB
CWVARHR, CFVARHR VO x I VO w I VO xIC”
AVAHR WA rms x 1A rms WA rms x 1A rms WA s % 1A rms
BEVAHR VB rms = 1B rms VB rms x IB rms” VB rms % 1B rms

VB =VA-VC VB =-VA
CVAHR VO rms % I rms VO mis x I rms VO rms 2 10 rms

"in & 3-phase, 3wire configuration [CONSEL[1:0] = 01), the ADETS78 computes the rms value of the Ine volfage between Phase A and Phase C and stores the result In
thie BEVAMS reqistor (soe the Voltage RMS In Delta Configurations section). The Phase B ourent value provided after the HPF s 0. Corsequently, thie powers assoclated with
Phase Bare 0. To avold any carors in the frequency output pins §0F1, CF2, or CF 3) related to the powers asseclated with Phase B, disable the contmibution of Phase B
fo the cnergy-to-frequency convertions by setting the TERMSEL1T), TERMSEL2[1), of TERMSEL[T) B to 0 n the COMPMOOE reglstor. For more Information, see the
Energy-to-Frequency Converskon sectkn.

7.4.21 LCYCMODE Register (Address OxE702 — Length 8 bits)

Table 59, LCYCMODE Register {Address 0xE702)

Bits Bit Namea Dafault Value | Description

o LWATT 0 0 the watthour accumulation registers (AWATTHR, BWATTHR, CWATTHR, AFWATTHR,
EFWATTHR, and CFWATTHR) are configured for regular accumulation miods,

1: the watthour accumulation registers (AWATTHR, EWATTHR, CWATTHR, AFWATTHR,
BFWATTHR, and CPWATTHR) are configured for line cycle accumulation mode.

0 the var-hour accumulation registers (AVARHR, BVARHR, CVARHRE, AFVARHR, EFVARHR,
and CFVARHR} are configured for regular acoumulation mode.

1: the var-hour acoumulation registers (AVARHR, BVARHR, CVARHR, AFVARHR, BFVARHR,
and CPVARHE) are configured Tor line cycle accumulation mode.

0 the VA-hour accumulation registers (AVAHR, BYVAHR, and CVAHR) are configured for
ragular accumulation mode,

1: the VA-hour accumulation registers (AVAHR, BYAHR, and CVAHR) are configured for ling
cycle accumulation mode,

= Phase A is not selected for zero-crossing counts in line cycle accumulation modea.

1: Phase A is selacted for 2aro-crossing counts in line cycle acoumulation maode. If more
than one phase is selected for zero-crossing detection, the accumulation time is shortenad
accordinaly.

0 Phase B is not selected for zero-crossing counts in line cycle accumulation mode.

1: Phase B is selected for zero-crossing counts in line cycle accumulation mode. If more
than one phase is selectad for zero-crossing detection, the accumulation time is shortenad
accordingly.

0 Phase C is not selected for zero-crossing counts in line cycle accumulation mode.

1: Phase L 15 selocted 1o 2er0-Crossing Counts in ine cyoe accumulation mode, IF mone
than one phase is selected for 2ero-crossing detection, the accumukation time is shortened
accordingly,

o disables read with reset of all XWATTHE, xVARHR_xVAHR, xPWATTHR, and xFPUARHR
registers, Cloar this bit to 0 when Bits[2:0] (LVA, LVAR, and LWATT) are setto 1.

1: anablas road with razot of 3l VWATTHR vWARHE vWAHE vFWATTHE and vEVARHR

rovwictars Wlhan thic bit ic cnf o1 =soeasd s e, w‘:rl‘__rirfnrr racmte Hho fn 0
TPt . W1 FLTE A bR BTRA A n MAS B L 8 edi e am e Bl rLate e | TarEEE et e

1 LVAR 0

z LA 0

3 ZXSEL|0] 1

) ZXSEL[1] 1

5 ZXSEL[2] 1

f RSTREAD i

0 power factor calculation uses instantanecus values of various phase powers used in its
expression.

1: power factor calculation uses phase energy values caloulated using line cycle accumulation
mioda. The LWATT and LVA bits (Bit 0 and Bit 2) must be enabled for the power factors to

be computed correctly. The update rate of the power factor measurement is the integral

nurmber of half line cycles that is programmed in the LINECYC register.
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7.4.22 HSDC_CFG Register (Address OxE706 — Length 8 bits)

Tahle 60. HSIDMC_CFG Register { Address 0xE706)

Bits

Bit Name

Default Value

Description

0

HCLK

o

0 HSCLK Is 8 MHZ
1: HSCLK is 4 MHz

HaIZE

o

O: H5DC transmits the 32-bit registers in 32-bit packages, most significant bit first.
1: HEDC tramsmits the 32-bit registars in 8-bit packages, most significant bit first.

HGAP

0: no gap is introduced betwean packages.
1: a gap of seven HCLK cycles is introduced between packages.

[4:3]

HXFER[1:0]

00 HSDC transmilts sixtean 32-bit words in the following order: LAWY, VAWV IBWWY VEWWY DWW
VOWW INWA, AVA, BVA, CVA AWATT, BWATT, CWATT, AVAR, BVAR, and CVAR,

01: H5DC transmits seven instantaneous values of currents and valtages in the following order:
TANV VARNY, IBWY, VBWA BCWV VOWY, and INWY,

10 HSOIC transmits nine instantanecus values of phase powers in the following order:

AVA BYA CVA, AWATT, BWATT, CWATT, AVAR, BVAR, and CVAR.

11: reserved (same as HXFER[1:0] = 00).

H5APOL

0 5% HSA cutput pin is active low.
1:S5/HSA output pin is active high

[7:6]

Reserved

Reserved. These bits do mot manage any functionality.

7.4.23 CONFIG3 Register (Address OxE708 — Length 8 bits)

Table 61. CONFIG3 Register (Address 0xE708)

Bits

Default Value

Description

]

VAZ_EN

1

This bit canfiqures the' V2 channel or temperature messurement on the Phase A ADET33/ADETI32.

O: temperature sensof is measured on the second voltage channel of the Phase A ADE7933/ADE7932.
On the ADET932, the temperature sensor is always semsed by the second voltage channel, but this bit
must still be cleared to 0 to enable the temperature measurement.

1: V2P input is sensed on the second voltage channel of the Phase A ADE7933.

VB2 EN

Thiis bit configures the V2 channel or temperature measurement on the Phase B ADE7933/ADETA32.
O temperature sensor is measured on the second voltage channed of the Phase B ADET933/ADETS32.

O the ADE7932, the temperature sensor is always sensed by the second voltage channel, but this bit
st still be cleared to 0 to enable the temperature measurement.

V2P input is senised on the second voltage channel of the Phase B ADE7933

V(2 EN

This bit configures the V2 channel or temperature measurement on the Phase C ADEF933/ADEF932

O: temperature sensof is measurad on the second voltage channel of the Phase C ADE7933/ADE7932.
On the ADE7932, the temiperature sensar is always sensed by the second voltage channel, but this bit
must still be cleared to 0 to enable the temiparature maasurament.

1: V2P input is sensed on the second voltage channel of the Phase C ADE7933.

VMN2_EN

This bit configures the V2 channel or temperature measurement on the neatral ine ADE7923 or
ADEF233/ADETI32,

O termperatune sensor is measwned on the second voltage channel of the neutral line ADE79337
ADET932 and ADET923. On the ADET232, the temperature sensar is always sensed by the secand
voltage channel, but this bit must still be cleared to 0 to enable the temperature measurement
1: V2P input is sensed on the sacond voltage channel of the neutral line ADEF9332 and ADEF923.

[5-4]

Reserved

Reserved. These bits do not manage any functionality.

CLKOUT DS

0: ADET933/ADEF932 and ADEF923 CLROUT pins are enabled.
1: ADE7933/ADE7932 and ADE7923 CLKOUT pins are set high and no clock is genarated.

ADE7933_
SWRST

Whan this bit is sat to 1, 3 software reset of the ADE7933/ADE7932 and ADE7923 devices is initiatad.
See the ADEFO23/ADE7932 and ADE7923 Software Resat section for more information.

7.4.24 CONFIG2 Register (Address OXEAOO — Length 8 bits)

Table 62, CONFIGZ Register (Address 0xEA00)

Bits | Bit Name DefaultValue | Description

o 120 LOCK 4] When this bit is set to 0, the S5/H5A pin can be teggled three times to activate the SPIserial port. If
I°C is the selected serial port, set this bit to 1 to lock the selection. After a 1is written to this bit, the
ADE7o72 ignores spuricus togaling of the 55/HSA pin. If SPI s the selected serial port, any write to
the COMNFIG2 register locks the selection. The communication protocol can be changed only after a
power-down or hardware resat oparation.

[7:1] | Reserved 000 0000 Reserved. These bits do not manage any functionality.
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