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FEATURES

Enables shunt current sensors in polyphase energy meters

Immune to magnetic tampering

Highly accurate; supports EN 50470-1, EN 50470-3,
IEC 62053-21, IEC 62053-22, IEC 62053-23, ANSI C12.20,
and IEEE 1459 standards

Compatible with 3-phase, 3- or 4-wire (delta or wye) meters
and other 3-phase services

Computes active, reactive, and apparent energy on each
phase and on the overall system

Less than 0.2% error in active and reactive energy over
a dynamic range of 2000 to 1 at Ta = 25°C

Less than 0.1% error in voltage rms over a dynamic range
of 500to 1 at Ta=25°C

Less than 0.25% error in current rms over a dynamic range
of 500 to 1 at Ta=25°C

Power quality measurements including THD

Single 3.3 V supply

Operating temperature: —40°C to +85°C
Flexible I?C, SPI, and HSDC serial interfaces
Safety and regulatory approvals (pending)
UL recognition
5000 V rms for 1 minute per UL 1577
CSA Component Acceptance Notice #5A
IEC61010-1:400V rms
VDE certificate of conformity
DINV VDEV 0884-10 (VDE V 0884-10):2006-12
Viorm = 846 V peak

APPLICATIONS

Shunt-based polyphase meters
Power quality monitoring
Solar inverters

Process monitoring

Protective devices

Isolated sensor interfaces
Industrial PLCs

TYPICAL APPLICATION CIRCUIT
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Figure 1. 3-Phase, 4-Wire Meter with Four ADE7933/ADE7932 Devices and One ADE7978
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GENERAL DESCRIPTION

The ADE7978 and the ADE7933/ADE7932 form a chipset
dedicated to measuring 3-phase electrical energy using shunts
as current sensors.

The ADE7933/ADE7932 are isolated, 3-channel sigma-delta
analog-to-digital converters (2-A ADCs) for polyphase energy
metering applications that use shunt current sensors. The
ADE7932 features two 24-bit ADCs, and the ADE7933 features
three 24-bit ADCs. One channel is dedicated to measuring the
voltage across the shunt when a shunt is used for current sensing.
This channel provides a signal-to-noise ratio (SNR) of 67 dB over
a 3.3 kHz signal bandwidth. Up to two additional channels are
dedicated to measuring voltages, which are usually sensed using
resistor dividers. These channels provide an SNR of 75 dB over
a 3.3 kHz signal bandwidth. One voltage channel can be used to
measure the temperature of the die via an internal sensor. The
ADE7933 includes three channels: one current channel and two
voltage channels. The ADE7932 includes one current channel and
one voltage channel, but is otherwise identical to the ADE7933.

The ADE7933/ADE7932 include isoPower®, an integrated,
isolated dc-to-dc converter. Based on the Analog Devices, Inc.,
iCoupler® technology, the dc-to-dc converter provides the regu-
lated power required by the first stage of the ADCsata 3.3V
input supply. The ADE7933/ADE7932 eliminate the need for an
external dc-to-dc isolation block. The iCoupler chip scale trans-
former technology is used to isolate the logic signals between the
first and second stages of the ADC. The result is a small form
factor, total isolation solution.

The ADE7933/ADE7932 contain a digital interface that is specially
designed to interface with the ADE7978. Using this interface, the
ADE7978 accesses the ADC outputs and configuration settings
of the ADE7933/ADE7932.

The ADE7933/ADE7932 are available in a 20-lead, Pb-free, wide-
body SOIC package with increased creepage.

The ADE7978 is a high accuracy, 3-phase electrical energy
measurement IC with serial interfaces and three flexible pulse
outputs. The ADE7978 can interface with up to four ADE7933/
ADE7932 devices. The ADE7978 incorporates all the signal
processing required to perform total (fundamental and harmonic)
active, reactive, and apparent energy measurement and rms
calculations, as well as fundamental-only active and reactive
energy measurement and rms calculations. A fixed function
digital signal processor (DSP) executes this signal processing.

The ADE7978 measures the active, reactive, and apparent energy
in various 3-phase configurations, such as wye or delta services,
with both three and four wires. The ADE7978 provides system
calibration features for each phase, gain calibration, and optional
offset correction. Phase compensation is also available, but it is
not necessary because the currents are sensed using shunts. The
CF1, CF2, and CF3 logic outputs provide a wide selection of
power information: total active, reactive, and apparent powers;
the sum of the current rms values; and fundamental active and
reactive powers.

The ADE7978 incorporates power quality measurements, such
as short duration low or high voltage detection, short duration
high current variations, line voltage period measurement, and
angles between phase voltages and currents. Two serial interfaces,
SPI and I’C, can be used to communicate with the ADE7978.
A dedicated high speed interface—the high speed data capture
(HSDC) port—can be used in conjunction with I°C to provide
access to the ADC outputs and real-time power information.
The ADE7978 also has two interrupt request pins, IRQO0 and
IRQ], to indicate that an enabled interrupt event has occurred.
The ADE7978 is available in a 28-lead, Pb-free LFCSP package.

Note that throughout this data sheet, multifunction pins, such
as SCLK/SCL, are referred to by the entire pin name or by a
single function of the pin, for example, SCLK, when only that
function is relevant.
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Figure 2. ADE7978 Functional Block Diagram
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SPECIFICATIONS

SYSTEM SPECIFICATIONS, ADE7978 AND ADE7933/ADE7932

VDD =3.3V +10%, GND = DGND =0V, ADE7978 XTALIN = 16.384 MHz, T to Tmax = —40°C to +85°C, Trve = 25°C.

Table 1.
Parameter’ 2 Min Typ Max Unit Test Conditions/Comments
ACTIVE ENERGY MEASUREMENT
Measurement Error (per Phase)
Total Active Energy 0.1 % Over a dynamic range of 500 to 1, power
factor (PF) = 1, gain compensation only
0.2 % Over a dynamic range of 2000 to 1, PF =1
Fundamental Active Power 0.1 % Over a dynamic range of 500to 1, PF =1,
gain compensation only
0.2 % Over a dynamic range of 2000 to 1, PF =1
AC Power Supply Rejection VDD =3.3V+ 120 mV rms at 50 Hz/100 Hz,
IP=6.25mV rms,V1P =V2P =100 mV rms
Output Frequency Variation 0.01 %
DC Power Supply Rejection VDD =3.3V+330mVdc, IP=6.25mV rms,
V1P =V2P =100 mV rms
Output Frequency Variation 0.01 %
Total Active Energy Measurement 33 kHz
Bandwidth
REACTIVE ENERGY MEASUREMENT
Measurement Error (per Phase)
Total Reactive Power 0.1 % Over a dynamic range of 500 to 1, PF =0,
gain compensation only
0.2 % Over a dynamic range of 2000to 1, PF =0
Fundamental Reactive Power 0.1 % Over a dynamic range of 500 to 1, PF =0,
gain compensation only
0.2 % Over a dynamic range of 2000to 1, PF =0
AC Power Supply Rejection VDD =3.3V + 120 mV rms at 50 Hz/100 Hz,
IP=6.25mVrms,VIP =V2P =100 mV rms
Output Frequency Variation 0.01 %
DC Power Supply Rejection VDD =3.3V+330mVdc, IP=6.25mV rms,
V1P =V2P =100 mV rms
Output Frequency Variation 0.01 %
Total Reactive Energy Measurement 33 kHz
Bandwidth
RMS MEASUREMENTS
Measurement Bandwidth 33 kHz IrmsandV rms
V rms Measurement Error 0.1 % Over a dynamic range of 500 to 1
| rms Measurement Error 0.25 % Over a dynamic range of 500 to 1
Fundamental V rms Measurement Error 0.1 % Over a dynamic range of 500 to 1
Fundamental | rms Measurement Error 0.25 % Over a dynamic range of 500 to 1
WAVEFORM SAMPLING Sampling CLKIN/2048 (16.384 MHz/2048 =
8 kSPS)
Current Channels See the Waveform Sampling Mode section
Signal-to-Noise Ratio, SNR 67 dB
Signal-to-Noise-and-Distortion 67 dB
(SINAD) Ratio
Total Harmonic Distortion, THD -85 dB
Spurious-Free Dynamic Range, SFDR 88 dBFS
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Parameter’ 2 Min Typ Max Unit Test Conditions/Comments
Voltage Channels
Signal-to-Noise Ratio, SNR 75 dB
Signal-to-Noise-and-Distortion 74 dB
(SINAD) Ratio
Total Harmonic Distortion, THD -81 dB
Spurious-Free Dynamic Range, SFDR 81 dBFS
Bandwidth (-3 dB) 33 kHz
TIME INTERVAL BETWEEN PHASE SIGNALS
Measurement Error 0.3 Degrees | Line frequency =45 Hz to 65 Hz, HPF on
CF1, CF2, CF3 PULSE OUTPUTS
Maximum Output Frequency 68.8 kHz WTHR =VARTHR =VATHR =3, CFXDEN =1,
full scale current and voltage, PF = 1, one
phase only
Duty Cycle 50 % CF1, CF2, or CF3 frequency > 6.25 Hz,
CFxDEN is even and > 1
(14 1/CFxDEN) x 50 % CF1, CF2, or CF3 frequency > 6.25 Hz,
CFxDEN is odd and > 1
Active Low Pulse Width 80 ms CF1, CF2, or CF3 frequency < 6.25 Hz
Jitter 0.04 % CF1, CF2, or CF3 frequency = 1 Hz, nominal

phase currents larger than 10% of full scale

' See the Typical Performance Characteristics section.

2 See the Terminology section for definitions of the parameters.
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ADE7978 SPECIFICATIONS

VDD =3.3V +10%, GND = DGND =0V, XTALIN = 16.384 MHz, Tv to Tmax = —40°C to +85°C, Tryr = 25°C.

Table 2.
Parameter’ 2 Min Typ Max Unit Test Conditions/Comments
CLOCK INPUT All specifications for CLKIN = 16.384 MHz
Input Clock Frequency, CLKIN 16.22 16.384 16.55 MHz Minimum = 16.384 MHz — 1%; maximum
=16.384 MHz + 1%
XTALIN Logic Inputs
Input High Voltage, Vinu 24 \Y
Input Low Voltage, Vine 0.8 Vv
XTALIN Total Capacitance?® 40 pF
XTALOUT Total Capacitance? 40 pF
CLOCKOQUTPUT
Output Clock Frequency at CLKOUT Pin 4.096 MHz
Duty Cycle 50 %
Output High Voltage, Von 24 \Y
Isource 4.8 mA
Output Low Voltage, Vou 0.4 \Y
Isink 4.8 mA
LOGIC INPUTS—MOSI/SDA, SCLK/SCL,
SS/HSA, DATA_A, DATA_B, DATA_C,
DATA_N
Input High Voltage, Vinu 24 \Y VDD =33V +10%
Input Current, I 2 40 nA Input=VDD =33V
Input Low Voltage, Vin. 0.8 Vv VDD =33V 10%
Input Current, Iin 5 180 nA Input=0V,VDD =3.3V
Input Capacitance, Cin 10 pF
LOGIC INPUT—RESET
Input High Voltage, Vin1 24 Vv VDD =33V 10%
Input Current, I 80 160 nA Input=VDD =33V
Input Low Voltage, Vin 0.8 Vv VDD =3.3V+10%
Input Current, Iin -8 +11 HA Input=0V,VDD =3.3V
Input Capacitance, Cin 10 pF
LOGIC OUTPUTS—IRQO, IRQ1, MISO/HSD, VDD =33V +10%
CLKOUT, SYNC,VT_A,VT_B,VT_C,VT_N,
ZX/DREADY, RESET_EN
Output High Voltage, Von 24 Vv VDD =33V
Isource 4.8 mA
Output Low Voltage, Vor 04 \" VDD =3.3V+10%
Isink 4.8 mA
CF1, CF2, CF3/HSCLK
Output High Voltage, Von 24 \Y VDD =33V +10%
Isource 8 mA
Output Low Voltage, Vou 0.4 Vv VDD =33V 10%
Isink 8.5 mA
POWER SUPPLY For specified performance
VDD Pin 2.97 3.63 \Y Minimum = 3.3V — 10%; maximum =3.3V
+ 10%
Iop 10.6 15.5 mA

' See the Typical Performance Characteristics section.

2 See the Terminology section for a definition of the parameters.
3 XTALIN/XTALOUT total capacitances refer to the net capacitances on each pin. Each capacitance is the sum of the parasitic capacitance at the pin and the capacitance
of the ceramic capacitor connected between the pin and GND. See the ADE7978 and ADE7933/ADE7932 Clocks section for more information.
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PC Interface Timing Parameters

VDD =3.3V +10%, GND = DGND =0V, XTALIN = 16.384 MHz, Tv to Tmax = —40°C to +85°C.

Table 3.

Standard Mode Fast Mode
Parameter Symbol Min Max Min Max Unit
SCL Clock Frequency fsc 0 100 0 400 kHz
Hold Time for Start and Repeated Start Conditions thoisTA 4.0 0.6 Us
Low Period of SCL Clock trow 47 13 Us
High Period of SCL Clock thigH 4.0 0.6 Us
Set-Up Time for Repeated Start Condition tsusta 4.7 0.6 Us
Data Hold Time tHD;DAT 0 345 0 0.9 Us
Data Setup Time tsu;par 250 100 ns
Rise Time of SDA and SCL Signals tr 1000 20 300 ns
Fall Time of SDA and SCL Signals tr 300 20 300 ns
Setup Time for Stop Condition tsusto 4.0 0.6 Us
Bus Free Time Between a Stop and Start Condition taur 47 13 Us
Pulse Width of Suppressed Spikes tsp N/A? 50 ns

"N/A means not applicable.
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Figure 5. °C Interface Timing
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SPI Interface Timing Parameters
VDD =3.3V £10%, GND = DGND =0V, XTALIN = 16.384 MHz, Ty to Tmax = —40°C to +85°C.

Table 4.

Parameter Symbol Min Max Unit
SS to SCLK Edge tss 50 ns
SCLK Period 0.4 4000’ us
SCLK Low Pulse Width ts 175 ns
SCLK High Pulse Width tsH 175 ns
Data Output Valid After SCLK Edge toav 130 ns
Data Input Setup Time Before SCLK Edge tosu 100 ns
Data Input Hold Time After SCLK Edge torp 50 ns
Data Output Fall Time tor 20 ns
Data Output Rise Time tor 20 ns
SCLK Rise Time tsr 20 ns
SCLK Fall Time tsr 20 ns
MISO Disable After SS Rising Edge tois 1 us
SS High After SCLK Edge tsrs 100 ns

! Guaranteed by design.
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Figure 6. SPI Interface Timing
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HSDC Interface Timing Parameters

VDD =3.3V +10%, GND = DGND =0V, XTALIN = 16.384 MHz, Tv to Tmax = —40°C to +85°C.

Table 5.

Parameter Symbol Min Max Unit

HSA to HSCLK Edge tss 0 ns

HSCLK Period 125 ns

HSCLK Low Pulse Width tst 50 ns

HSCLK High Pulse Width tsh 50 ns

Data Output Valid After HSCLK Edge toav 40 ns

Data Output Fall Time tor 20 ns

Data Output Rise Time tor 20 ns

HSCLK Rise Time tsr 10 ns

HSCLK Fall Time tsr 10 ns

HSD Disable After HSA Rising Edge tois 5 ns

HSA High After HSCLK Edge tsrs 0 ns

——
HSA _X 7
tss
-~ > tops [
HSCLK s_ _z ’
tony -] _ s sk | ISR
_lois |
)
N ¢
HSD MSB >QNTERMEDIATE BITS‘>< LSB
(\(\ %
— |<—tDF ——I -—1tpr g
Figure 7. HSDC Interface Timing
TO OUTPUT

PIN

1.6V
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Figure 8. Load Circuit for Timing Specifications
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ADE7933/ADE7932 SPECIFICATIONS
Vb1 = 3.3V £ 10%, GND = 0V, on-chip reference, XTAL1 = 4.096 MHz, Tmx to Tmax = —40°C to +85°C, Tryp = 25°C.

Table 6.
Parameter!' Min Typ Max Unit Test Conditions/Comments
ANALOG INPUTS
Pseudo Differential Signal Voltage Range
Between IP and IM Pins -31.25 +31.25 mV peak | IM pin connected to GNDiso
Between V1P and VM Pins and -500 +500 mV peak | Pseudo differential inputs between V1P
Between V2P and VM Pins and VM pins and between V2P and VM pins,
VM pin connected to GNDiso
Maximum VM and IM Voltage =25 +25 mV
Crosstalk -90 dB IP and IM inputs set to 0V (GNDiso), V1P and
V2P inputs at full scale
-105 dB V2P or V1P and VM inputs set to 0V (GNDiso),
IP and V1P or V2P inputs at full scale
Input Impedance to GNDiso (DC)
IP, IM, V1P, and V2P Pins 480 kQ
VM Pin 280 kQ
Current Channel ADC Offset Error -2 mV
Voltage Channel ADC Offset Error -35 mV V2 channel applies to the ADE7933 only
ADC Offset Drift over Temperature -500 +500 ppm/°C V1 channel only
Gain Error —4 +4 %
Gain Drift over Temperature -135 +135 ppm/°C Current channel
-65 +65 ppm/°C V1 and V2 channels
AC Power Supply Rejection -90 dB VDD =3.3V+ 120 mV rms at 50 Hz/100 Hz,
IP=V1P =V2P = GNDiso
DC Power Supply Rejection -80 dB VDD =3.3V+330mVdc, IP=6.25mV rms,
V1P =V2P =100 mV rms
TEMPERATURE SENSOR
Accuracy +5 °C
CLOCKINPUT All specifications for XTAL1 = 4.096 MHz
Input Clock Frequency, XTAL1 36 4,096 4.21 MHz Nominal value provided by the ADE7978;
min and max values apply if the ADE7933/
ADE7932 are used without the ADE7978
XTAL1 Duty Cycle 45 50 55 % Values apply if the ADE7933/ADE7932 are
used without the ADE7978
XTAL1 Logic Inputs
Input High Voltage, Vin1 24 Vv
Input Low Voltage, Vin. 0.8 \
XTAL1 Total Capacitance? 40 pF
XTAL2 Total Capacitance? 40 pF
LOGIC INPUTS—SYNC, V2/TEMP, RESET_EN,
EMI_CTRL
Input High Voltage, Vinu 24 \Y
Input Low Voltage, Vine 0.8 \
Input Current, I 15 nA
Input Capacitance, Cin 10 pF
LOGIC OUTPUTS—DATA
Output High Voltage, Von 25 \Y Isource = 800 pA
Output Low Voltage, Vou 0.4 \ lsink =2 mA
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Parameter!' Min Typ Max Unit Test Conditions/Comments
POWER SUPPLY For specified performance
VDD Pin 2.97 3.63 Vv Minimum = 3.3V — 10%; maximum =3.3V
+ 10%
Ioo 12.5 19 mA
50 HA Bit 6 (CLKOUT_DIS) and Bit 7 (ADE7933_
SWRST) in the CONFIG3 register set to 1

' See the Terminology section for definitions of the parameters.
2 XTAL1/XTAL2 total capacitances refer to the net capacitances on each pin. Each capacitance is the sum of the parasitic capacitance at the pin and the capacitance of
the ceramic capacitor connected between the pin and GND. See the ADE7978 and ADE7933/ADE7932 Clocks section for more information.

Regulatory Approvals (Pending)

The ADE7933/ADE7932 are pending approval by the organizations listed in Table 7. See Table 12 and the Insulation Lifetime section for
more information about the recommended maximum working voltages for specific cross-isolation waveforms and insulation levels.

Table 7.

UL

CSA

VDE

Recognized under UL 1577 component
recognition program'’

Approved under CSA Component Acceptance
Notice #5A

Certified according to DIN V VDE V 0884-10
(VDEV 0884-10):2006-122

Single protection, 5000V rms isolation
voltage

Basic insulation per IEC 61010-1, 400 V rms
(564 V peak) maximum working voltage

Reinforced insulation, 846 V peak

'In accordance with UL 1577, each ADE7933/ADE7932 is proof tested by applying an insulation test voltage = 6000 V rms for 1 sec (current leakage detection limit = 10 pA).
21n accordance with DIN V VDE V 0884-10 (VDE V 0884-10):2006-12, each ADE7933/ADE7932 is proof tested by applying an insulation test voltage > 1590 V peak for 1 sec
(partial discharge detection limit = 5 pC). The asterisk (*) marking branded on the component designates DIN V VDE V 0884-10 (VDE V 0884-10):2006-12 approval.

Insulation and Safety Related Specifications

Table 8. Critical Safety Related Dimensions and Material Properties

Parameter Symbol Value Unit Test Conditions/Comments

Rated Dielectric Insulation Voltage 5000 Vrms 1-minute duration

Minimum External Air Gap (Clearance) L(l01) 83 mm Measured from input terminals to output
terminals, shortest distance through air
along the PCB mounting plane, as an aid
to PCB layout

Minimum External Tracking (Creepage) L(102) 83 mm Measured from input terminals to output
terminals, shortest distance path along body

Minimum Internal Gap (Internal Clearance) 0.017 min | mm Insulation distance through insulation

Tracking Resistance (Comparative Tracking Index) CTI >600 Vv IEC60112

Isolation Group 1] Material Group DIN VDE 0110, 1/89, Table 1
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DIN V VDE V 0884-10 (VDE V 0884-10):2006-12 Insulation Characteristics

The ADE7933/ADE7932 are suitable for reinforced electrical isolation only within the safety limit data. Maintenance of the safety data is
ensured by the protective circuits.

Table 9.
Description Test Conditions/Comments Symbol Characteristic | Unit
Installation Classification per DIN VDE 0110
For Rated Mains Voltage < 150V rms Ito IV
For Rated Mains Voltage < 300V rms Ito IV
For Rated Mains Voltage < 400V rms Itolll
Climatic Classification 40/105/21
Pollution Degree per DINVDE 0110, Table 1 2
Maximum Working Insulation Voltage Viorm 846 V peak
Input-to-Output Test Voltage, Method B1 Viorm X 1.875 = Vpdm), 100% production test, Vpd(m) 1592 V peak
tini = tm = 1 se¢, partial discharge < 5 pC
Input-to-Output Test Voltage, Method A Vpd(m)
After Environmental Tests Subgroup 1 Viorm X 1.5 = Vpd(m), tini = 60 sec, tm = 10 sec, partial 1273 V peak
discharge < 5 pC
After Input and/or Safety Tests Subgroup 2 | Vioam X 1.2 = Vpdm), tini = 60 sec, tm = 10 sec, partial 1018 V peak
and Subgroup 3 discharge < 5 pC
Highest Allowable Overvoltage Viotm 6000 V peak
Surge Isolation Voltage Veeak = 10 kV; 1.2 s rise time; 50 s, 50% fall time | Viosm 6000 V peak
Safety Limiting Values Maximum value allowed in the event of a failure
(see Figure 9)
Maximum Junction Temperature Ts 150 °C
Total Power Dissipation at 25°C Ps 2.78 W
Insulation Resistance at Ts Vio =500V Rs >10° Q
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Figure 9. Thermal Derating Curve, Dependence of Safety Limiting Values on Case Temperature, per DIN EN 60747-5-2
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted.

Table 10.
Parameter Rating
ADE7978
VDD to GND -03Vto+3.7V
Digital Input Voltage to DGND -0.3VtoVDD + 0.3V
Digital Output Voltage to DGND -0.3VtoVDD+0.3V
ADE7933/ADE7932
VDD to GND -03Vto+3.7V
Analog Input Voltage to GNDiso, —-2Vto+2V
IP, IM, V1P, V2P, VM
Reference Input Voltage to GNDiso | —0.3VtoVDD + 0.3V
Digital Input Voltage to GND -0.3VtoVDD + 0.3V
Digital Output Voltage to GND -0.3VtoVDD+0.3V
Common-Mode Transients' —100 kV/ps to +100 kV/ps
Operating Temperature
Industrial Range —40°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 sec)?
ADE7978 300°C
ADE7933/ADE7932 260°C

' Refers to common-mode transients across the insulation barrier. Common-
mode transients exceeding the absolute maximum ratings may cause latch-up

or permanent damage.

2 Analog Devices recommends that reflow profiles used in soldering RoHS
compliant parts conform to JEDEC J-STD 20. For the latest revision of this

standard, refer to JEDEC.

Stresses above

those listed under Absolute Maximum Ratings

may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational

section of this

specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect
device reliability.

THERMAL RESISTANCE

) and Oc are specified for the worst-case conditions, that is, a
device soldered in a circuit board for surface-mount packages.

Table 11. Thermal Resistance

Package Type

0;a 0sc Unit

28-Lead LFCSP (ADE7978) 29.3 1.8 °C/W
20-Lead SOIC (ADE7933/ADE7932) | 48.0 6.2 °C/W

ESD CAUTION

A
ALa\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

Table 12. ADE7933/ADE7932 Maximum Continuous Working Voltage Supporting a 50-Year Minimum Lifetime'

Parameter Max Unit Applicable Certification
AC Voltage, Bipolar Waveform 564 V peak All certifications, 50-year operation
DC Voltage

Basic Insulation 600 V peak

' Refers to the continuous voltage magnitude imposed across the isolation barrier. For more information, see the Insulation Lifetime section.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

a
—
< [§z2
< <259 o)
= I's < < o
< I0)
353%%88
W N~ O I S M N
N N N NN NN
VT B 1 21 VDD
DATA_B 2 20 GND
RESET_EN 3 ADE7978 19 MOSI/SDA
CLKOUT 4 TOP VIEW 18 MISO/HSD
SYNC 5 (Not to Scale) 17 SCLK/SCL
VT_C 6 16 SS/HSA
DATA_C 7 15 CF3/HSCLK
@29 4993
Z Z|1O|d | — &
C IR E S
> EIEEL
< o
[a)

NOTES

1. CREATE A SIMILAR PAD ON THE PCB UNDER THE
EXPOSED PAD. SOLDER THE EXPOSED PAD TO
THE PAD ON THE PCB TO CONFER MECHANICAL
STRENGTH TO THE PACKAGE. CONNECT THE
PADS TO DGND AND GND.

Figure 10. Pin Configuration, ADE7978

11116-011

Table 13. Pin Function Descriptions, ADE7978

Pin No. Mnemonic Description

1 VT_B Selects the second voltage input (V2P) or the temperature measurement on the Phase B ADE7933/ADE7932.
Connect this pin to the V2/TEMP pin of the Phase B ADE7933/ADE7932. If no ADE7933/ADE7932 is used to
sense Phase B—as in the 3-phase, 3-wire delta configuration—Ileave this pin unconnected.

2 DATA_B Receives the bit streams from the Phase B ADE7933/ADE7932. Connect this pin to the DATA pin of the Phase B
ADE7933/ADE7932. If no ADE7933/ADE7932 is used to sense Phase B—as in the 3-phase, 3-wire delta
configuration—connect this pin to VDD.

3 RESET_EN Reset Output Enable. Connect this pin to the RESET_EN pins of the ADE7933/ADE7932 devices. This pin is used
by the ADE7978 to reset the ADE7933/ADE7932 devices (see the Hardware Reset section).

4 CLKOUT 4.096 MHz Output Clock Signal. Connect this pin to the XTAL1 pins of the ADE7933/ADE7932 devices.

5 SYNC Clock Output (1.024 MHz). This pin is the clock for serial communication with the ADE7933/ADE7932 devices.
Connect this pin to the SYNC pins of the ADE7933/ADE7932 devices.

6 VT_C Selects the second voltage input (V2P) or the temperature measurement on the Phase C ADE7933/ADE7932.
Connect this pin to the V2/TEMP pin of the Phase C ADE7933/ADE7932. If no ADE7933/ADE7932 is used to
sense Phase C, leave this pin unconnected.

7 DATA_C Receives the bit streams from the Phase C ADE7933/ADE7932. Connect this pin to the DATA pin of the Phase C
ADE7933/ADE7932. If no ADE7933/ADE7932 is used to sense Phase C, connect this pin to VDD.

8 VT_N Selects the second voltage input (V2P) or the temperature measurement on the neutral line ADE7933/ADE7932.
Connect this pin to the V2/TEMP pin of the neutral line ADE7933/ADE7932. If no ADE7933/ADE7932 is used to
sense the neutral line, leave this pin unconnected.

9 DATA_N Receives the bit streams from the neutral line ADE7933/ADE7932. Connect this pin to the DATA pin of the neutral
line ADE7933/ADE7932. If no ADE7933/ADE7932 is used to sense the neutral line, connect this pin to VDD.

10, 11 1RQO, IRQT Interrupt Request Outputs. These pins are active low logic outputs. For information about the events that can
trigger an interrupt, see the Interrupts section.

12 RESET Reset Input, Active Low. Set this pin low for at least 10 ps to trigger a hardware reset (see the Hardware Reset
section).

13,14,15 | CF1,CF2, Calibration Frequency (CF) Logic Outputs. These outputs provide power information and are used for opera-

CF3/HSCLK tional and calibration purposes. CF3 is multiplexed with the serial clock output of the HSDC port.
16 SS/HSA Slave Select for the SPI Port/HSDC Port Active.
17 SCLK/SCL Serial Clock Input for the SPI Port/Serial Clock Input for the I>C Port. This pin has a Schmitt trigger input for

use with clock sources that have a slow edge transition time, for example, opto-isolator outputs. The default
functionality of this pin is SCL.
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Pin No. Mnemonic Description

18 MISO/HSD Data Output for the SPI Port/Data Output for the HSDC Port.

19 MOSI/SDA Data Input for the SPI Port/Data Output for the I2C Port. The default functionality of this pin is SDA.

20 GND Ground Reference for the Input Circuitry.

21 VDD Supply Voltage. This pin provides the supply voltage. For specified operation, maintain the supply voltage at
3.3V + 10%. Decouple this pin to GND with a 10 pF capacitor in parallel with a ceramic 100 nF capacitor.

22 LDO 1.8 V Output of the Digital Low Dropout (LDO) Regulator. Decouple this pin with a 4.7 uF capacitor in parallel
with a ceramic 100 nF capacitor. Do not connect active external circuitry to this pin.

23 DGND Ground Reference for the Digital Circuitry.

24 XTALOUT A crystal with a maximum drive level of 0.5 mW and an equivalent series resistance (ESR) of 20 Q can be
connected across this pin and the XTALIN pin to provide a clock source for the ADE7978.

25 XTALIN Master Clock. An external clock can be provided at this logic input. Alternatively, a crystal with a maximum
drive level of 0.5 mW and an ESR of 20 Q can be connected across XTALIN and XTALOUT to provide a clock
source for the ADE7978. The clock frequency for specified operation is 16.384 MHz. For more information, see
the ADE7978 and ADE7933/ADE7932 Clocks section.

26 ZX/DREADY | Zero-Crossing (ZX) Output Pin. The ZX pin goes high on the positive-going edge of the selected phase voltage
zero crossing; the pin goes low on the negative-going edge of the zero crossing (see the Zero-Crossing
Detection section for more information).

DREADY is an active low signal that is generated approximately 70 ns after Bit 17 (DREADY) in the STATUSO register
is set to 1. This pin has a frequency of 8 kHz and stays low for 10 ps every period. The default functionality of
this pin is DREADY.

27 VT_A Selects the second voltage input (V2P) or the temperature measurement on the Phase A ADE7933/ADE7932.
Connect this pin to the V2/TEMP pin of the Phase A ADE7933/ADE7932. If no ADE7933/ADE7932 is used to
sense Phase A, leave this pin unconnected.

28 DATA_A Receives the bit streams from the Phase A ADE7933/ADE7932. Connect this pin to the DATA pin of the Phase A
ADE7933/ADE7932. If no ADE7933/ADE7932 is used to sense Phase A, connect this pin to VDD.

EP Exposed Pad | Create a similar pad on the PCB under the exposed pad. Solder the exposed pad to the pad on the PCB to

confer mechanical strength to the package. Connect the pads to DGND and GND.
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Figure 11. Pin Configuration, ADE7933/ADE7932

Pin Function Descriptions, ADE7933/ADE7932

Mnemonic

Description

6,7

11,20
12

13

14

15

16

17

VDDiso

GNDiso

V2P, V1P, VM

IM, IP

LDO

REF

GND
SYNC

XTAL1

XTAL2

DATA

RESET_EN

V2/TEMP

Isolated Secondary Side Supply Voltage. This pin provides access to the 3.3 V on-chip isolated power supply.
Do not connect active external circuitry to this pin. Decouple this pin with a 10 pF capacitor in parallel with a
ceramic 0.1 pF capacitor.

Ground Reference for the Isolated Secondary Side. This pin provides the ground reference for the analog
circuitry. Use this quiet ground reference for all analog circuitry.

Analog Inputs for the Voltage Channels. These channels are used with voltage transducers and are referred to in
this data sheet as the voltage channels. These inputs are pseudo differential voltage inputs with a maximum
signal level of +0.5 V with respect to VM for specified operation. Use these pins with the related input circuitry,
as shown in Figure 34.The second voltage channel (V2P) is available on the ADE7933 only. If the V1P or V2P pin
is not used on the ADE7933, connect the pin to the VM pin. On the ADE7932, the V2P pin must always be
connected to the VM pin.

Analog Inputs for the Current Channel. This channel is used with shunts and is referred to in this data sheet as
the current channel. These inputs are pseudo differential voltage inputs with a maximum differential level of
+31.25 mV. Use these pins with the related input circuitry, as shown in Figure 34.

2.5V Output of the Analog Low Dropout (LDO) Regulator. Decouple this pin with a 4.7 uF capacitor in parallel
with a ceramic 100 nF capacitor using GNDiso (Pin 10). Do not connect active external circuitry to this pin.
Voltage Reference. This pin provides access to the on-chip voltage reference. The on-chip reference has a
nominal value of 1.2 V. Decouple this pin to GNDiso (Pin 10) with a 4.7 uF capacitor in parallel with a ceramic
100 nF capacitor.

Primary Ground Reference.

Synchronization Pin. The 4.096 MHz clock signal generated by the ADE7978 is used for serial communication
between the ADE7933/ADE7932 and the ADE7978. Connect the ADE7933/ADE7932 SYNC pin to the SYNC pin
of the ADE7978.

Master Clock. Connect this pin to the ADE7978 CLKOUT pin. The clock frequency for specified operation is
4,096 MHz. When the ADE7933/ADE7932 and the ADE7978 are used as a chipset, the ADE7933/ADE7932 must
function synchronously with the ADE7978; therefore, the XTAL1 pin of the ADE7933/ADE7932 must be connected to
the CLKOUT pin of the ADE7978. If the ADE7933/ADE7932 are used as standalone chips, a crystal with a maxi-
mum drive level of 0.5 mW and an ESR of 20 Q can be connected across XTAL1 and XTAL2 to provide a clock source
for the ADE7933/ADE7932. The clock frequency for specified operation is 4.096 MHz, but lower frequencies
down to 3.6 MHz can be used. For more information, see the ADE7978 and ADE7933/ADE7932 Clocks section.
Leave this pin open when the ADE7933/ADE7932 are used with the ADE7978. If the ADE7933/ADE7932 are used
as standalone chips, a crystal with a maximum drive level of 0.5 mW and an ESR of 20 Q) can be connected across
XTAL1 and XTAL2 to provide a clock source for the ADE7933/ADE7932.

Data Output for Communication with the ADE7978. Connect the DATA pin to one of the following pins on the
ADE7978: DATA_A, DATA_B, DATA_C, or DATA_N. Connect the DATA pin of the Phase A ADE7933/ADE7932 to
the DATA_A pin of the ADE7978, and so on.

Reset Input Enable, Active Low. The ADE7933/ADE7932 is reset by setting the RESET_EN pin low and toggling
the V2/TEMP pin four times with a frequency of 4.096 MHz. The reset ends when this pin and the V2/TEMP pin
are set high (see the Hardware Reset section).

This input pin selects the signal that is converted at the second voltage channel of the ADE7933. (In the
ADE7932, the temperature sensor is always converted by the second voltage channel.) When this pin is high,
the voltage input V2P is sensed; when this pin is low, the temperature sensor is measured. The V2/TEMP pin is
also used during the ADE7933/ADE7932 reset procedure. For both the ADE7933 and ADE7932, the V2/TEMP
pin must always be connected to one of the following pins on the ADE7978:VT_A,VT_B,VT_C, or VT_N.
Connect the V2/TEMP pin of the Phase A ADE7933/ADE7932 to the VT_A pin of the ADE7978, and so on. For
more information, see the Second Voltage Channel and Temperature Measurement section.
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Pin No.

Mnemonic

Description

18

19

EMI_CTRL

VDD

Emissions Control Pin. This pin manages the emissions of the ADE7933/ADE7932. When the pin is connected to
GND, the PWM control block of the dc-to-dc converter generates pulses during Slot 0, Slot 2, Slot 4, and Slot 6.
When the pin is connected to VDD, the PWM control block of the dc-to-dc converter generates pulses during
Slot 1, Slot 3, Slot 5, and Slot 7. (For more information, see the DC-to-DC Converter section.) Do not leave this
pin floating.

Primary Supply Voltage. This pin provides the supply voltage for the ADE7933/ADE7932. For specified operation,
maintain the supply voltage at 3.3V + 10%. Decouple this pin to GND with a 10 yF capacitor in parallel with a
ceramic 100 nF capacitor.
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TYPICAL PERFORMANCE CHARACTERISTICS

Figure 12 through Figure 17 were generated using the following conditions: sinusoidal voltage with an amplitude of 50% of full scale and a
frequency of 50 Hz; sinusoidal current with variable amplitudes from 100% of full scale down to 0.033% of full scale and with a frequency

of 50 Hz; offset compensation executed.

15

15
Tp =—40°C Vpp = 2.97V
Tp =+25°C Vpp = 3.30V
10|™ Tp =+85°C 10|l Vpp = 3.63V
0.5 0.5
x 0 o 0 - =
[e] N o N
X \ 4
o I /\\\_ % '
w w
-0.5 -0.5
-1.0 -1.0
-15 -15 °
0.01 0.1 1 10 100 0.01 0.1 1 10 100 5
|

11116-113

PERCENTAGE OF FULL-SCALE CURRENT (%) PERCENTAGE OF FULL-SCALE CURRENT (%)

Figure 15. Total Active Energy Error as a Percentage of Reading

Figure 12. Total Active Energy Error as a Percentage of Reading
over Power Supply, PF =1, Ta=25°C

over Temperature, PF =1
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Figure 13. Total Reactive Energy Error as a Percentage of Reading Figure 16. Total Reactive Energy Error as a Percentage of Reading
over Temperature, PF =0 over Power Supply, PF =0, Ta=25°C
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Figure 17. Apparent Energy Error as a Percentage of Reading

Figure 14. Apparent Energy Error as a Percentage of Reading
over Power Supply, PF =1, Ta=25°C

over Temperature, PF =1
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Figure 18 through Figure 23 were generated using the following conditions: fundamental voltage component in phase with 5* harmonic;

current with a 50 Hz component that has variable amplitudes from 100% of full scale down to 0.033% of full scale and a 5" harmonic with a
constant amplitude of 17% of full scale; power factor equal to 1 or 0 on the fundamental and 5™ harmonic. Figure 18, Figure 19, Figure 21,
and Figure 22 were generated using a voltage with a 50 Hz component that has an amplitude of 50% of full scale and a 5" harmonic with an
amplitude of 5% of full scale. Figure 20 and Figure 23 were generated using a voltage with a 50 Hz component that has variable amplitudes

from 100% of full scale down to 0.033% of full scale and a 5™ harmonic with an amplitude of 5% of full scale.
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Figure 18. Fundamental Active Energy Error as a Percentage of Reading Figure 21. Fundamental Reactive Energy Error as a Percentage of Reading

over Temperature, PF =1

over Temperature, PF =0
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Figure 22. Fundamental Reactive Energy Error as a Percentage of Reading

Figure 19. Fundamental Active Energy Error as a Percentage of Reading
over Power Supply, PF =0, Ta=25°C

over Power Supply, PF =1, Ta=25°C
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Figure 23. Fundamental Voltage RMS Error as a Percentage of Reading

Figure 20. Fundamental Current RMS Error as a Percentage of Reading
over Temperature, PF =1

over Temperature, PF =1
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Figure 24 and Figure 25 were generated using the following conditions: sinusoidal voltage with a constant amplitude of 50% of full scale;
sinusoidal current with a constant amplitude of 10% of full scale; variable frequency between 45 Hz and 65 Hz.

0.10 0.10
—— POWER FACTOR = -0.5 —— POWER FACTOR = -0.866
0.08 | ——POWER FACTOR = +1 0.08 | ——POWER FACTOR =0
POWER FACTOR = +0.5 POWER FACTOR = +0.866
0.06 0.06
0.04 0.04
LA
S 002 g 002 A
< IR\ = Ny
g o e & o A A
x \//:;A e "IN
0 -0.02 LT & -0.02
-0.04 —0.04
-0.06 -0.06
-0.08 -0.08
-0.10 . -0.10 .
40 45 50 55 60 65 70 7 40 45 50 55 60 65 70 3
LINE FREQUENCY (Hz) g LINE FREQUENCY (Hz) e
Figure 24. Total Active Energy Error as a Percentage of Reading Figure 25. Total Reactive Energy Error as a Percentage of Reading
over Frequency, PF = —-0.5,+0.5, and +1 over Frequency, PF = —0.866, 0, and +0.866
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Figure 26 through Figure 29 were generated using the following conditions: sinusoidal current and voltage with variable amplitudes from
100% of full scale down to 0.033% of full scale. Figure 26 and Figure 28 were obtained using a frequency of 50 Hz; Figure 27 and Figure 29
were obtained using a variable frequency between 45 Hz and 65 Hz.
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Figure 26. Current RMS Error as a Percentage of Reading Figure 28. Voltage RMS Error as a Percentage of Reading
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Figure 27. Current RMS Error as a Percentage of Reading Figure 29. Voltage RMS Error as a Percentage of Reading
over Frequency over Frequency
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Figure 30 through Figure 33 were generated using the following conditions: sinusoidal voltage with an amplitude of 50% of full scale and a
frequency of 50 Hz; sinusoidal current with variable amplitudes from 100% of full scale down to 0.033% of full scale and with a frequency
of 50 Hz; offset compensation executed. For Figure 31 and Figure 33, besides the fundamental component, the voltage contained a 5® harmonic
with a constant amplitude of 5% of full scale, and the current contained a 5" harmonic with a constant amplitude of 17% of full scale. Measure-
ments at 25°C were repeated 30 times, and the standard deviation values were extracted for current levels of 0.2% and 0.05% of full scale.
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Figure 30. Total Active Energy Error as a Percentage of Reading, PF =1 Figure 32. Total Reactive Energy Error as a Percentage of Reading, PF = 0

(Standard Deviation o = 0.06% at 0.2% of Full-Scale Current (Standard Deviation o = 0.09% at 0.2% of Full-Scale Current
and 0 =0.12% at 0.05% of Full-Scale Current) and o =0.13% at 0.05% of Full-Scale Current)
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Figure 31. Fundamental Active Energy Error as a Percentage of Reading, PF =1 Figure 33. Fundamental Reactive Energy Error as a Percentage of Reading, PF =0
(Standard Deviation o = 0.06% at 0.2% of Full-Scale Current (Standard Deviation o = 0.06% at 0.2% of Full-Scale Current
and 0 =0.11% at 0.05% of Full-Scale Current) and 0 =0.13% at 0.05% of Full-Scale Current)
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TEST CIRCUIT
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Figure 34. Test Circuit
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TERMINOLOGY

Energy Measurement Error
The accuracy of the energy measurement is assessed as follows:

1. The voltage channel is supplied with a sinusoidal signal that
has peak values equal to +250 mV. This value represents
half of the full scale.

2. The current channel is supplied with sinusoidal signals that
have peak values equal to £31.25 mV (full scale), +3.125 mV
(1/10 of full scale), £312.5 uV (1/100 of full scale), +31.25 pV
(1/1000 of full scale), and +15.625 uV (1/2000 of full scale).

3. The energy is accumulated in line cycle accumulation mode,
and the accumulation time varies with the current channel
signal level.

The energy calculated for current peaks equal to £3.125 mV
(1/10 of full scale) is considered the reference. The energy
measurement error is computed relative to a straight line that
passes through this point, as follows:

AccTime(I 1
5 2 ime(1,,9) « 1110

AccTime(I ) 1
Energy([l/w)

Energy([ . )

X —1|x100% (1)

™
Il

where:

Energy(L) is the energy measurement when the current is I..
Energy(Lio) is the energy measurement when the current

is I110. This is the reference measurement.

AccTime(I1/10) is the accumulation time used to measure
Energy(Li).

AccTime(I,) is the accumulation time used to measure
Energy(L).

I rms and V rms Measurement Error
The accuracy of the rms measurement is assessed as follows:

1. The voltage and current channels are supplied with sinu-
soidal signals of various peaks, starting with the full-scale
signals (£500 mV for the voltage channel and +31.25 mV
for the current channel) and ending with +1 mV and
+62.5 uV, respectively.

2. The rms registers are read at least once per line cycle over
1 sec and averaged.

The measurement performed when the input signal has peaks
equal to 1/10 of full scale is considered the reference. The rms
measurement error is computed relative to a straight line that
passes through this point, as follows:

Irms(Ix)x Lo

€, = X —1|x100% 2)
1
Irmsill/w }

Vrms(Vx ) x Vino

gy = X —1|x100% (3)
v VrmsiVmOi °

where:

I rms(I;) is the current rms measurement when the current is I..
I'rms(Ii10) is the current rms measurement when the current is
Iij10. This is the reference measurement.

V rms(V.) is the voltage rms measurement when the voltage

is V.

V rms(Vi) is the voltage rms measurement when the voltage is
V0. This is the reference measurement.

Signal-to-Noise Ratio (SNR)

SNR is the ratio of the rms value of the actual input signal to
the rms sum of all other spectral components below the Nyquist
frequency, excluding harmonics and dc. The spectral compo-
nents are calculated over a 2 sec window. The value for SNR is
expressed in decibels.

Signal-to-Noise-and-Distortion (SINAD) Ratio

SINAD is the ratio of the rms value of the actual input signal to
the rms sum of all other spectral components below the Nyquist
frequency, including harmonics but excluding dc. The spectral
components are calculated over a 2 sec window. The value for
SINAD is expressed in decibels.

Total Harmonic Distortion (THD)

THD is the ratio of the rms sum of all harmonics (excluding
the noise components) to the rms value of the fundamental.

The spectral components are calculated over a 2 sec window.
The value for THD is expressed in decibels.

Spurious-Free Dynamic Range (SFDR)

SEDR is the ratio of the rms value of the actual input signal to the
rms value of the peak spurious component over the measurement
bandwidth of the waveform samples. The spectral components are

calculated over a 2 sec window. The value of SFDR is expressed

in decibels relative to full scale, dBFS.

CF Jitter

The period of pulses at one of the CF1, CF2, or CF3 pins is
continuously measured. The maximum, minimum, and average
values of four consecutive pulses are computed as follows:

Maximum = max(Periody, Period,, Period,, Periods)
Minimum = min(Period,, Period,, Period., Periods)

Period,, + Period, + Period,, + Period,
4

Average =

The CF jitter is then computed as follows:

Maximum — Minimum
CFjrppp = x 100% (4)
Average
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Pseudo Differential Signal Voltage Range Between the IP
and IM Pins, V1P and VM Pins, and V2P and VM Pins

This range represents the peak-to-peak pseudo differential volt-
age that must be applied to the ADCs to generate a full-scale
response when the IM and VM pins are connected to the GNDiso
pin (Pin 2). The IM and VM pins are connected to the GNDiso
pin using antialiasing filters (see Figure 34).

Figure 35 shows the input voltage range between the IP and IM
pins. Figure 36 shows the input voltage range between the V1P
and VM pins and between the V2P and VM pins.

\ +31.25mV
P
ov \ | >
-31.25mV
IM ov >
IP-IM +31.25mV

Q
<
/

11116-015

-31.25mV

Figure 35. Pseudo Differential Input Voltage Range
Between the IP and IM Pins

\ +500mV
V1P, V2P

o
<
\

-500mV
VM ov >
V1P - VM,
V3P — VM +500mV
ov >

C

11116-016

-500mV

Figure 36. Pseudo Differential Input Voltage Range
Between the V1P and VM Pins and Between the V2P and VM Pins

Maximum VM and IM Voltage Range

The maximum VM and IM voltage range represents the maxi-
mum allowed voltage at the VM and IM pins relative to the
GNDirso pin (Pin 10).

Crosstalk

Crosstalk represents the leakage of signals, usually via capacitance
between circuits. Crosstalk in the current channel is measured by
setting the IP and IM pins to the GNDiso pin (Pin 10), supplying
a full-scale alternate differential voltage between the V1P, V2P,
and VM pins of the voltage channel, and measuring the output
of the current channel.

Crosstalk in the V1P voltage channel is measured by setting the
V1P and VM pins to the GNDiso pin (Pin 10), supplying a full-
scale alternate differential voltage at the IP and V2P pins, and
measuring the output of the V1P channel. Crosstalk in the V2P
voltage channel is measured by setting the V2P and VM pins to
the GNDiso pin (Pin 10), supplying a full-scale alternate differ-
ential voltage at the IP and V1P pins, and measuring the output
of the V2P channel.

Crosstalk is equal to the ratio between the grounded ADC
output value and the ADC full-scale output value. The ADC
outputs are acquired for 2 sec. Crosstalk is expressed in decibels.

Input Impedance to Ground, DC

The input impedance to ground represents the impedance
measured at each ADC input pin (IP, IM, V1P, V2P, and VM)
with respect to GNDiso (Pin 10).

Differential Input Impedance, DC

The differential input impedance represents the impedance
measured between the ADC inputs: IP and IM, V1P and VM,
and V2P and VM (ADE7933 only).

ADC Offset Error

ADC offset error is the difference between the average measured
ADC output code with both inputs connected to GNDiso and the
ideal ADC output code. The magnitude of the offset depends
on the input range of each channel.

ADC Offset Drift over Temperature

ADC offset drift is the change in offset over temperature.
ADC offset drift is determined by measuring the ADC offset
at —40°C, +25°C, and +85°C. The offset drift over temperature
is computed as follows:

Drift =

| Offset(~40°C) — Offset(25°C) | |Offset(85°C) — Offset(25°C))|

|Offset(25°C)x (~40°C - 25°C [ | Offset(25°C) x (85°C—25°C)|

Offset drift is expressed in nV/°C.
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Gain Error

Gain error in the ADE7933/ADE7932 represents the difference
between the measured ADC output code (minus the offset) and
the ideal output code (see the Current Channel ADC and Voltage
Channel ADCs sections). The difference is expressed as a percent-
age of the ideal code and represents the overall gain error of one
current or voltage channel.

Gain Drift over Temperature

Gain drift is the change in gain over temperature. The gain
temperature coefficient includes the temperature variation of the
ADC gain and of the internal voltage reference. Gain drift over
temperature represents the overall temperature coefficient of one
current or voltage channel. With the internal voltage reference
in use, the ADC gain is measured at —40°C, +25°C, and +85°C.
The temperature coefficient is computed as follows:

Drift =

| Gain(~40°C) ~ Gain(25°C) || Gain(85°C) ~ Gain(25°C) |

. |Gain(25°C)x (~40°C — 25°C[| Gain(25°C) x (85°C - 25°C)

Gain drift is measured in ppm of FS/°C.

Power Supply Rejection (PSR)

PSR quantifies the ADE7978 and ADE7933/ADE7932 chipset
measurement error as a percentage of reading when the power
supplies are varied. For the ac PSR measurement, a reading at
nominal supplies (3.3 V) is taken when the voltage at the input
pins is 0 V. A second reading is obtained with the same input
signal levels when an ac signal (120 mV rms at 50 Hz or

100 Hz) is introduced onto the supplies. Any error introduced
by this ac signal is expressed as a percentage of reading (power
supply rejection ratio, PSRR). PSR = 20 logio (PSRR).

For the dc PSR measurement, a reading at nominal supplies
(3.3 V) is taken when the voltage between the IP and IM pins is
6.25 mV rms, and the voltages between the V1P, V2P, and VM
pins are 100 mV rms. A second reading is obtained with the
same input signal levels when the power supplies are varied by
£10%. Any error introduced is expressed as a percentage of the
reading (PSRR). PSR = 20 logio (PSRR).
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THEORY OF OPERATION
ADE7933/ADE7932 ANALOG INPUTS

The ADE7933 has three analog input channels: one current
channel and two voltage channels. The ADE7932 does not
include the second voltage channel. The current channel has
two fully differential voltage input pins, IP and IM, that accept
a maximum differential signal of £31.25 mV.

The maximum differential signal level on the IP and IM pins
with respect to GNDiso is also +31.25 mV. However, the maxi-
mum signal allowed at the IM input is £25 mV. Figure 37 shows
a schematic of the current channel input and its relation to the
maximum IM pin voltage.

Vi Vip = +31.25mV MAX PEAK
Vi = £25mV MAX

+31.25mV

ov

-31.25mV

11116-031

Figure 37. Maximum Input Level, Current Channel

The current channel is used to sense the voltage across a shunt.
In this case, one pole of the shunt becomes the ground of the
meter (see Figure 101) and, therefore, the current channel is
used in a pseudo differential configuration, similar to the
voltage channel configuration (see Figure 38).

The voltage channels have two pseudo differential, single-ended
voltage input pins: V1P and V2P. These single-ended voltage
inputs have a maximum input voltage of £500 mV with respect
to VM. The maximum signal allowed at the VM input is £25 mV.
Figure 38 shows a schematic of the voltage channel inputs and
their relation to the maximum VM pin voltage.

A V7 = £500mV MAX PEAK
Vi = £25mV MAX

+500mV

ov

-500mV

11116-032

Figure 38. Maximum Input Level, Voltage Channels

ANALOG-TO-DIGITAL CONVERSION

The ADE7933/ADE7932 have three second-order 2-A ADCs.

For simplicity, the block diagram in Figure 39 shows a first-order
2-A ADC. The converter is composed of the -A modulator and
the digital low-pass filter, separated by the digital isolation block.

A Z-A modulator converts the input signal into a continuous
serial stream of 1s and Os at a rate determined by the sampling
clock. In the ADE7933/ADE7932, the sampling clock is equal to
1.024 MHz (CLKIN/16). The 1-bit DAC in the feedback loop is
driven by the serial data stream. The DAC output is subtracted
from the input signal. If the loop gain is high enough, the average
value of the DAC output (and, therefore, the bit stream) can
approach that of the input signal level.

For any given input value in a single sampling interval, the data
from the 1-bit ADC is virtually meaningless. A meaningful result
is obtained only when a large number of samples is averaged. This
averaging is carried out in the second part of the ADC, the digital
low-pass filter, after the data is passed through the digital isolators.
By averaging a large number of bits from the modulator, the low-
pass filter can produce 24-bit data-words that are proportional
to the input signal level.

ISOLATION
BARRIER
|
|
|
ANALOG CLKIN/16 :
LQUW-PASS Q ! DIGITAL
INTEGRATOR | LOW-PASS
— LATCHED ; FILTER
R COMPARATOR .
O—wW—4—] DIGITAL NN
Noc ISOLATION 7
|
g ADE7978

$ 1-BIT DAC

ADE7932/ADE7933

11116-033

Figure 39. First-Order >-A ADC
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The Z-A converter uses two techniques—oversampling and noise
shaping—to achieve high resolution from what is essentially a
1-bit conversion technique.

Oversampling

Oversampling is the first technique used to achieve high reso-
lution. Oversampling means that the signal is sampled at a rate
(frequency) that is many times higher than the bandwidth of
interest. For example, when CLKIN = 4.096 MHz, the sampling
rate in the ADE7933/ADE7932 is 1.024 MHz, whereas the band-
width of interest is 40 Hz to 3.3 kHz. Oversampling has the effect
of spreading the quantization noise (noise due to sampling) over
a wider bandwidth. With the noise spread more thinly over a
wider bandwidth, the quantization noise in the band of interest
is lowered (see Figure 40).

A o ANTIALIASING FILTER

ADE797
DIGITAL FILTER
SIGNAL | SHAPED NOISE
! | SAMPLING
FREQUENCY
I I
NOISE \ !
I I
NN : -
* 0 334 512 1024

FREQUENCY (kHz)

HIGH RESOLUTION
OUTPUT FROM
ADE7978 DIGITAL LPF

»

SIGNAL
|

NOISE \
IR NN

1
* 0 334 512 1024
FREQUENCY (kHz)

11116-034

Figure 40. Noise Reduction Due to Oversampling and
Noise Shaping in the Analog Modulator

However, oversampling alone is not sufficient to improve the
signal-to-noise ratio (SNR) in the bandwidth of interest. For
example, an oversampling ratio of 4 is required to increase the
SNR by only 6 dB (1 bit). To keep the oversampling ratio at a
reasonable level, it is possible to shape the quantization noise so
that the majority of the noise lies at the higher frequencies (see
the Noise Shaping section).
Noise Shaping
Noise shaping is the second technique used to achieve high
resolution. In the X-A modulator, the noise is shaped by the
integrator, which has a high-pass type response for the quanti-

zation noise. The result is that most of the noise is at the higher
frequencies where it can be removed by the digital low-pass

filter in the ADE7978. This noise shaping is shown in Figure 40.

Antialiasing Filter

As shown in Figure 39, an external low-pass analog RC filter is
required on the input to the ADE7933/ADE7932 ADC. The role
of this filter is to prevent aliasing. Aliasing is an artifact of all
sampled systems, as shown in Figure 41. Aliasing refers to the
frequency components in the input signal to the ADC that are
imaged or folded back and appear in the sampled signal at a
frequency below half the sampling rate. This effect occurs with
signals that are higher than half the sampling rate of the ADC
(also known as the Nyquist frequency, that is, 512 kHz).

y ALIASING EFFECTS SAMPLING

FREQUENCY

;/‘i‘\\

0 Ka 4 / 512 1024
FREQUENCY (kHz)

IMAGE
FREQUENCIES

11116-035

Figure 41. Aliasing Effects

In Figure 41, only frequencies near the sampling frequency of
1.024 MHz move into the band of interest for metering, that is,
40 Hz to 3.3 kHz. To attenuate high frequency (near 1.024 MHz)
noise and prevent the distortion of the band of interest, a low-pass
filter (LPF) must be introduced. It is recommended that one RC
filter with a corner frequency of 5 kHz be used for the attenuation
to be sufficiently high at the sampling frequency of 1.024 MHz.
The 20 dB per decade attenuation of this filter is usually sufficient
to eliminate the effects of aliasing for conventional current sensors.

ADC Transfer Function

The ADE7933/ADE7932 provide a stream of bits at the DATA
pin based on the SYNC clock signal provided by the ADE7978
(see the Bit Stream Communication Between the ADE7978 and
the ADE7933/ADE7932 section). The ADE7978 digital filter
processes the bit streams coming from all ADE7933/ADE7932
devices in the system and produces the 24-bit signed output
codes of the ADCs.

With a full-scale input signal of £31.25 mV on the current
channel and +0.5 V on the voltage channels and with an internal
reference of 1.2 V, the ADC output code is nominally 5,320,000
and usually varies for each ADE7933/ADE7932 around this value.
The code obtained by the ADE7978 from the ADE7933/ADE7932
ADCs can vary from 0x800000 (-8,388,608) to 0x7FFFFF
(+8,388,607); this code is equivalent to an input signal level of
+49.27 mV on the current channel and +0.788 V on the voltage
channels. However, for specified performance, do not exceed the
nominal range of £31.25 mV for the current channel and 0.5V
for the voltage channels; ADC performance is guaranteed only
for input signals within these limits.
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CURRENT CHANNEL ADC

In this data sheet, the measurements obtained on the current
channel of the ADE7933/ADE7932 devices that monitor Phase A,
Phase B, and Phase C are called IA, IB, and IC, respectively (see
Figure 101). The measurement obtained on the current channel
of the ADE7933/ADE7932 device that monitors the neutral
current is called IN (see Figure 102).

Figure 42 shows the signal processing path for Input IA in the
current channel (the path is the same for IB and IC). The ADC
outputs are signed twos complement 24-bit data-words and are
available at a rate 8000 samples per second (8 kSPS).

With the specified full-scale analog input signal of £31.25 mV, the
ADC produces its maximum output code value. Figure 42 shows
a full-scale voltage signal applied to the differential inputs (IP and
IM). The ADC output swings from —5,320,000 to +5,320,000.
Note that these are nominal values, and every ADE7978/
ADE7933/ADE7932 chipset varies around these values.

Input IN corresponds to the neutral current of a 3-phase system.
If the neutral line is not monitored, connect the DATA_N pin

of the ADE7978 to VDD. The datapath of the neutral current is
similar to the path of the phase currents, as shown in Figure 43.
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Figure 42. Phase A Current Channel Signal Path
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Figure 43. Neutral Current Signal Path
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Current Waveform Gain Registers

There is a multiplier in the signal path of each phase and neutral
current. The current waveform can be changed by +100% by
writing a corresponding twos complement number to the 24-bit
signed current waveform gain registers (AIGAIN, BIGAIN,
CIGAIN, and NIGAIN). For example, if 0x400000 is written to
these registers, the ADC output is scaled up by 50%. To scale
the output by —50%, write 0xC00000 to the registers. Equation 5
describes mathematically the function of the current waveform
gain registers.

Current Waveform = (5)
Contents of Current Gain Register]

223

Changing the contents of the AIGAIN, BIGAIN, CIGAIN, or
NIGAIN register affects all calculations based on the current
of the corresponding phase, including the active, reactive, and
apparent energy and the current rms calculations. In addition,
waveform samples scale accordingly.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. The 24-bit
AIGAIN, BIGAIN, CIGAIN, and NIGAIN registers are sign
extended to 28 bits and padded with four Os for transmission
as 32-bit registers (see Figure 44).

ADCOutput x (1 +

31 28 27 24 23 0

0000 W %
NN

BITS[27:24] ARE BIT 23 1S A SIGN BIT
EQUAL TO BIT 23

Figure 44. 24-Bit xIGAIN Register Transmitted as a 32-Bit Signed Word

24-BIT NUMBER

11116-038

The ADE7933/ADE7932 contain a temperature sensor that is
internally multiplexed with the second voltage measurement,
V2P (see the Second Voltage Channel and Temperature
Measurement section). The ADE7978 assumes that all shunts
used in the system have the same temperature coefficient. The
24-bit signed register TEMPCO contains the value of the
temperature coefficient.

Assume that the shunt resistance, R, varies linearly according
to the following formula:

R=Rox [1 +ex (T - To)] (6)

where:

Ry is the shunt resistance at the nominal temperature, To.
¢ is the temperature coefficient of the shunt.

T is the temperature of the shunt.

To compensate for the increase in resistance, the current wave-
form must be divided by 1 + € x (T — Ty). Because ¢ is a very
small number, this expression is equivalent to a multiplication
by 1 — & x (T — To). This multiplication is introduced in the
datapath signal of each phase and neutral current.

Current Waveform =
ADC Output x [1 — e x (T — To)] (7)

The 24-bit signed ATEMP0, BTEMP0, CTEMPO, and NTEMPO
registers represent the ambient temperature (T0) at which the
meter temperature sensor gain calibration was executed on
every phase (see the Second Voltage Channel and Temperature
Measurement section). The 24-bit signed ATEMP, BTEMP,
CTEMP, and NTEMP registers represent the shunt tempera-
tures (T) measured by the temperature sensor of every ADE7933/
ADE?7932 in the system.

The temperature sensor measurement starts when the VT_A,
VT_B, VT_C, and VT_N pins of the ADE7978 are set low; the
results are first stored in the ATEMP, BTEMP, CTEMP, and
NTEMP registers after 1.024 sec (see the Second Voltage Channel
and Temperature Measurement section). At this point, the temp-
erature compensation scheme becomes active and works at an

8 kHz update rate. Therefore, ATEMP, BTEMP, CTEMP, and
NTEMP represent the temperature (T) in Equation 7.

Equation 8 describes mathematically the function of the current
waveform temperature compensation.

Current Waveform = (8)
ADC Output x
IGAIN TEMPCO TEMP TEMPO
1+ x| 1 - x -
223 223 223 223

where TEMPCO, TEMP, and TEMPO represent the contents
of the registers with the same name.

A simple approach to implement temperature compensation is
to use the temperature measurements without any gain correction
(see the Second Voltage Channel and Temperature Measurement
section). The XTEMP and XTEMPO registers contain the temper-
ature sensor measurements. Set the 24-bit signed register
TEMPCO to the following value:

TEMPCO = ¢ x k x 21 9)
where:
¢ is the temperature coefficient of the shunt.
k =8.72101 x 107° is the gain correction of the temperature
measurement.
For example, if € = 50 ppm/°C,
TEMPCO = round(50 x 107 x 8.72101 x 107> x 2%) =
306,843 = 0x4AE9B

The maximum value that can be written to the TEMPCO
register is 0x7FFFFE This value translates into a maximum
temperature coefficient that can be compensated equal to

1
2% % 8.72101x107°

= 1367 ppm/°C

Eymax =
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Current Channel HPF

The ADC outputs may contain a dc offset that can create errors in
power and rms calculations. High-pass filters (HPFs) are placed
in the signal path of the phase and neutral currents and in the
signal path of the phase voltages. When the HPF is enabled, the
filter eliminates any dc offset on the current channel. All filters
in both current and voltage channels are implemented in the DSP
and are enabled by default: Bit 4 (HPFEN) of the CONFIG register
(Address 0xE618) is set to 1. All filters are disabled by setting
Bit 4 (HPFEN) to 0.

Current Channel Sampling

The waveform samples of the current channel are taken at the
output of the HPF and stored in the 24-bit signed IAWYV, IBWYV,
ICWYV, and INWYV registers at a rate of 8 kSPS. All power and
rms calculations remain uninterrupted during this process.

Bit 17 (DREADY) in the STATUSO register (Address 0xE502) is
set when the IAWYV, IBWV, ICWV, and INWYV registers are avail-
able to be read using the I°C or SPI serial port. Setting Bit 17
(DREADY) in the MASKO register (Address 0xE50A) enables
an interrupt to be set when the DREADY flag is set. For more
information about the DREADY bit, see the Digital Signal
Processor section.

In addition, if Bits[1:0] (ZX_DREADY) in the CONFIG register
are set to 00, the DREADY functionality is selected at the
ZX/DREADY pin. In this case, the pin goes low approximately
70 ns after the DREADY bit is set to 1 in the STATUSO register.
The ZX/DREADY pin stays low for 10 ps and then returns high.

The low to high transition of the ZX/DREADY pin can be used

to initiate a burst read of the waveform sample registers. For more
information, see the I*C Burst Read Operation and the SPI Burst
Read Operation sections.

For information about using the ZX functionality at the
ZX/DREADY pin (ZX_DREADY bits in the CONFIG register
are set to 01, 10, or 11), see the Zero-Crossing Detection section.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. When the
24-bit signed IAWYV, IBWYV, ICWYV, and INWYV registers are
read from the ADE7978, they are transmitted as sign extended
32-bit registers (see Figure 45).

31 2423 22 0

V % 24-BIT SIGNED NUMBER

BITS[31:24] ARE
EQUAL TO BIT 23

Figure 45. 24-Bit IxWV Register Transmitted as a 32-Bit Signed Word

The ADE7978 contains a high speed data capture (HSDC) port
that is specially designed to provide fast access to the waveform
sample registers. For more information, see the HSDC Interface
section.

BIT 23 1S A SIGN BIT

11116-039
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VOLTAGE CHANNEL ADCs

In this data sheet, the measurements obtained on the voltage
channel of the ADE7933/ADE7932 devices that monitor Phase A,
Phase B, and Phase C are called VA, VB, and VG, respectively. The
measurement obtained on the voltage channel of the ADE7933/
ADE7932 device that monitors the neutral current is called VN
(see Figure 102). VA, VB, VC, and VN represent the signals mea-
sured between the V1P and VM pins of the ADE7933/ADE7932
devices in the system. The signals measured between the V2P and
VM pins of the ADE7933/ADE7932 devices are called VA2, VB2,
VC2, and VN2 (see the Second Voltage Channel and Temperature
Measurement section).

Figure 46 shows the ADC and signal processing chain for Input VA
in the voltage channel (the path is the same for VB and VC).

The ADC outputs are signed twos complement 24-bit words
and are available at a rate of 8 kSPS.

With the specified full-scale analog input signal of 0.5V, the
ADC produces its maximum output code value. Figure 46 shows
a full-scale voltage signal applied to the differential inputs (V1P
and VM). The ADC output swings from —5,320,000 to +5,320,000.
Note these are nominal values, and every ADE7978/ADE7933/
ADE7932 chipset varies around these values.

Input VN between the V1P and VM pins of the neutral line
ADE7933/ADE7932 corresponds to the earth to neutral voltage
of a 3-phase system. If no voltage is monitored at the V1P pin,
connect the V1P pin to the VM pin. The datapath of the earth
to neutral voltage is similar to the path of the phase voltages, as
shown in Figure 47.

ADE7978

PHASE A
ADE7933

REFERENCE

AVGAIN[23:0]

HPFEN BIT
CONFIG[4]

VOLTAGE PEAK,
OVERVOLTAGE, SAG DETECTION

FUNDAMENTAL VOLTAGE RMS
(AFVRMS) CALCULATION

VOLTAGE RMS (AVRMS)
CALCULATION

VAWV WAVEFORM
SAMPLE REGISTER

TOTAL/FUNDAMENTAL
p—» ACTIVE AND REACTIVE

V1P POWER CALCULATION
o—o
v, * - | 1] | DIGITAL
N MODULATOR LPF Py |—» 7X DETECTION
o0—— 4 LPF1 -
M & )
Vin VOLTAGE CHANNEL ZX SIGNAL DATA RANGE
\ | DATA RANGE |
+0.5V 0x512D40 = 0x512D40 =
+5,320,000 +5,320,000
ov ov ov
_0.5v OXFFAED2CO = OXFFAED2CO = g
¥ ANALOG INPUT RANGE 5,320,000 Y ADC OUTPUT RANGE 5,320,000 E

Figure 46. Phase A to Neutral Voltage Channel Datapath

ADE7978

NEUTRAL LINE
ADE7933

REFERENCE

NVGAIN[23:0]

HPFEN BIT

GO VNWV WAVEFORM

SAMPLE REGISTER

|.,C VOLTAGE RMS (NVRMS)
HPE CALCULATION

V1P
o—
v * I-A DIGITAL
IN MODULATOR LPF
4
VM
Vin
A
+0.5V 0x512D40 =
+5,320,000
ov ov
0.5V OXFFAED2CO =
§ ANALOG INPUT RANGE -5,320,000

J§ ADC OUTPUT RANGE

VOLTAGE CHANNEL
DATA RANGE

11116-041

Figure 47. Earth to Neutral Voltage Channel Datapath
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Second Voltage Channel and Temperature Measurement

Figure 48 shows the ADC and signal processing chain for the
Input VA2 in the voltage channel (ADE7933 only). The VB2,
VC2, and VN2 channels have similar processing chains. The
V2P input pin of the ADE7933/ADE7932 is multiplexed with a
temperature sensor. On the ADE7932, the Vx2 channel is not
available, and the V2P pin must be connected to the VM pin.
On the ADE7933, if no voltage is monitored at the V2P pin,
connect the V2P pin to the VM pin.

On the ADE7933/ADE7932, the selection of the second voltage
channel or the temperature sensor is based on the state of the
V2/TEMP pin. Connect the V2/TEMP pin of the ADE7933/
ADE7932 to the appropriate pin of the ADE7978 (see Figure 1
and Table 15).

Table 15. Connecting the ADE7933/ADE7932 V2/TEMP Pin
to the ADE7978

Although the Vx2 channel is not available on the ADE7932,
the V2/TEMP pin must still be connected to the corresponding
VT_A,VT_B, VT_C, or VT_N pin of the ADE7978.

The V2/TEMP pin is also used during the reset procedure
of the ADE7933/ADE7932 (see the Hardware Reset section).

On the ADE7978, the selection of the second voltage channel

or the temperature sensor is based on Bits[3:0] (VN2_EN,
VC2_EN, VB2_EN, and VA2_EN) in the CONFIG3 register
(Address 0xE708). When these bits are set to 1 (the default value),
the VT_A, VT_B, VT_C, and VT_N pins are set high, and VA2,
VB2, VC2, and VN2 are measured. When the bits are cleared to
0,the VT_A, VT_B, VT_C, and VT_N pins are set low, and the
temperature sensors of each ADE7933/ADE7932 are measured.
This is true even on the ADE7932 where the temperature sensor
is always measured.

ADE7933/ADE7932 | V2/TEMP Pin of the ADE7933/ADE7932
Monitors This Phase | Connected to This Pin on the ADE7978
Phase A VT_A
Phase B VT_B
Phase C VT_C
Phase N VT_N
PHASE A ADE7978
ADE7933

TEMPERATURE
SENSOR

REFERENCE

AV2GAIN[23:0]

HPFEN BIT
CONFIG[4]

VA2WV WAVEFORM

V2P SAMPLE REGISTER
I-A | DIGITAL / VOLTAGE RMS (AV2RMS)
Vin o MODULATOR ™ LPF HPE CALCULATION
o—
VM VT A BIT 0 (VA2_EN) IN
= CONFIG3 REGISTER
SETTO 1
Vin \ VOLTAGE CHANNEL DATA RANGE
A A WHEN V2P IS SELECTED
+0.5V 0x512D40 =
+5,320,000
ov ov
0.5V OXFFAED2CO = g
¥ ANALOG INPUT RANGE 5,320,000 § ADC OUTPUT RANGE L

Figure 48. Phase A V2P Channel Datapath (ADE7933 Only)
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Figure 49 shows the ADC and signal processing chain for the
temperature sensor when the ADE7933/ADE7932 monitor
Phase A. The temperature measurement is characterized by
offset and gain errors. The offset information is calculated
during the manufacturing process and is stored with a sign
opposite of the calculated sign into the ADE7933/ADE7932.

The ADE7978 reads the offset information using the bit stream
communication (see the Bit Stream Communication Between
the ADE7978 and the ADE7933/ADE7932 section for more
information). The ADE7978 then stores this information in the
8-bit signed ATEMPOS, BTEMPOS, CTEMPOS, and NTEMPOS
registers. The offset information is shifted left by 11 bits before
it is added to the temperature datapath.

The 24-bit signed temperature gain registers (ATGAIN, BTGAIN,
CTGAIN, and NTGAIN) can be used for gain compensation to
change the temperature waveform by +100%. For example, if
0x400000 is written to these registers, the ADC output is scaled
up by 50%. To scale the output by —50%, write 0xC00000 to the
registers. Equation 10 describes mathematically the function of
the temperature waveform gain registers.

Temperature Waveform = (10)

The temperature measurements are also used in the current
channel datapath for the temperature compensation of the current
gain (see the Current Waveform Gain Registers section). A simple
approach to implement the temperature measurement is to leave
the temperature gain registers at their default values so that the
temperature compensation path uses the temperature measure-
ments without any gain correction.

The temperature measurement results are stored in the 24-bit
signed ATEMP, BTEMP, CTEMP, and NTEMP registers 1.024 sec
after the temperature sensor measurement is started by setting
the VT_A, VT_B, VT_C, and VT_N pins low. These registers
are updated at an 8 kSPS rate. The VT_A, VT_B, VT_C, and
VT_N pins must be kept low for at least 1.024 sec for the
temperature measurement results to be stored in the ATEMP,
BTEMP, CTEMP, and NTEMP registers.

The microcontroller can obtain the temperature measurements
expressed in °C units by applying the following formula:

Temperature(°C) = 8.72101 x 107 x TEMP - 306.47  (11)

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. Like the
SAGLVL register shown in Figure 61, the 24-bit signed ATEMP,

ADC Output x | 1 + Contents of Temp Gain Register BTEMP, CTEMP, and NTEMP registers are transmitted as 32-bit
923 registers with the eight MSBs padded with Os.
PHASE A ADE7978
ADE7933

TEMPERATURE
SENSOR

REFERENCE

ATEMPOS[7:0]

ATEMP TEMPERATURE

v2p
A _ | DIGITAL -
Vin MODULATOR ™ " LPF >
o_
VM VT A BIT 0 (VA2_EN) IN
= CONFIG3 REGISTER
CLEARED TO 0

RANGE
D\;\%‘II'T}—'?JITOII_AFZ’F - AIGAIN TEMPERATURE
CORNER COMPENSATION

VIN\
+0.3672V A

+0.3098V

|
+0.2472V

ov L
—40°C +25°C +85°C

TEMPERATURE SENSOR CHARACTERISTIC

————————————————————— 4,488,800

3,800,800

3,055,500

ov

—40°C +25°C +85°C

WHEN TEMPERATURE SENSOR IS SELECTED

VOLTAGE CHANNEL DATA RANGE
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Figure 49. Temperature Measurement Datapath
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Voltage Waveform Gain Registers

There is a multiplier in the signal path of each phase voltage.
The voltage waveform can be changed by +100% by writing

a corresponding twos complement number to the 24-bit signed
voltage waveform gain registers (AVGAIN, AV2GAIN, BVGAIN,
BV2GAIN, CVGAIN, CV2GAIN, NVGAIN, and NV2GAIN).
For example, if 0x400000 is written to these registers, the ADC
output is scaled up by 50%. To scale the output by —50%, write
0xC00000 to the registers. Equation 12 describes mathemati-
cally the function of the voltage waveform gain registers.

Voltage Waveform = (12)
Contents of Voltage Gain RegisterJ

223

Changing the contents of the AVGAIN, AV2GAIN, BVGAIN,
BV2GAIN, CVGAIN, CV2GAIN, NVGAIN, or NV2GAIN
register affects all calculations based on the voltage of the
corresponding phase, including the active, reactive, and apparent
energy and the voltage rms calculations. In addition, waveform
samples scale accordingly.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. Like the
xIGAIN registers shown in Figure 44, the AVGAIN, AV2GAIN,
BVGAIN, BV2GAIN, CVGAIN, CV2GAIN, NVGAIN, and
NV2GAIN registers are sign extended to 28 bits and padded
with four Os for transmission as 32-bit registers.

Voltage Channel HPF

The ADC outputs may contain a dc offset that can create errors
in power and rms calculations. High-pass filters (HPFs) are placed
in the signal path of the phase voltages and the phase and neutral
currents. When the HPF is enabled, the filter eliminates any dc
offset on the voltage channel. All filters in both voltage and current
channels are implemented in the DSP and are enabled by default:
Bit 4 (HPFEN) of the CONFIG register (Address 0xE618) is set
to 1. All filters are disabled by setting Bit 4 (HPFEN) to 0.

ADC Output x (1 +

Voltage Channel Sampling

The waveform samples of the voltage channels are taken at
the output of the HPF and are stored in the 24-bit signed
VAWYV, VA2WYV, VBWYV, VB2WV, VCWYV, VC2WV, VNWYV,
and VN2WYV registers at a rate of 8 kSPS. All power and rms
calculations remain uninterrupted during this process.

Bit 17 (DREADY) in the STATUSO register (Address 0xE502) is
set when the VAWYV, VA2WYV, VBWV, VB2WV, VCWV, VC2WYV,
VNWYV, and VN2WYV registers are available to be read using the
I>C or SPI serial port. Setting Bit 17 (DREADY) in the MASKO
register (Address 0XE50A) enables an interrupt to be set when the
DREADY flag is set. For more information about the DREADY
bit, see the Digital Signal Processor section.

In addition, if Bits[1:0] (ZX_DREADY) in the CONFIG register
are set to 00, the DREADY functionality is selected at the
ZX/DREADY pin. In this case, the pin goes low approximately
70 ns after the DREADY bit is set to 1 in the STATUSO register.
The ZX/DREADY pin stays low for 10 ps and then returns high.

The low to high transition of the ZX/DREADY pin can be used

to initiate a burst read of the waveform sample registers. For more
information, see the I*C Burst Read Operation and the SPI Burst
Read Operation sections.

For information about using the ZX functionality at the
ZX/DREADY pin (ZX_DREADY bits in the CONFIG register
are set to 01, 10, or 11), see the Zero-Crossing Detection section.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. Like the IxWV
registers shown in Figure 45, the 24-bit signed VAWV, VA2WYV,
VBWYV, VB2WV, VCWYV, VC2WV, VNWYV, and VN2WYV registers
are transmitted as sign extended 32-bit registers.

The ADE7978 contains a high speed data capture (HSDC) port
that is specially designed to provide fast access to the waveform
sample registers. For more information, see the HSDC Interface
section.
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CHANGING THE PHASE VOLTAGE DATAPATH

The ADE7978 can direct one phase voltage input to the compu-
tational datapath of another phase. For example, the Phase A
voltage can be introduced into the Phase B computational data-
path, which means that all powers computed by the ADE7978
in Phase B are based on the Phase A voltage and the Phase B
current. Table 16 lists the settings of the VTOIA[1:0] bits and
the configured phase voltage directed to the Phase A computa-

tional datapath.

Table 16. VT OIA[1:0] Bit Settings (CONFIG Register,

Bits[9:8])

VTOIA[1:0] Bits

Voltage Directed to the Phase A
Computational Datapath

00 (default)
01
10
11

Phase A voltage
Phase B voltage
Phase C voltage
Phase A voltage

Table 17 lists the settings of the VTOIB[1:0] bits and the configured
phase voltage directed to the Phase B computational datapath.

Table 17. VTOIB[1:0] Bit Settings (CONFIG Register,

Bits[11:10])

VTOIB[1:0] Bits

Voltage Directed to the Phase B
Computational Datapath

00 (default)
01
10
11

Phase B voltage
Phase C voltage
Phase A voltage
Phase B voltage

Table 18 lists the settings of the VTOIC[1:0] bits and the con-
figured phase voltage directed to the Phase C computational

datapath.

Table 18. VTOIC[1:0] Bit Settings (CONFIG Register,

Bits[13:12])

VTOIC[1:0] Bits

Voltage Directed to the Phase C
Computational Datapath

00 (default)
01
10
11

Phase C voltage
Phase A voltage
Phase B voltage
Phase C voltage

Figure 50 shows the Phase A voltage used in the Phase B data-
path, the Phase B voltage used in the Phase C datapath, and the
Phase C voltage used in the Phase A datapath.

PHASE A
COMPUTATIONAL
APHCAL DATAPATH VTOIA[1:0] = 10,
— PHASE C VOLTAGE
VA DIRECTED
O - l«—— TOPHASEA
‘—/_\
B
o VTOIB[1:0] = 10,
PHASE B PHASE A VOLTAGE
COMPUTATIONAL DIRECTED
BPHCAL DATAPATH TO PHASE B

/\
Ic “] VTOIC[L:0] = 10,
| I

PHASE B VOLTAGE
PHASE C DIRECTED

COMPUTATIONAL TO PHASE C

DATAPATH

<
(¢}
11116-044

Figure 50. Phase Voltages Used in Different Datapaths

REFERENCE CIRCUITS

The nominal reference voltage at the REF pin of the ADE7933/
ADE7932 is 1.2 V. This reference voltage is used for the ADCs.

Because the on chip dc-to-dc converter cannot supply external

loads, the REF pin cannot be overdriven by a standalone external
voltage reference.

The voltage of the ADE7933/ADE7932 reference drifts slightly
with temperature. Table 6 specifies the gain drift over temperature
for each ADC channel. The gain drift includes the temperature
variation of the ADC gain, together with the temperature varia-
tion of the internal voltage reference. The value of the gain
temperature drift varies from device to device.

Because the energy calculation uses two ADC channels, one for
the current and one for the voltage, any x% drift in the gain results
in a 2x% deviation of the meter accuracy. The reference drift
resulting from temperature changes is usually very small and is
typically much smaller than the drift of other components on a
meter. As an alternative, the meter can be calibrated at multiple
temperatures.

The VA2, VB2, VC2, and VN2 voltages and the temperature
sensor use the third ADC of the ADE7933/ADE7932, so any x%
drift in the gain results in an x% deviation of these measurements.
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PHASE COMPENSATION

Typically, phase compensation is not needed in the
ADE7978/ADE7933/ADE7932 chipset. As described in the
Current Channel ADC and Voltage Channel ADC sections, the
same datapath is used for the phase current and phase voltages;
therefore, no phase error exists between the phase current and
voltage signals introduced by the ADE7978. In addition, shunts
are used with the ADE7933/ADE7932 devices to sense the phase
currents, eliminating the need for phase compensation.

The ADE7978 provides a means of digitally calibrating eventual
phase mismatch errors. The ADE7978 allows a small time delay
or time advance to be introduced into the signal processing chain
to compensate for the small phase errors.

The 10-bit phase calibration registers (APHCAL, BPHCAL, and
CPHCAL) can vary the time advance in the voltage channel signal
path from —374.0 ps to +374.0 pus. Negative values written to the
xPHCAL registers represent a time advance, whereas positive
values represent a time delay. One LSB is equivalent to 0.976 ps of
time delay or time advance (assuming a clock rate of 1.024 MHz).
With a line frequency of 60 Hz, this calibration gives a phase reso-
lution of 0.0211° (360° x 60 Hz/1.024 MHz) at the fundamental
and corresponds to a total correction range of —8.079° to +8.079°
at 60 Hz. With a line frequency of 50 Hz, the correction range

is —6.732° to +6.732°, and the resolution is 0.0176° (360° x

50 Hz/1.024 MHz).

Given a phase error of x degrees, measured using the phase
voltage as the reference, the corresponding LSBs are computed
by dividing x by the phase resolution (0.0211°/LSB for 60 Hz
and 0.0176°/LSB for 50 Hz). Only results from —383 to +383 are
allowed; values outside this range are not allowed.

If the current leads the voltage, the result is negative, and the
absolute value is written to the xPHCAL registers. If the current
lags the voltage, the result is positive and 512 is added to the
result before it is written to the xPHCAL registers.

APHCAL, BPHCAL, or CHPCAL = (13)

X
,x<0

phase _resolution

X +512, x> 0

phase _resolution

Figure 52 illustrates the use of phase compensation to remove an
x = —1° phase lead in IA of the current channel from the external
current transducer (equivalent of 55.5 ps for 50 Hz systems). To
cancel the lead (1°) in the current channel of Phase A, a phase
lead must be introduced into the corresponding voltage channel.
Using Equation 13, APHCAL is 57 LSBs, rounded up from 56.8.
The phase lead is achieved by introducing a time delay of 55.73 us
into the Phase A current.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. As shown
in Figure 51, the 10-bit APHCAL, BPHCAL, and CPHCAL
registers are accessed as 16-bit registers with the six MSBs
padded with Os.

15 10 9 0
0000 00 XxPHCAL
| | |

11116-058

Figure 51. 10-Bit xPHCAL Register Transmitted as a 16-Bit Word
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Figure 52. Phase Calibration Process
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DIGITAL SIGNAL PROCESSOR

The ADE7978 contains a fixed function digital signal processor
(DSP) that computes all powers and rms values. The DSP con-
tains program memory ROM and data memory RAM.

Program memory ROM stores the program used for the power
and rms computations; the processor executes the program every
8 kHz. The end of the computations is signaled by setting Bit 17
(DREADY) to 1 in the STATUSO register (Address 0xE502). An
interrupt attached to this flag can be enabled by setting Bit 17
(DREADY) in the MASKO register (Address 0XE50A).

When the interrupt is enabled, the IRQO pin is set low and the
DREADY status bit is set to 1 at the end of the computations.
The status bit is cleared and the IRQO pin returns high when
a 1is written to Bit 17 (DREADY) in the STATUSO register.

In addition, when Bits[1:0] (ZX_DREADY) in the CONFIG

register (Address 0xE618) are set to 00, the DREADY functionality

is selected at the ZX/DREADY pin. In this case, the ZX/DREADY
pin goes low approximately 70 ns after the DREADY bit is set to
1 in the STATUSO register. The ZX/DREADY pin stays low for
10 ps and then returns high.

The low to high transition of the ZX/DREADY pin can be used
to initiate a burst read of the waveform sample registers. For more
information, see the I?°C Burst Read Operation and the SPI Burst
Read Operation sections. For information about using the ZX
functionality at the ZX/DREADY pin (ZX_DREADY bits in the
CONTFIG register are set to 01, 10, or 11), see the Zero-Crossing
Detection section.

The registers used as inputs by the DSP are located in the data
memory RAM at addresses from 0x4380 to 0x43BE. The width
of this memory is 28 bits. Within the DSP core, the DSP contains
a two-stage pipeline. This means that when a single register must
be initialized, two more writes are required to ensure that the
value is written into RAM, and if two or more registers must be
initialized, the last register must be written two more times to
ensure that the values are written into RAM.

At power-up or after a hardware or software reset, the DSP is in
idle mode. No instruction is executed. All registers located in
the data memory RAM are initialized to 0, their default values,
and they can be read or written without any restriction. The run
register (Address 0xE228), which is used to start and stop the
DSP, is cleared to 0x0000.

The run register must be written with 0x0001 for the DSP to start
code execution. Before writing 0x0001 to the run register, it is
recommended that all ADE7978 registers located in the data
memory RAM be initialized to their desired values. Next, write
the last register in the queue two additional times to flush the
pipeline, and then write 0x0001 to the run register. In this way,
the DSP starts the computations from a desired configuration.

To protect the integrity of the data stored in the data memory RAM
of the DSP (addresses from 0x4380 to 0x43BF), a write protection
mechanism is available. By default, the protection is disabled and
registers located from Address 0x4380 to Address 0x43BF can be
written without restriction. When the protection is enabled, no
writes to these registers are allowed. Registers can always be read
without restriction, independent of the write protection state.

To enable the protection, write 0xAD to the internal 8-bit register
located at Address 0xE7FE, followed by a write of 0x80 to the
internal 8-bit register located at Address 0xE7E3.

It is recommended that the write protection be enabled after the
registers are initialized. If any data memory RAM-based register
must be changed, disable the protection, change the value, and
then reenable the protection. There is no need to stop the DSP
to change these registers.

To disable the protection, write 0XAD to the internal 8-bit
register located at Address OXE7FE, followed by a write of 0x00
to the internal 8-bit register located at Address 0xE7E3.

The recommended procedure for initializing the registers
located in the data memory RAM at power-up is described in
the Initializing the Chipset section.

In the unlikely event that one or more registers are not initialized
correctly, disable the protection by writing 0xAD to the internal
8-bit register located at Address 0xE7FE, followed by a write of
0x00 to the internal 8-bit register located at Address 0xE7E3.
Reinitialize the registers, writing the last register in the queue three
times. Enable the write protection by writing 0xAD to the internal
8-bit register located at Address 0xE7FE, followed by a write of
0x80 to the internal 8-bit register located at Address 0xE7E3.

There is no obvious reason to stop the DSP. All ADE7978
registers, including the registers located in the data memory RAM,
can be modified without stopping the DSP. However, to stop the
DSP, 0x0000 must be written to the run register. To restart the DSP,
one of the following procedures must be followed:

e Ifthe ADE7978 registers located in the data memory RAM
have not been modified, write 0x0001 to the run register to
start the DSP.

e Ifthe ADE7978 registers located in the data memory RAM
must be modified, execute a software or a hardware reset,
initialize all ADE7978 registers at the desired values, enable
the write protection, and then write 0x0001 into the run
register to start the DSP.
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POWER QUALITY MEASUREMENTS

ZERO-CROSSING DETECTION

The ADE7978 has a zero-crossing (ZX) detection circuit on the
phase current and phase voltage channels. The neutral current
datapath and the second voltage channels do not have zero-
crossing detection circuits. Zero-crossing events are used as a
time base for various power quality measurements and in the
calibration process.

The output of the digital filter LPF1 is used to generate zero-
crossing events. The low-pass filter is intended to eliminate all
harmonics of 50 Hz and 60 Hz systems and to help identify
zero-crossing events on the fundamental components of both
current and voltage channels.

LPF1 has a pole at 80 Hz and is clocked at 256 kHz. As a result,
there is a phase lag between the analog input signal (one of IA,
IB, IC, VA, VB, or VC) and the output of LPF1. The error in ZX
detection is 0.0703° for 50 Hz systems and 0.0843° for 60 Hz
systems. The phase lag response of LPF1 results in a time delay
of approximately 31.4° (1.74 ms) at 50 Hz between the input
and output. The overall delay between the zero crossing on the
analog inputs and the ZX detection obtained after LPF1 is
approximately 39.6° (2.2 ms) at 50 Hz. The ADC and HPF
introduce the additional delay. To assure a good resolution of
the ZX detection, LPF1 cannot be disabled. Figure 53 shows
how the zero-crossing signal is detected.

IA, IB, IC AFTER

TEMPERATURE
COMPENSATION

ZX
[
LPF1 DETECTION

OR
VA, VB, VC AFTER
HPF

A
|—39.6° OR 2.2ms @ 50Hz
1 -
0.855 K £
/ \ / \
! \ ! \
/ \ ! \
ov \zx
y Tzx  |zx
)
IA, IB, IC, 1 AW \
ORVA, VB, VC N7
LPF1
OUTPUT
oz g
DREADY PIN g

Figure 53. Zero-Crossing Detection on Voltage and Current Channels

To provide additional protection from noise, input signals to
the voltage channel with amplitudes 1000 times lower than full
scale never generate zero-crossing events. The current channel
ZX detection circuit is active for all input signals, regardless of
their amplitudes.

The ADE7978 contains six zero-crossing detection circuits, one
for each phase voltage and current channel. Each circuit drives a
flag in the STATUS] register (Address 0xE503). The status bits set
in the STATUSI register when a zero-crossing detection circuit
detects a zero-crossing event are listed in Table 19.

Table 19. Zero-Crossing Status Bits in the STATUS1 Register

Bit No. Bit Name | Zero-Crossing Event Detected on
9 ZXVA Phase A voltage
10 ZXVB Phase B voltage

1 ZXVC Phase C voltage
12 ZXIA Phase A current
13 ZXIB Phase B current
14 ZXIC Phase C current

If a ZX detection bit (any of Bits[14:9]) is set in the MASK1 register
(Address 0xE50B), the IRQ1 interrupt pin is driven low and the
corresponding status flag is set to 1 when the configured zero-

crossing event occurs. The status bit is cleared and the IRQ1 pin

returns high when a 1 is written to the appropriate bit in the
STATUSI register.

By default, the ZX/DREADY pin is configured for the DREADY
functionality. Zero-crossing functionality can be configured for
the ZX/DREADY pin by setting Bits[1:0] (ZX_DREADY) in the
CONFIG register (Address 0xE618). When the ZX/DREADY pin
is configured for the ZX function, the pin stays high when the
phase voltage is positive and goes low when the phase voltage is
negative (see Figure 53).

When the ZX_DREADY bits are set to 01, zero-crossing events
detected on the Phase A voltage trigger the ZX/DREADY pin to
toggle simultaneously with Bit 9 (ZXVA) in the STATUSI register
being set to 1. When the ZX_DREADY bits are set to 10 or 11,
zero-crossing events detected on the Phase B or Phase C voltage
trigger the ZX/DREADY pin to toggle simultaneously with Bit 10
(ZXVB) or Bit 11 (ZXVC) in the STATUS] register being set to 1.

Zero-Crossing Timeout

Each zero-crossing detection circuit has an associated internal
timeout register that starts to decrement 1 ms (sixteen cycles of
a 16 kHz clock) after a zero-crossing event is triggered. This
register is loaded with the value written to the 16-bit ZXTOUT
register (Address 0xE60D) and is decremented by 1 LSB every
62.5 s (16 kHz clock). The register is reset to the ZXTOUT value
every time a zero crossing is detected. The default value of this
register is OXFFFE. If the timeout register decrements to 0 before
a zero crossing is detected, one of Bits[8:3] of the STATUS1
register is set to 1.

e  Bit3 (ZXTOVA), Bit 4 (ZXTOVB), and Bit 5 (ZXTOVC)
in the STATUSI register refer to the Phase A, Phase B, and
Phase C voltage channels.

e  Bit 6 (ZXTOIA), Bit 7 (ZXTOIB), and Bit 8 (ZXTOIC) in
the STATUSI register refer to the Phase A, Phase B, and
Phase C current channels.
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If a ZXTOIx or ZXTOVx bit (any of Bits[8:3]) is set in the
MASK1 register, the IRQ1 interrupt pin is driven low when the

corresponding status bit is set to 1. The status bit is cleared and
the IRQI pin returns high when a 1 is written to the appropriate
bit in the STATUS] register.

The resolution of the ZXTOUT register is 62.5 ps (16 kHz clock)
per LSB. Thus, the maximum timeout period for an interrupt is
4.096 sec, that is, 2'/16 kHz. Note that because the timer starts

to decrement 1 ms after a zero-crossing event is triggered, the
value of the ZXTOUT register is

ZXTOUT = Desired ZX Timeout x 16 kHz — 16 (14)

Figure 54 shows the mechanism of zero-crossing timeout
detection when the voltage or current signal stays at a fixed
dc level for more than 62.5 ps x ZXTOUT ps.

16-BIT INTERNAL
REGISTER VALUE
ZXTOUT

VOLTAGE
OR

CURRENT OV
SIGNAL / \/

ZXTOxy FLAG IN ‘ '
STATUS1[31:0], x =V, I, >

y=A B, C

11116-046

IRQ1 INTERRUPT PIN |

Figure 54. Zero-Crossing Timeout Detection

When the phase voltage is 0, noise in the voltage measurement
can trigger spurious zero-crossing events that may nullify the
action of the ZX timeout. A threshold 1000 times lower than full
scale is implemented in conjunction with this circuit. If the peak
of the phase voltage is below this threshold, the ZX timeout
counter begins to decrement automatically.

Phase Sequence Detection

The ADE7978 has on-chip phase sequence error detection circuits.
This detection works on phase voltages and considers only the
zero crossings determined by their negative to positive transitions.
The regular succession of these zero-crossing events is Phase A
followed by Phase B followed by Phase C (see Figure 55).

PHASE A PHASE B PHASE C
N
\ ’
N s -
N
/x~
————— - \'\.
2
ZX A ZX B ZXC §

Figure 55. Regular Succession of Zero-Crossing Events:
Phase A, Phase B, and Phase C

If the sequence of zero-crossing events is, instead, Phase A

followed by Phase C followed by Phase B, then Bit 19 (SEQERR)
in the STATUSI register is set. If Bit 19 (SEQERR) in the MASK1
register is set to 1 and a phase sequence error event is triggered,

the IRQ1 interrupt pin is driven low. The status bit is cleared and
the IRQI pin returns high when a 1 is written to Bit 19 (SEQERR)
in the STATUSI register.

The phase sequence error detection circuit is functional only
when the ADE7978/ADE7933/ADE7932 chipset is connected
in a 3-phase, 4-wire, three voltage sensor configuration (Bits[5:4],
CONSEL[1:0], in the ACCMODE register at Address 0xE701 are
set to 00). In all other configurations, only two voltage sensors
are used; therefore, it is not recommended to use the detection
circuit. In these configura-tions, use the time intervals between
phase voltages to analyze the phase sequence (see the Time
Interval Between Phases section).

Figure 56 shows an example of the Phase A voltage followed by
the Phase C voltage instead of the Phase B voltage. After this error
occurs, Bit 19 (SEQERR) in the STATUSI register is set to 1
every time a negative to positive zero crossing occurs.
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| |

A, B, C PHASE N\ P4 |
VOLTAGES AFTER N\ i I -

LPF1 N ; i

S| | |

X | | |

PN ! |

_____ (R |

| | |

| | |

ZXA | zxc | zxB !

| | |

| | |

1

BIT 19 (SEQERR) IN
STATUS1 REGISTER

IRQ1 /
7 -
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Figure 56. SEQERR Bit Set to 1 When Phase A Voltage Is Followed by
Phase C Voltage

11116-047

After a phase sequence error is detected, the time measurement
between various phase voltages can help to identify which phase
voltage should be combined with another phase current in the
computational datapath (see the Time Interval Between Phases
section). Bits[9:8] (VTOIA[1:0]), Bits[11:10] (VTOIB[1:0]), and
Bits[13:12] (VTOIC[1:0]) in the CONFIG register (Address 0xE618)
can be used to direct one phase voltage to the datapath of another
phase (see the Changing the Phase Voltage Datapath section for
more information).
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Time Interval Between Phases

The ADE7978 can measure the time delay between phase
voltages, between phase currents, or between the voltages and
currents of the same phase. The negative to positive transitions
identified by the zero-crossing detection circuit are used as the
start and stop measuring points. Because the zero-crossing events
are identified based on the fundamental components of the phase
currents and voltages, the time interval measurements relate to
the fundamental components. Only one set of time delay measure-
ments is available at one time; these measurements are based on
Bits[10:9] (ANGLESEL[1:0]) in the COMPMODE register
(Address 0XE60E).

When the ANGLESEL[1:0] bits are set to 00 (the default value),
the delays between voltages and currents on the same phase are
measured (see Figure 57). The delay between the Phase A voltage
and Phase A current is stored in the 16-bit unsigned ANGLEQ
register (Address 0xE601). The delays between the voltages and
currents of Phase B and Phase C are stored in the ANGLE1 and
ANGLE?2 registers, respectively.

A PHASE A
VOLTAGE

PHASE A
CURRENT

11116-049

-+ ANGLEO

Figure 57. Delay Between Phase A Voltage and Phase A Current Is
Stored in the ANGLEO Register

When the ANGLESEL[1:0] bits are set to 01, the delays between
phase voltages are measured. The delay between the Phase A volt-
age and the Phase C voltage is stored in the ANGLEQ register. The
delay between the Phase B voltage and the Phase C voltage is
stored in the ANGLEI register, and the delay between the Phase A
voltage and the Phase B voltage is stored in the ANGLE2 register
(see Figure 58).
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Figure 58. Delays Between Phase Voltages or Phase Currents

When the ANGLESEL[1:0] bits are set to 10, the delays between
phase currents are measured. The delay between the Phase A
current and the Phase C current is stored in the ANGLEQ register,
the delay between the Phase B current and the Phase C current is
stored in the ANGLE] register, and the delay between the Phase A
current and the Phase B current is stored in the ANGLE2 register
(see Figure 58).

The ANGLEO, ANGLEI, and ANGLE2 registers are 16-bit
unsigned registers with 1 LSB corresponding to 3.90625 ps
(256 kHz clock), which means a resolution of 0.0703° (360° x
50 Hz/256 kHz) for 50 Hz systems and 0.0843° (360° x 60 Hz/
256 kHz) for 60 Hz systems. The delays between phase voltages
or between phase currents are used to characterize how balanced
the load is. The delays between phase voltages and currents are
used to compute the fundamental power factor on each phase,
as shown in Equation 15.

360° x
cosgx = cos| ANGLEx x ﬂ (15)

256 kHz

where fune is the line frequency.

PERIOD MEASUREMENT

The ADE7978 provides the period measurement of the line in the
voltage channel. The period of each phase voltage is measured and
stored in three registers: APERIOD, BPERIOD, and CPERIOD
(Address 0xE905 to Address 0xE907). The 16-bit unsigned period
registers are updated every line period. Because of the LPF1 filter
(see Figure 53), the period measurement becomes stable after a
settling time of 30 ms to 40 ms.

The period measurement has a resolution of 3.90625 us/LSB
(256 kHz clock), which represents 0.0195% (50 Hz/256 kHz)
when the line frequency is 50 Hz and 0.0234% (60 Hz/256 kHz)
when the line frequency is 60 Hz. The value of the period registers
for 50 Hz networks is approximately 5120 (256 kHz/50 Hz); the
value of the period registers for 60 Hz networks is approximately
4267 (256 kHz/60 Hz). The length of the registers enables the
measurement of line frequencies as low as 3.9 Hz (256 kHz/2'¢).
The period registers are stable at £1 LSB when the line is estab-
lished and the measurement does not change.

Use the following equations to compute the line period and
frequency using the period registers:

T, = xPERIOD[15:0]/256E3 (sec) (16)
fi = 256E3/xPERIOD[15:0] (Hz) (17)
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PHASE VOLTAGE SAG DETECTION

The ADE7978 can be programmed to detect when the absolute
value of any phase voltage falls below or rises above a specified
peak value for a number of half line cycles. The phase in which
this event takes place and the state of the phase voltage relative
to the threshold is identified in Bits[14:12] (VSPHASE|[x]) of the
PHSTATUS register (Address 0xE600). An associated interrupt is
triggered when any phase falls below or rises above a threshold.

Bit 6 (SAGCFG) in the ACCMODE register (Address 0xE701)
selects the way that Bit 16 (sag) in the STATUSI register is
generated. If the SAGCFG bit is cleared to 0 (the default value),
the sag status bit is set to 1 when any phase voltage is below the
SAGLVL threshold. If the SAGCFG bit is set to 1, the sag status
bit is set to 1 only when a phase voltage goes below and then
above the SAGLVL threshold.

Figure 59 shows the behavior of the ADE7978 when the
SAGCEFG bit is cleared to 0.

1. The Phase A voltage falls below the threshold set in
the sag level register (SAGLVL) for four half line cycles
(SAGCYC =4).

2. When Bit 16 (sag) in the STATUSI register is set to 1 to
indicate the condition, the VSPHASE[0] bit in the PHSTATUS
register is also set to 1 because the Phase A voltage is below
SAGLVL. The IRQ1 interrupt pin goes low.

3. The microcontroller writes a 1 to Bit 16 (sag) in the STATUS1
register to clear the bit and bring the IRQ1 interrupt pin
back high. The VSPHASE[0] bit in the PHSTATUS register
remains set.

4. The Phase A voltage continues to stay below the SAGLVL
threshold for four more half line cycles (SAGCYC = 4).

5. Bit 16 (sag) in the STATUSI register is again set to 1. The
IRQLI interrupt pin is again set low. The VSPHASE[0] bit
in the PHSTATUS register remains set.

6. During the next four half line cycles (SAGCYC = 4), the
Phase A voltage is above the SAGLVL threshold. The
VSPHASE|0] bit in the PHSTATUS register is cleared to 0
at the end of the SAGCYC period.
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Figure 59. Sag Detection: SAGCFG Bit in ACCMODE Register Cleared to 0

Figure 60 shows the behavior of the ADE7978 when the
SAGCFG bit is set to 1.

1. The Phase A voltage falls below the threshold set in
the sag level register (SAGLVL) for four half line cycles
(SAGCYC =4).

2. When Bit 16 (sag) in the STATUSI register is set to 1 to
indicate the condition, the VSPHASE[O0] bit in the PHSTATUS
register is also set to 1 because the Phase A voltage is below
SAGLVL. The IRQ1 interrupt pin goes low.

3. The microcontroller writes a 1 to Bit 16 (sag) in the
STATUSI register to clear the bit and bring the IRQ1
interrupt pin back high. The VSPHASE([O0] bit in the
PHSTATUS register remains set.

4. The Phase A voltage continues to stay below the SAGLVL
threshold for four more half line cycles (SAGCYC = 4).

5. Bit 16 (sag) in the STATUSI register remains cleared to 0.

6.  After four more half line cycles, the Phase A voltage rises
above the SAGLVL threshold. _

7. Bit 16 (sag) in the STATUSI register is set to 1. The IRQ1
interrupt pin is set low. The VSPHASE[0] bit in the
PHSTATUS register is cleared to 0.

A PHASE A VOLTAGE

FULL SCALE
SAGLVL[23:0]

STATUS1[16]
CANCELLED
SAGCYC[7:0] = 0x4 BY A WRITE TO

I .
- STATUS[31:0]
! ' / WITH SAG BIT SET
BIT 16 (SAG) IN _I -|

STATUS1[31:0] . PHSTATUS[12]
> REMAINS HIGH UNTIL

|
|
|
|
1 1
rro | PHASE A VOLTAGE
! GOES ABOVE SAGLVL
|
|
|
T
|

DURING ONE SAGCYC
VSPHASE[0] =

PHSTATUS[12]
WHEN PHASE A

| ! VOLTAGE GOES
BELOW AND THEN
V= ABOVE SAGLVL
— FOR SAGCYC
IRQ1 PIN | PERIOD

Figure 60. Sag Detection: SAGCFG Bitin ACCMODE Register Set to 1

The VSPHASE[1] and VSPHASE|2] bits configure the sag events
on Phase B and Phase C in the same way: when the Phase B or
Phase C voltage stays below SAGLVL during a SAGCYC period,
these bits are set to 1. When the phase voltages are above SAGLVL
during a SAGCYC period, the bits are set to 0.

The SAGCYC register (Address 0xE704) represents the number
of half line cycles during which the phase voltage must remain
below or above the level configured in the SAGLVL register
(Address 0xE509) to trigger a sag interrupt; 0 is not a valid value for
SAGCYC. For example, when the sag cycle bits (SAGCYCJ[7:0])
contain a value of 0x07, the sag flag in the STATUSI register is
set at the end of the seventh half line cycle during which the line
voltage falls below the threshold.

» IRQ1 PIN LOW

-
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If Bit 16 (sag) in the MASKI1 register is set and a sag event
occurs, the IRQ1 interrupt pin is driven low at the same time
that Bit 16 (sag) in the STATUSI register is set to 1. The sag bit
in the STATUSI register and the IRQ1 pin are returned high by
writing a 1 to Bit 16 in the STATUSI register.

Note that the internal zero-crossing counter is always active. When
the SAGLVL register is set, the first sag detection result is, therefore,
not executed across a full SAGCYC period. Writing to the SAGCYC
register when the SAGLVL register is already initialized resets the
zero-crossing counter, thus ensuring that the first sag detection
result is obtained across a full SAGCYC period.

The recommended procedure to manage sag events is as follows:

1. Configure Bit 6 (SAGCFG) in the ACCMODE register to
select the desired behavior of the sag status bit (Bit 16) in
the STATUSI register.

2. Enable sag interrupts in the MASK1 register by setting Bit 16

(sag) to 1. When a sag event occurs, the IRQI interrupt pin
goes low, and Bit 16 (sag) in the STATUSI register is set to 1.
3. Read the STATUSI register to verify that Bit 16 is set to 1.
4. Read the PHSTATUS register (Bits[14:12]) to identify the
phase or phases on which the sag event occurred.
5. Write to the STATUSI register with Bit 16 (sag) set to 1.
The sag bit is erased immediately.

Sag Detection Level Setting

The contents of the sag level register (SAGLVL[23:0]) are
compared to the absolute value of the output from the HPE.
Writing 5,320,000 to the SAGLVL register sets the sag detection
level to full scale (see the Voltage Channel ADC section); there-
fore, the sag event is triggered continuously. Writing 0x00 or
0x01 to the SAGLVL register sets the sag detection level to 0;
therefore, the sag event is never triggered.

31 24 23 0

| 0000 0000 | 24-BIT NUMBER |

Figure 61. 24-Bit SAGLVL Register Transmitted as a 32-Bit Word
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The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words. The SAGLVL register is transmitted as a 32-bit register
with the eight MSBs padded with Os (see Figure 61).

PEAK DETECTION

The ADE7978 records the maximum absolute values reached by
the phase current and voltage channels over a specified number
of half line cycles and stores them in the least significant 24 bits

of the 32-bit IPEAK and VPEAK registers (Address 0xE500 and
Address 0xE501).

The PEAKCYC register (Address 0xE703) contains the number
of half line cycles used as a time base for the measurement. The
circuit uses the zero-crossing points identified by the zero-crossing
detection circuit. Bits[4:2] (PEAKSEL[2:0]) in the MMODE
register (Address 0xE700) select the phases on which the peak
measurement is performed. Bit 2 selects Phase A, Bit 3 selects
Phase B, and Bit 4 selects Phase C.

Selecting more than one phase to monitor the peak values
decreases proportionally the measurement period specified in
the PEAKCYC register because zero crossings from more than
one phase are involved in the process. When a new peak value is
determined, Bits[26:24] (IPPHASE[2:0]) in the IPEAK register
or Bits[26:24] (VPPHASE[2:0]) in the VPEAK register identify
the phase that triggered the peak detection event.

For example, if a peak value is identified on the Phase A current,
Bit 24 (IPPHASE[0]) in the IPEAK register is set to 1. If a new
peak value is then measured on Phase B, Bit 24 (IPPHASE[0])

of the IPEAK register is cleared to 0, and Bit 25 (IPPHASE[1])

is set to 1. Figure 62 shows the composition of the IPEAK and

VPEAK registers.

IPPHASE/VPPHASE BITS
—

31 27 26 25 24 23 0
[ oooc0 | | | [248iT unsionED NUMBER

PEAK DETECTED —* T L PEAK DETECTED

ON PHASE C ON PHASE A

PEAK DETECTED
ON PHASE B

Figure 62. Composition of IPEAK[31:0] and VPEAK[31:0] Registers
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Figure 63 shows how the ADE7978 records the peak value on
the current channel when measurements on Phase A and Phase B
are enabled (PEAKSEL[2:0] bits in the MMODE register are set
to 011).

PEAK VALUE WRITTEN INTO

IPEAK AT THE END OF FIRST
PEAKCYC PERIOD

END OF FIRST

PEAKCYC = 16 PERIOD
END OF SECOND
\ 4 PEAKCYC = 16 PERIOD

PHASE A
CURRENT

| BIT 24 OF IPEAK
CLEARED TO 0 AT
THE END OF SECOND
BIT 24 PEAKCYC PERIOD
OF IPEAK

PHASE B
CURRENT L4

BIT 25 OF IPEAK
L SETTO 1AT THE
END OF SECOND
PEAKCYC PERIOD

PEAK VALUE WRITTEN INTO
IPEAK AT THE END OF
BIT 25 SECOND PEAKCYC PERIOD

OF IPEAK -

Figure 63. Peak Level Detection

In this example, PEAKCYC is set to 16, meaning that the peak
measurement cycle is four line periods. The maximum absolute
value of Phase A is greatest during the first four line periods
(PEAKCYC = 16); therefore, the maximum absolute value is
written to the least significant 24 bits of the IPEAK register, and
Bit 24 (IPPHASEJ[0]) of the IPEAK register is set to 1 at the end
of the period. This bit remains set to 1 for the duration of the
second PEAKCYC period of four line cycles.
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The maximum absolute value of Phase B is greatest during the
second PEAKCYC period; therefore, the maximum absolute value
is written to the least significant 24 bits of the IPEAK register,
and Bit 25 (IPPHASE[1]) in the IPEAK register is set to 1 at the
end of the period.

At the end of the peak detection period in the current channel,
Bit 23 (PKI) in the STATUSI register is set to 1; if Bit 23 (PKI)
in the MASK1 register is set, the IRQI interrupt pin is driven
low at the end of the PEAKCYC period. In a similar way, at the
end of the peak detection period in the voltage channel, Bit 24
(PKV) in the STATUSI register is set to 1; if Bit 24 (PKV) in the
MASK1 register is set, the IRQI interrupt pin is driven low at the
end of the PEAKCYC period. To identify the phase that triggered
the interrupt, the IPEAK or VPEAK register is read immediately
after reading the STATUSI register. After identifying the phase
that triggered the interrupt, the status bits are cleared and the
IRQ1 pin is returned high by writing a 1 to Bit 23 (PKI) or Bit 24
(PKV) in the STATUSI register.

Note that the internal zero-crossing counter is always active.
When Bits[4:2] (PEAKSEL[2:0]) are set in the MMODE register,
the first peak detection result is, therefore, not executed across a
full PEAKCYC period. Writing to the PEAKCYC register when
the PEAKSEL[2:0] bits are already initialized resets the zero-
crossing counter, thereby ensuring that the first peak detection
result is obtained across a full PEAKCYC period.

OVERVOLTAGE AND OVERCURRENT DETECTION

The ADE7978 detects when the instantaneous absolute value
measured on the phase voltage and current channels becomes
greater than the thresholds set in the 24-bit unsigned OVLVL
and OILVL registers (Address 0xE508 and Address 0xE507).

Overvoltage Detection

If Bit 18 (OV) in the MASK1 register is set, the m interrupt
pin is driven low if an overvoltage event occurs. Two status flags
are set when an overvoltage event occurs: Bit 18 (OV) in the
STATUSI register and one of Bits[11:9] (OVPHASE[2:0]) in the
PHSTATUS register (Address 0xE600). The OVPHASE[2:0] bits
identify the phase that generated the overvoltage. Bit 18 (OV) in
the STATUSI register and Bits[11:9] (OVPHASE[2:0]) in the
PHSTATUS register are cleared and the IRQ1 pin is set high by
writing a 1 to Bit 18 (OV) in the STATUSI register.

Figure 64 shows overvoltage detection in the Phase A voltage.
When the absolute instantaneous value of the voltage goes above
the threshold set in the OVLVL register, Bit 18 (OV) in the
STATUSI register and Bit 9 (OVPHASE[0]) in the PHSTATUS
register are set to 1. Bit 18 (OV) of the STATUSI register and
Bit 9 (OVPHASE[0]) in the PHSTATUS register are cleared
when a 1 is written to Bit 18 (OV) in the STATUSI register.

PHASE A OVERVOLTAGE
VOLTAGE CHANNEL DETECTED

OVLVL[23:0]

BIT 18 (OV) OF
STATUS1
] |
| |
bl — STATUS1[18] AND
| - PHSTATUS[9]
<——~—+ CANCELLED BY A

* [ WRITE OF STATUS1
: : WITH OV BIT SET.

BIT 9 (OVPHASE)
OF PHSTATUS

Figure 64. Overvoltage Detection
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The recommended procedure to manage overvoltage events is
as follows:

1. Enable overvoltage interrupts in the MASKI1 register by
setting Bit 18 (OV) to 1. _

2. When an overvoltage event occurs, the IRQ1 interrupt pin
goes low and Bit 18 (OV) in the STATUSI register is set to 1.

3. Read the STATUSI register to verify that Bit 18 is set to 1.

4. Read the PHSTATUS register (Bits[11:9]) to identify the
phase or phases on which the overvoltage event occurred.

5. Write a 1 to Bit 18 (OV) in the STATUSI register to clear
Bit 18 and Bits[11:9] (OVPHASE[2:0]) of the PHSTATUS
register. The IRQI interrupt pin returns high.

Overcurrent Detection

If Bit 17 (OI) in the MASK1 register is set, the m interrupt
pin is driven low when an overcurrent event occurs. Two status
flags are set when an overcurrent event occurs: Bit 17 (OI) in the
STATUSI register and one of Bits[5:3] (OIPHASE[2:0]) in the
PHSTATUS register. The OIPHASE[2:0] bits identify the phase
that generated the overcurrent. The recommended procedure to
manage overcurrent events is as follows:

1. Enable overcurrent interrupts in the MASKI register by
setting Bit 17 (OI) to 1. -

2. When an overcurrent event occurs, the IRQ1 interrupt pin
goes low and Bit 17 (OI) in the STATUS] register is set to 1.

3. Read the STATUSI register to verify that Bit 17 is set to 1.

4. Read the PHSTATUS register (Bits[5:3]) to identify the
phase or phases on which the overcurrent event occurred.

5.  Write a 1 to Bit 17 (OI) in the STATUSI register to clear
Bit 17 and Bits[5:3] (OIPHASE[2:0]) of the PHSTATUS
register. The IRQ1 interrupt pin returns high.
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Overvoltage and Overcurrent Level Setting

The contents of the 24-bit unsigned overvoltage (OVLVL) and
overcurrent (OILVL) registers are compared to the absolute value
of the voltage and current channels. The maximum value of these
registers is the maximum value of the HPF outputs: 5,320,000.
When the OVLVL or OILVL register is equal to this value, the
overvoltage or overcurrent conditions are never detected. Writing
0x0 to these registers signifies that the overvoltage or overcurrent
condition is continuously detected, and the corresponding
interrupt is permanently triggered.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words. Like the SAGLVL register, the OILVL and OVLVL registers
are transmitted as 32-bit registers with the eight MSBs padded
with Os (see Figure 61).

NEUTRAL CURRENT MISMATCH

In 3-phase systems, the neutral current is equal to the algebraic
sum of the phase currents.

In(t) = La(t) + Is(t) + Ic(2)
If there is a mismatch between these two quantities, a tamper
situation may have occurred in the system.

The ADE7978 computes the sum of the phase currents by
adding the contents of the IAWYV, IBWYV, and ICWYV registers
(Address 0xE50C to Address 0xE50E) and storing the result in
the 28-bit signed ISUM register (Address 0x43CA).

Tsum(t) = Lu(t) + Is(t) + Ic(t)
The ISUM value is computed every 125 us (8 kHz frequency), the
rate at which the current samples are available. Bit 17 (DREADY)
in the STATUSO register is used to signal when the ISUM register

can be read. For more information about the DREADY bit, see
the Digital Signal Processor section.

To recover the Isum(t) value from the ISUM register, use the
following equation:

ISUM[27:0] o
ADC,,,«

Tgu () = I

where:

ADCwuax = 5,320,000, the ADC output when the input is
at full scale.

Irs is the full-scale ADC phase current.

Note that the ADE7978 also computes the rms of ISUM and
stores it in the NIRMS register (Address 0x43C9) when Bit 14
(INSEL) in the CONFIG register is set to 1. For more informa-
tion, see the Current RMS Calculation section.

When Bits[5:4] (CONSEL[1:0]) in the ACCMODE register are
set to 01 (meter functions in a 3-wire delta configuration), the
Phase B ADE7933/ADE7932 is not connected, and the IBWV
value output by the HPF is 0. In this case, ISUM represents a
negative estimate of the Phase B current (-IBWV). The NIRMS
register contains the rms value of the Phase B current if Bit 14
(INSEL) in the CONFIG register is set to 1.

The ADE7978 computes the difference between the absolute values
of ISUM and the neutral current from the INWYV register, takes the
absolute value, and compares it against the threshold configured
in the ISUMLVL register (Address 0x4398).

If [|ISUM]| — |INWV|| < |ISUMLVL, it is assumed that the
neutral current is equal to the sum of the phase currents and
that the system is functioning properly.

If||ISUM| - |INWV|| > |ISUMLVL]|, a tamper situation may have
occurred, and Bit 20 (MISMTCH) in the STATUSI register is set
to 1. An interrupt attached to the flag can be enabled by setting
Bit 20 (MISI\@-I) in the MASKI1 register. If the interrupt is
enabled, the IRQ! pin is set low when the MISMTCH status bit
is set to 1. The status bit is cleared and the IRQ1 pin returns high
by writing a 1 to Bit 20 (MISMTCH) in the STATUSI register.

If [|ISUM| — [INWV|| < |[ISUMLVL|, the MISMTCH bit = 0.
If || ISUM]| — |INWV/|| > |ISUMLVL|, the MISMTCH bit = 1.

ISUMLVL, the positive threshold used in the process, is a 24-bit
signed register. Because it is used in a comparison with an absolute
value, always set ISUMLVL to a positive value from 0x00000 to
0x7FFFFE. ISUMLVL uses the same scale as the outputs of the
current ADCs; therefore, writing 5,320,000 to the ISUMLVL
register sets the mismatch detection level to full scale (see the
Current Channel ADC section for more information). Writing
0x000000 (the default value) or a negative value to the ISUMLVL
register signifies that the MISMTCH event is always triggered.
Write the correct value for the application to the ISUMLVL
register after power-up or after a hardware or software reset to
avoid continuously triggering MISMTCH events.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. The 28-bit
signed ISUM register is transmitted as a 32-bit register with the
four MSBs padded with Os (see Figure 65).

31 28 27 0

| 0000 |

28-BIT SIGNED NUMBER

11116-057

BIT 27 1S A SIGN BIT
Figure 65. 28-Bit ISUM Register Transmitted as a 32-Bit Word

Like the xXIGAIN registers shown in Figure 44, the ISUMLVL
register is sign extended to 28 bits and padded with four Os for
transmission as a 32-bit register.
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ROOT MEAN SQUARE MEASUREMENT

Root mean square (rms) is a measurement of the magnitude of
an ac signal. Its definition can be both practical and mathematical.
Defined practically, the rms value assigned to an ac signal is the
amount of dc required to produce an equivalent amount of power
in the load. Mathematically, the rms value of a continuous signal
f(t) is defined as

frms= /%J.otfz(t)dt (18)

For time sampled signals, rms calculation involves squaring the
signal, taking the average, and obtaining the square root.

frms= |- f[n] (19)
N N=1

Equation 19 implies that for signals containing harmonics, the
rms calculation contains the contribution of all harmonics, not
only the fundamental.

The method used by the ADE7978 to compute the rms values is
to low-pass filter (LPF) the square of the input signal and take
the square root of the result (see Figure 66). If the input signal
f(t) is written as a sum of harmonic components, then

f)= iFkﬁsin(kwt+yk) (20)
k=1
The square of (t) is

f2()=>F =Y F? cos(2kot +2y,) +
k=1 k=1
. 1)
2 Y 2% F, xF, sin(kot +yk) x sin(mot +7,,)
k,m=1
k#m

After the LPF and the execution of the square root, the rms
value of {(t) is obtained by

f= /gF; (22)

The rms calculation based on this method is simultaneously
processed on all current and voltage input channels. The results
are available in the following 24-bit registers: AIRMS, AVRMS,
AV2RMS, BIRMS, BVRMS, BV2RMS, CIRMS, CVRMS, CV2RMS,
and NIRMS (Address 0x43C0 to Address 0x43C9) and NVRMS
and NV2RMS (Address 0xE530 and Address 0xE531).

In addition, the ADE7978 computes the fundamental rms value of
the phase currents and voltages and makes them available in the
following 24-bit registers: AFIRMS, BFIRMS, CFIRMS, AFVRMS,
BFVRMS, and CFVRMS (Address 0xE537 to Address 0XE53C).

CURRENT RMS CALCULATION

This section describes how the rms values of all phase and neutral
currents are computed. Figure 66 shows the signal processing chain
for the rms calculation on one phase of the current channel. The
current channel rms value is processed from the samples used
in the current channel.

The current rms values are signed 24-bit values and are stored
in the AIRMS, BIRMS, CIRMS, and NIRMS registers. The rms
values of the fundamental components are stored in the AFIRMS,
BFIRMS, and CFIRMS registers. The update rate of the current
rms measurement is 8 kHz.

xIRMSOS[23:0]
LPF

CURRENT
SIGNAL —| x2 |-
FROM HPF

0x512D40 = A

+5,320,000 /\
O0xAED2C0 =

-5,320,000 ¥

11116-060

Figure 66. Current RMS Signal Processing

When Bit 14 (INSEL) of the CONFIG register is cleared to 0 (the
default value), the NIRMS register contains the rms value of the
neutral current. When the INSEL bit is set to 1, the NIRMS reg-
ister contains the rms value of the sum of the instantaneous values
of the phase currents. Note that in 3-phase, 3-wire delta configura-
tion, the Phase B current is not measured, and its estimated rms
value is equal to NIRMS when the INSEL bit is set to 1. See the
Neutral Current Mismatch section for more information.

With the specified full-scale analog input signal of 31.25 mV, the
ADC produces an output code that is approximately 5,320,000.
The equivalent rms value of a full-scale sinusoidal signal is
3,761,808, independent of the line frequency.

The accuracy of the current rms is typically 0.1% error from
the full-scale input down to 1/1000 of the full-scale input. This
measurement has a bandwidth of 3.3 kHz.

To ensure rms measurement stability, follow these steps:

1. Read the rms registers at least once per line cycle over 1 sec.
2. Average the readings to obtain the rms value.

The settling time for the current rms measurement is 580 ms for
both 50 Hz and 60 Hz input signals. The current rms measurement
settling time is the time it takes for the rms register to reflect the
value at the input to the current channel when starting from 0.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. The 24-bit
signed xIRMS and xFIRMS registers are transmitted as 32-bit
registers with the eight MSBs padded with Os (see Figure 67).
31 24 23 0
0000 0000 24-BIT NUMBER |

Figure 67. 24-Bit xIRMS and xFIRMS Registers Transmitted as 32-Bit Words
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Current RMS Offset Compensation

The ADE7978 incorporates current rms offset compensation
registers for each phase: AIRMSOS, AFIRMSOS, BIRMSOS,
BFIRMSOS, CIRMSOS, CFIRMSOS, and NIRMSOS. These
24-bit signed registers are used to remove offsets in the current
rms calculations. An offset can exist in the rms calculation due
to input noises that are integrated in the dc component of I*(t).
The current rms offset compensation register is shifted left by
seven bits and then added to the squared current rms before the
square root is executed. Assuming that the maximum value from
the current rms calculation is 3,761,808 with full-scale ac inputs
(50 Hz or 60 Hz), one LSB of the current rms offset represents
the following value of the rms measurement at 60 dB down
from full scale:

J[3761% +128
0.00045% = | ~——— — 1| x 100

3761

Conduct offset calibration at low current; avoid using currents
equal to zero for calibration purpose.

Irms = y[Irms? +128 x IRMSOS (23)

where I rmso is the rms measurement without offset correction.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. Like the
xIGAIN registers shown in Figure 44, the 24-bit xIRMSOS and
xFIRMSOS registers are sign extended to 28 bits and padded
with four Os for transmission as 32-bit registers.

VOLTAGE RMS CALCULATION

Figure 68 shows the signal processing chain for the rms calcula-
tion on one phase of the voltage channels. The voltage channel
rms value is processed from the samples used in the voltage
channel. The voltage rms values are signed 24-bit values and are
stored in the AVRMS, AV2RMS, BVRMS, BV2RMS, CVRMS,
CV2RMS, NVRMS, and NV2RMS registers. The rms values of
the fundamental components are stored in the AFVRMS, BFVRMS,
and CFVRMS registers. The update rate of the voltage rms

measurement is 8 kHz.
XVRMSOS[23:0]

=N
LPF

VOLTAGE
SIGNAL —=| x2 [ —>®—> XVRMS[23:0]
FROM HPF
0x512D40 = A
+5,320,000 /\
OXAED2CO0 = g
5,320,000 g

Figure 68. Voltage RMS Signal Processing

With the specified full-scale analog input signal of 0.5 V, the ADC
produces an output code that is approximately 5,320,000. The
equivalent rms value of a full-scale sinusoidal signal is 3,761,808,
independent of the line frequency.

The accuracy of the voltage rms is typically 0.1% error from
the full-scale input down to 1/1000 of the full-scale input. This
measurement has a bandwidth of 3.3 kHz.

To ensure rms measurement stability, follow these steps:

1. Read the rms registers at least once per line cycle over 1 sec.
2. Average the readings to obtain the rms value.

The settling time for the voltage rms measurement is 580 ms for
both 50 Hz and 60 Hz input signals. The voltage rms measurement
settling time is the time it takes for the rms register to reflect the
value at the input to the voltage channel when starting from 0.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit words,
whereas the DSP works with 28-bit words. The 24-bit signed
AVRMS, AFVRMS, AV2RMS, BVRMS, BEVRMS, BV2RMS,
CVRMS, CFVRMS, CV2RMS, NVRMS, and NV2RMS registers
are transmitted as 32-bit registers with the eight MSBs padded
with Os (see Figure 67).

Voltage RMS Offset Compensation

The ADE7978 incorporates voltage rms offset compensation
registers for each phase: AVRMSOS, AFVRMSOS, AV2RMSOS,
BVRMSOS, BEVRMSOS, BV2RMSOS, CVRMSOS, CFVRMSOS,
CV2RMSOS, NVRMSOS, and NV2RMSOS. These 24-bit signed
registers are used to remove offsets in the voltage rms calculations.
An offset can exist in the rms calculation due to input noises that
are integrated in the dc component of V*(t). The voltage rms
offset compensation register is shifted left by seven bits and then
added to the squared voltage rms before the square root is exe-
cuted. Assuming that the maximum value from the voltage rms
calculation is 3,761,808 with full-scale ac inputs (50 Hz or 60 Hz),
one LSB of the voltage rms offset represents the following value
of the rms measurement at 60 dB down from full scale:

A[3761% + 128
0.00045% = | Y————— — 1| x 100

3761

Conduct offset calibration at low current; avoid using voltages
equal to zero for calibration purposes.

Vrms= [V rms? +128 x VRMSOS (24)

where V rmso is the rms measurement without offset correction.

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. Like the
xIGAIN registers shown in Figure 44, the 24-bit xVRMSOS,
xV2RMSOS, and xFVRMSOS registers are sign extended to 28
bits and padded with four Os for transmission as 32-bit registers.
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VOLTAGE RMS IN DELTA CONFIGURATIONS

In 3-phase, 3-wire delta configurations, Phase B is considered
the ground of the system, and the Phase A and Phase C voltages
are measured relative to it (see Figure 105). This configuration
is selected by setting Bits[5:4] (CONSEL[1:0]) equal to 01 in the
ACCMODE register (Address 0xE701). Table 22 lists all config-
urations where the ADE7978 can be used.

In the 3-phase, 3-wire delta configuration (see Figure 69), all
Phase B active, reactive, and apparent powers are 0. The ADE7978
subtracts the uncompensated and unfiltered instantaneous values
of the Phase A and Phase C voltages and sends them to the
regular Phase B datapath: VB = VA — VC. The rms value of the
result—that is, the line voltage between Phase A and Phase C—
is computed and stored in the BVRMS register. The BFEVRMS
register contains the rms of the fundamental component of the
BVRMS line voltage.

The BVGAIN, BPHCAL, BVRMSOS, and BEVRMSOS registers
can be used to calibrate the BVRMS and BEVRMS registers
computed in this configuration.

In 3-phase, 4-wire delta configurations, the Phase B voltage is
not sensed, and the Phase A and Phase C voltages are measured
relative to the neutral line (see Figure 106). This configuration
is selected by setting Bits[5:4] (CONSEL[1:0]) equal to 11 in the
ACCMODE register.

In the 3-phase, 4-wire delta configuration (see Figure 70), the
ADE7978 calculates the opposite of the uncompensated and
unfiltered instantaneous value of the Phase A voltage and sends
the value to the regular Phase B datapath: VB = —VA.

PHASE A DIGITAL
ADE7933 . LPF
PHASE C »| DIGITAL
ADE7933 LPF

HPFEN BIT
CONFIG[4]

ADE7978

HPFEN B
CONFIG[

HPFEN B
CONFIG[

IT

4]
FUNDAMENTAL VOLTAGE
RMS (BFVRMS) CALCULATION
VOLTAGE RMS (BVRMS)

IT CALCULATION

4]

11116-063

Figure 69. Phase B Voltage Calculation in 3P3W Delta Configuration (CONSEL = 01 in the ACCMODE Register)

AVGAIN[23:0]

PHASE A _|
ADE7933

DIGITAL
LPF

HPFEN BIT
CONFIG[4]

ADE7978

HPFEN BIT
CONFIG[4]

FUNDAMENTAL VOLTAGE
RMS (BFVRMS) CALCULATION

VOLTAGE RMS (BVRMS)
CALCULATION
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Figure 70. Phase B Voltage Calculation in 3P4W Delta Configuration (CONSEL = 11 in the ACCMODE Register)
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ACTIVE POWER CALCULATION

The ADE7978 computes the total active power on every phase.
The calculation of total active power includes all fundamental
and harmonic components of the voltages and currents. The
ADE7978 also computes the fundamental active power, that is,
the power determined only by the fundamental components of
the voltages and currents.

TOTAL ACTIVE POWER CALCULATION

Electrical power is defined as the rate of energy flow from source
to load and is given by the product of the voltage and current
waveforms. The resulting waveform is called the instantaneous
power signal, and it is equal to the rate of energy flow at every
instant of time. The unit of power is the watt or joules/sec. If an
ac system is supplied by a voltage, v(t), and consumes the current,
i(t), and the voltage and current contain harmonics, then

v(t)=in\Esin(kmt+(pk) (25)
k=1

i(t)= ilkﬁsin(kmt + yk)
k=1

where:

Vi, Ir are the rms voltage and current, respectively, of each
harmonic.

¢k, yx are the phase delays of each harmonic.

The total active power is equal to the dc component of the
instantaneous power signal, that is,

ZVka cos(¢x — yx)
k=1

This equation represents the total active power calculated in the
ADE7978 for each phase.

The equation for fundamental active power is
FP =V, COS(§01 - }/1) (26)

Figure 71 shows how the ADE7978 computes the total active
power on each phase. The ADE7978 first multiplies the current
and voltage signals in each phase. It then extracts the dc compo-
nent of the instantaneous power signal in each phase (A, B, and
C) using the LPF2 low-pass filter.

LPFSEL BIT
CONFIG[5]

CURRENT SIGNAL
FROM HPF

INSTANTANEOUS
PHASE A
LPF2

ACTIVE POWER

VOLTAGE SIGNAL
FROM HPF

11116-065

Figure 71. Total Active Power Datapath

If the phase currents and voltages contain only the fundamental
component, are in phase (that is, ¢: = y1 = 0), and correspond to
full-scale ADC inputs, then multiplying them results in an instan-
taneous power signal that has a dc component, V1 x I;, and a
sinusoidal component, V1 x I x cos(2wt). Figure 72 shows the
corresponding waveforms.
A INSTANTANEOUS

POWER SIGNAL
53,982,544 |—————— -

pt)=Vrms x I rms —V rms x | rms x cos(2wt)

INSTANTANEOUS
ACTIVE POWER
SIGNAL: Vrms x | rms

Vrms x1rms =

26,991,271
/’_~\
/, \\\
/ \
/J S /)
S
0 < e >
N /
\ /
i(t) = V2 x | rms x sin(wt) \\\ V4
v(t) = V2 x V rms x sin(wt) S Pid

Figure 72. Active Power Calculation

Because LPF2 does not have an ideal brick wall frequency response,
the active power signal has some ripple due to the instantaneous
power signal. This ripple is sinusoidal and has a frequency equal
to twice the line frequency. Because the ripple is sinusoidal in
nature, it is removed when the active power signal is integrated
over time to calculate the energy.

Bit 5 (LPFSEL) of the CONFIG register (Address 0XE618) selects
the LPF2 strength. When LPFSEL is cleared to 0 (the default value),
the settling time is 650 ms, and the ripple attenuation is 65 dB.
When LPFSEL is set to 1, the settling time is 1300 ms, and the
ripple attenuation is 128 dB. Figure 73 shows the frequency
response of LPF2 when LPFSEL is cleared to 0. Figure 74 shows
the frequency response of LPF2 when LPFSEL is set to 1.
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Figure 73. Frequency Response of the LPF Used to Filter Instantaneous Power
in Each Phase: LPFSEL Bit of CONFIG Register Set to 0 (Default)
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Figure 74. Frequency Response of the LPF Used to Filter Instantaneous Power
in Each Phase: LPFSEL Bit of CONFIG Register Set to 1

The ADE7978 stores the instantaneous total phase active
powers in the 24-bit AWATT, BWAT'T, and CWATT registers

(Address 0xE518 to Address 0xE51A). To calculate the value
of these registers, use the following equation:

< Vi Iy 1
*WATT =Y —% x —£ x cos(gx — yx) x PMAX x — (27)
k=1 Vg g 2
where:
Vs and Irs are the rms values of the phase voltage and current
when the ADC inputs are at full scale.
PMAX = 26,991,271, the instantaneous power computed when
the ADC inputs are at full scale and in phase.

The xWATT[23:0] waveform registers can be accessed using
any of the serial port interfaces. For more information, see the
Waveform Sampling Mode section.

FUNDAMENTAL ACTIVE POWER CALCULATION

The ADE7978 computes the fundamental active power using a
proprietary algorithm that requires initialization of the network
frequency and of the nominal voltage measured in the voltage
channel. Bit 14 (SELFREQ) in the COMPMODE register
(Address 0xE60E) must be set according to the frequency of the
network in which the ADE7978 is connected. If the network
frequency is 50 Hz, clear this bit to 0 (the default value). If the
network frequency is 60 Hz, set this bit to 1.

To initialize the nominal voltage measured in the voltage channel,
configure the 28-bit signed VLEVEL register (Address 0x43A2)
with a positive value based on the following equation:

v
VLEVEL =— x 4 x 10° (28)
1%

n

where:

Vis is the rms value of the phase voltages when the ADC inputs
are at full scale.

V. is the rms nominal value of the phase voltage.

Table 20 provides the settling time for the fundamental active
power measurement. The settling time is the time required for
the power to reflect the value at the input of the ADE7978.

Table 20. Settling Time for Fundamental Active Power

Input Signal Settling Time (ms)
63% PMAX 375
100% PMAX 875

The serial ports of the ADE7978 work with 32-, 16-, or 8-bit
words, whereas the DSP works with 28-bit words. The 28-bit
signed VLEVEL register is transmitted as a 32-bit register with
the four most significant bits padded with Os (see Figure 75).
31 2827 0
| 0000 | 28-BIT NUMBER |
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Figure 75. 28-Bit VLEVEL Register Transmitted as a 32-Bit Word
ACTIVE POWER GAIN CALIBRATION

The average active power result from the LPF2 output in each
phase can be scaled by £100% by writing to the 24-bit watt
gain register for each phase: APGAIN, BPGAIN, or CPGAIN
(Address 0x4399 to Address 0x439B). Because all power datapaths
have identical overall gains, the xPGAIN regist