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Class Goals
1. Design Digitally … Use Microchip energy meter ICs and 

microcontrollers to design the mixed signal and digital 
side of an energy meter performing to IEC accuracy 
specifications

2. Design Analog … Have handful of analog design tips for 
a robust energy meter PCB design for IEC 
compliance

3. Calibrate and Test … Understand how to calibrate, test, 
and assign your energy meter design to a specific IEC 
accuracy class

Become a better energy meter designer and keep 
your energy meter design more competitive!
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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Design Goals
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For sinusoidal inputs without distortion, 
apparent power, active power and reactive 
power form a triangle, which is referred to as 
the power triangle

Power Triangle

Φ

S
Q

P

Φ⋅= cosSP

Φ⋅= sinSQ

(ACTIVE)

22 QPS +=

(REACTIVE)

(APPARENT)



© 2007 Microchip Technology Incorporated. All Rights Reserved. 11063 EMS Slide      6

Apparent Power
Apparent power (S) is defined as the product 
of the total RMS voltage and RMS current in a 
circuit

RMSRMS IV ×=S
Unit: VA

22 QPS += QPS +=
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Single-phase Active Power
From principles of Electrical Engineering, the active 
power is defined as:

Active power is the average power of a given phase
Active power of non-sinusoidal periodic signals is 
defined as:

where T is the time period, v(t) and i(t) are 
instantaneous voltage and current at a given point

Φ= cosRMSRMS IVP

Angle between V & I

Unit: W

dttitv
T

P
T

∫=
0

)()(1
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Single-phase Reactive 
Power

From principles of Electrical Engineering, reactive power is 
defined as:

(Φis the phase difference between voltage and current)
Used to measure the scale of energy exchange in inductive 
circuits. In a circuit, inductors and capacitors have no energy 
loss, they only exchange energy with the power supply.
The equation above can also be written as:

Φ= inQ sRMSRMS IV

)90cos( Φ−°= RMSRMS IVQ

unit: VAR
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Energy
Active energy is the integral of active power 
over a period of time. An equation that defines 
it is:

Reactive energy is the integral of reactive 
power over a period of time, and can be 
defined as:

For a 3-phase circuit, the total energy is the 
sum of each phase energy

dttPW T
∫= 0 )(

dttQVAR
T

∫= 0
)(

unit: kWh or kilo-watt hour
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Energy Exchange

Energy exchange has 4 
scenarios:

Forward Active (+A)

I (RL)II (RC)

Φ

III (-RL) IV (-RC)

Inductive Reactive (-R)

Capacitive Reactive (+R)

Reverse Active (-A)
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Purely Resistive Load
(P) Active Power = 240W
(Q) Reactive Power = 0 VAR
(S) Apparent Power = 240 VA

Φ

S
Q

P
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Purely Inductive Load
(P) Active Power = 0
(Q) Reactive Power = 238.68 VAR
(S) Apparent Power = 238.68 VA

Φ

S
Q

P
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Combination Resistive & 
Inductive Load

(P) Active Power = 119.365 W
(Q) Reactive Power = 119.998 VAR
(S) Apparent Power = 169.256 VA

Φ

S
Q

P

Real
World 
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The true power factor is defined as the ratio 
of active power to apparent power

Relationship not easily generalized
− Component due to fundamental = PFDISP

− Component due to harmonics = PFDIST

Power Factor

DISTORTIONNTDISPLACEMETRUE PFPF
QP

P
S
PPF •=

+
==

22

Φ

S
Q

P
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S, P & Q – Why do we 
care?
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BEER = (P) Active Power (W)

FOAM = (Q) Reactive Power (VAR)

KEG OF
BEER

Φ

S
Q

P

Utility companies supply 
customers with VOLT-AMPERES 
but bill them for WATTS
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S, P & Q – Why do we 
care ? 

Φ

S
Q

P

Reactive and distortion power produces 
extra RMS currents leading to larger copper 
requirements (WIRE)
Overheated transformers

IIRMSRMS

IIRMSRMS

PF ~ 1PF ~ 1

PF << 1PF << 1
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Design Goals Summary
Active Power, Apparent Power, and Reactive 
Power
− IRMS, VRMS, Harmonic Distortion
− 50 or 60 Hz is not upper limit of conversion and 

calculation
Proper calculation of power, energy, THD, or 
other power quantities has Analog to Digital 
Conversion (ADC) accuracy and bandwidth 
requirements
− 16-bit MCP390x Energy Meter IC with 14ksps 

sample rate and 82 dB SINAD (Signal-to-Noise And 
Distortion) will meet requirements as we will show

− PIC® MCU calculations follow 
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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Microchip’s Energy 
Metering Solutions
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MCP390X Energy Meter ICs
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MCP3905A/05L/06A/09
0.1% typical measurement error across 500:1 or 1000:1 dynamic range
Accuracy is compliant to all classes of IEC62053 Energy meters
− Class 2, Class 1, Class 0.5, Class 0.2

G=1, 2, 8
16, 32 V/V

BUF

Current

Voltage
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MCP390X Energy Metering ICs
Entire family of devices contain two 16-bit Delta Sigma 
A/D converters
− 0.1% Measurement Error

500:1 Dynamic Range (MCP3905A/05L)
1000:1 Dynamic Range (MCP3906A/09)

− Over-samples at 1 MHz (with 4 MHz external crystal)
− fS = 1 MHz (Sample Rate)
− fD = 14 ksps (Output Data Rate)

fS
0 1 MHz

-3dB of SINC filter

14 kHz
fD = 14ksps

N
oi

se

Energy Metering Application Bandwidth
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IEC 62053 Accuracy in the 
Presence Of Harmonics (Parts -

21, -22, -23)
IEC Test Conditions
− Fundamental frequency current: I1 = 0,5 Imax
− Fundamental frequency voltage: U1 = Un
− Fundamental frequency power factor: 1
− Content of 5th harmonic voltage: U5 = 10 % of Un
− Content of 5th harmonic current: I5 = 40 % of fundamental 

current
− Harmonic power factor: 1
− Fundamental and harmonic voltages are in phase, at positive 

zero crossing

Resulting harmonic power due to the 5th harmonic is P5 = 
0,1 U1 × 0,4 I1 = 0,04 P1 or total

Active power = 1,04 P1 (fundamental + harmonics).
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What kind of currents and 
Waveforms?

Basic test of harmonic components in current 
and voltage
− PF=1
− 5TH HARMONIC IS 10% (voltage)
− 5TH HARMONIC IS 40% (current)

DC Components and even harmonics in AC 
current circuit only
− Half-wave rectified circuit
− IEC62053-21 and -23 only

Odd harmonics and sub Harmonics in the AC 
current circuit
− Burst and Phase Fired waveforms
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MCP390X
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All devices have Active Power PULSE 
OUTPUT 
− MCP3909 is dual function 

(serial/pulse)
− Direct Drive of mechanical counter
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MCP3905A/06A Energy 
Meter Reference Design 

Direct connection to line 
for energy meter, no 
transformers required 
On-board power supply 
circuitry 
Resistive network and 
Output LED for meter 
calibration 
Resistor shorts for gain 
and frequency selection
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MCP3909
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Serial Energy Metering IC (SPI)
− Access to 16-bit ADC data both pre 

and post high pass filter
− Access to 20-bit Multiplier output data
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MCP3909 ADC Performance

SINAD = Signal to Noise Plus Distortion
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MCP3909 ADC Performance 
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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MCP3909 / PIC18F 
Meter Solution
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PIC18F2520 / MCP3909 Meter 
Overview

Industry & commercial mid-
range 3-phase power meters
Distribution transformers and 
transformer substations
Equipments for monitoring 
grid power quality
Measurement instruments
Power Measurement Circuits 
for non-energy designs
Connectivity

USB and RS/232
PC Software

USB Calibration and Meter 
Reading of all measurement 
quantities
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PIC18F2520 / MCP3909 Meter 
Features

Fully functional 3-phase energy 
meter using MCP3909 and 7K of 
PIC18F2520 program memory 
Active Energy Pulse Output, 
Active Power, Apparent Power, 
RMS current and RMS voltage 
calculation 
62 serially accessible output 
registers containing power 
quantities, in Flash 
54 serially accessible calibration 
registers, including offset, gain, 
phase, and LSB correction for all 
power and energy quantities, in 
Flash 
Easy to use ‘Store’ command 
pushes calibration registers to 
EEPROM for user configurable 
write cycles 

High accuracy 16-bit ADCs 
MCP3909, sampled at 128 times 
per line cycle 
‘Zero-Blind’ measurements for all 
power quantities per line cycle 
Phase Lock Loop circuit for line 
cycle sample lock 
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Digital Signal Processing Flow
For Active Power

HPFHPF

XX ΣΣ
DigitalDigital

ToTo
FrequencyFrequency

LPFLPF

ADCADC

ΦΦ

XX |X||X|ΣΣ

OFFSETOFFSET
GAINGAIN

CFCF
PulsePulse

PHA_W :48PHA_W :48

XXGAIN(LSB)GAIN(LSB)

LPFLPF

XXGAIN(LSB)GAIN(LSB)

ENERGY_W_L:32ENERGY_W_L:32

DELAYDELAY

PHASE CPHASE CPHASE BPHASE B

Firmware solution = configurable

XX

PERIODPERIOD

HPFHPFADCADC

MCP3909MCP3909 PIC18F2520  (FIRMWARE)PIC18F2520  (FIRMWARE)
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PIC18F2520
The “Power Calculation Engine”

Measurement (PIC18F2520 REGISTER)
− Instantaneous Active Power (PHy_W)
− Instantaneous Apparent Power (PHy_VA)
− Active Energy (ENERGY_W)
− Apparent Energy (ENERGY_VA)
− RMS Current (PHy_I_RMS)
− RMS Voltage (PHy_I_RMS)
− Calibration Pulse Output (CF)
− Import/Export Energy

‘‘yy’’ replaced replaced 
by A,B, or Cby A,B, or C
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Solution Advantage Storing 
Calibration & Correction In Flash

CTCT

MCP3909MCP3909 MCP3909MCP3909 MCP3909MCP3909

PIC18F2520PIC18F2520

CTCT CTCT

LCD Display  LCD Display  Phase APhase A
PHA_WPHA_W 1234 kW1234 kW
ENERGY_WENERGY_W 12312 kWh12312 kWh
PHA_VAPHA_VA 4342 4342 kVAkVA
ENERGY_VAENERGY_VA 2321.1kVAh2321.1kVAh
PHA_V_RMSPHA_V_RMS 225.3 V225.3 V

Register ValuesRegister Values
Are ready to Are ready to 

displaydisplay

PIC18F holdsPIC18F holds
ALL calibration &ALL calibration &
Correction factorsCorrection factors

In FLASHIn FLASH
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PIC18F2520 / MCP3909 Meter 
Specifications

Input: 3-phase, 4-wire at 50 OR 60 Hz
Frequency Range: 45-65 Hz
128 samples / line cycle (50 or 60 Hz System)
Voltage Input Range: 176-300V
Rate Current (Ib): 3 X 5(10)A
− Easily configured to different current ratings through PC Calibration 

Software

Start-up Current: 0.001 Ib
Active Power：0-13200W
Pulse Constant: 3200
− Easily configured to different current ratings through PC Calibration 

Software
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PIC18F2520 / MCP3909 Energy 
Meter

Main BoardMain Board USB InterfaceUSB Interface
ModuleModule

Calibration Calibration 
Software PCSoftware PC
USB ConnectionUSB Connection

PLL (optional)PLL (optional)

PIC18F2520PIC18F2520

MCP3909MCP3909

PowerPower
Transformers (PT)Transformers (PT)

CurrentCurrent
Transformers (CT)Transformers (CT)

(NOT SHOWN)(NOT SHOWN)
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Phase Error Added from CT
Active Power = S * COS (Φ)
AT PF = 1 (0 DEGREES), 0.2 degree error no big deal (<00.00001%))
AT PF = -0.5 (60 DEGREES LAG), 0.61% error in PA

1000:11000:1
With  X DEGREES shiftWith  X DEGREES shift
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CT Selection and Accuracy 
Specifications

PIC18F Reference 
design
− TBD

dsPIC33F 
Reference design
− SY070401
− SCT254GB
− SCT254FK
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Output Pulse (CF) Generation

HPFHPF

XX ΣΣ
DigitalDigital

ToTo
FrequencyFrequency

LPFLPF

ADCADC

ADCADC ΦΦ

XX |X||X|ΣΣ

PHA_W_OFF:32PHA_W_OFF:32 PHA_W_GAIN:16PHA_W_GAIN:16
// CFCF

PulsePulse
CF_DEN:16CF_DEN:16
CF_NUM:16CF_NUM:16

PHA_W :48PHA_W :48

ENERGY_W__L_RAW :48ENERGY_W__L_RAW :48

XXPHA_W_GLSB:16PHA_W_GLSB:16

LPFLPF

XXENERGY_W_GLSB:16ENERGY_W_GLSB:16

ENERGY_W_L:32ENERGY_W_L:32

PHA_DELAY:8PHA_DELAY:8
PHA_W_RAW :48PHA_W_RAW :48

PHCPHC
PHBPHB

CF pulse frequency is proportional to active power or 
Watts
Same in functionality as MCP3905A/06A/09 CF output

ENERGY_W__Z :64ENERGY_W__Z :64

ENERGY_W :64ENERGY_W :64 XX

PERIOD :16PERIOD :16
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Configuration Of CF Output Pulse

Frequency is proportional to the total active 
power measurement (All 3 Phases)
Meter Constant is in units of imp/kWh
Registers CFNUM and CFDEN

( ) ( )
( ) ( ) ⎟

⎠
⎞

⎜
⎝
⎛×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
×
×

=
kWh

imp
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AIVVHzCF CALCAL 1000

1000sec3600
)(

Meter ConstantMeter Constant

EXPECTEDEXPECTED
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC) /
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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Accuracy Limits
Demonstration & 
Testing Results
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Metering Specification 
Overview

From IEC the main specifications 
for energy metering
− IEC62053-21, Active Energy Meters

Class 1 and Class 2
− IEC62053-22, Active Energy Meters

Class 0.5 and Class 0.2
Transformer Only

− IEC62053-23, Reactive Energy 
Meters

Class 2 and 3
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IEC Accuracy Limits and Example 
Meter Specifications

(not Microchip reference design)
Class 2
− 2.5% to 2% 

Class 1
− 1.5% to 1% 

Class 0.5
− 1% to 0.5%

Class 0.2
− 0.5% to 0.2% 

** Note this meter and technical data is not from a Microchip reference design 
but rather a meter manufacturer to demonstrate typical meter specifications

****

****
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Testing Results – Excel file
Results using CT#1
− See file

Results using CT#2
− See file

CF Accuracy
− See file

Presence of Harmonics Accuracy
− See file

Accuracy with PF <> 1
− See file 

Bandwidth Limits of Meter – Results
− See file
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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Calibration
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Calibration Overview & 
Demonstration

Example 5(10)A 220V Meter
− ICAL = 5A, VCAL = 220V,  IMAX = 10A

For complete calibration, 4 Calibration States for each 
phase

1. ICAL & VCAL at power factor = 1
Registers affected are CFNUM, CFDEN, PHy_W_GAIN, 
PHy_I_RMS_GLSB, PHy_V_RMS_GLSB, PHy_W_GLSB, 
PHy_VA_GAIN, and PHy_VA_GLSB registers

2. ICAL & VCAL at power factor = 0.5
Registers affected are PHy_DELAY register

3. 1/100 ICAL & VCAL
Active Power Offset register PHy_W_OFF

4. 1/10 ICAL & 1/10 VCAL
RMS Offset register PHy_I_RMS_OFF, PHy_V_RMS_OFF
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PIC18F2520 Read 
Communication Protocol

Read Command “R”
Example: Read of ENERGY_W_L register
− “R 03C 08 X” (ASCII)
− 52 30 33 43 30 38 58 (HEX)

COMMAND BYTECOMMAND BYTE 3 ASCII ADDRESS BYTES3 ASCII ADDRESS BYTES

2 ASCII REGISTER SIZE BYTES2 ASCII REGISTER SIZE BYTES ASCII ASCII ““XX””
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Line Accumulation & Calibration 
Mode

LINE_CYC register holds the integer number of 
full line cycles that measurements will 
accumulate over (power of 2)
CAL_CONTROL register 
− Bit 0 (CALMODE) Enables Calibration Mode
− Bit 1 (CALUPDATE) Starts/stops this accumulation for 

calibration purposes

1) Set Meter Voltages 2) Set Bit 0 3) Clear 
Registers 4) Set Bit 1 5) Wait for Bit 1 to be 
Cleared
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Key Advantage: Faster Design 
Cycle

LSB adjustment register values calculated by software, allowing 
exact power quantities such as active power, energy, RMS current
to be represented exactly by the contents of their registers
− Example 

PHA_POWER (active power register for Phase A) = 255d or 0xFF
PHA_POWER = 25.5 WATTS

Having registers that Having registers that 
represent the exact power represent the exact power 
quantity numerically is not quantity numerically is not 
possible with ROM energy possible with ROM energy 

meter ICs from competition.  meter ICs from competition.  

This Approach Greatly This Approach Greatly 
Eases Meter Design Cycle Eases Meter Design Cycle 
time and Meter Calibration time and Meter Calibration 
during Meter Productionduring Meter Production
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness 
− EMC Immunity
− Miscellaneous IEC Requirements
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MCP3909 / dsPIC33F 
Meter Solution
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dsPIC33FJ128GP206 / 
MCP3909 Meter Overview

Industry & commercial high-
end 3-phase energy meter
Harmonic Analysis up to 32nd

harmonic
Per Phase Distortion 
Measurement
Channel Waveform Data
Distribution transformers and 
transformer substations
Equipments for monitoring 
grid power quality
Circuit breakers and other 
circuit protecting devices
Connectivity

RS/232
PC Software

Calibration and Meter 
Reading of all power 
measurements and 
harmonic analysis for each 
phase
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dsPIC33FJ128GP206 / 
MCP3909 Meter Overview

Input: 3-phase, 4-wire at 50 Hz (60 Hz firmware 
available)
Frequency Range: 47～53HZ (60 Hz firmware available)
Data Sample Rate: 3.2 ksps (40 MIPS dsPIC® DSC)
Voltage Input Range: 176-300V, 0.2 class
Rate Current(Ib): 3 X 5(20)A, 0.2 class
Start-up Current: 0.001 Ib
Active Power: 0-13200W, 0.2 class
Reactive Power: 0-13200Var, 0.5 class
Pulse Constant: 3200
Frequency Measurement: 0.5 class, Maximum error: 
0.05HZ
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Harmonic Analysis
Distorted wave can be approximated by superposing 
a series of sinusoidal waves of different frequencies. 
Sin(ωt) is the fundamental, whose period is the same 
as that of the distorted wave. This is the period of 
power frequency in the power grid. The rest are 
called harmonics. 
The TOTAL voltage and current with harmonic 
contents can be expressed as:

where u0 and i0 are the DC components of the voltage and 
current, respectively. k is the order of a harmonic, k= 1,2,3…

)sin(*2)(
1

0 k
N

k tkuutu αω +∑+=

)sin(*2)(
1

0 k
N

k tkiiti βω +∑+=
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Harmonic Content 

The deviation of a distorted wave from a sine 
wave is usually expressed in 3 terms:  the 
harmonic content, the total distortion and 
harmonic ratio of k-th harmonic

Harmonic content means the root mean 
square of the effective values for all 
harmonics, which is defined in the following 
equation:
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Harmonic Distortion
(Ratio)

The total voltage distortion of a harmonic is 
the ratio (in percentage) of the harmonic 
content to the fundamental, which can be 
defined as:

The harmonic ratio of k-th harmonic voltage is 
the ratio (in percentage) of k-th harmonic to 
the fundamental, which can be defined as:

Likewise, the expressions for harmonic 
currents can also be written
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Agenda
Design Goals
− Power Measurement 
− Distortion, Power Factor, Why do we care?

Appliances and power consumption intelligence
Microchip’s Energy Meter Solutions
1. MCP390X Energy Meter IC Overview & Single Phase Designs
2. PIC18F2520 / MCP3909 Energy Meter Reference Design

Meter Accuracy Limits (IEC)
Testing Results
Calibration

3. dsPIC33F / MCP3909 Energy Meter Reference Design
Analog Robustness
− EMC Immunity
− Miscellaneous IEC Requirements
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Analog Robustness
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IEC Specification:
Immunity to Electromagnetic 

Disturbances
IEC62053 section states
− Conducted 
− Radiated Electromagnetic
− Electrostatic Discharge
“do not damage or substantially 

influence” the meter
The Analog and Mixed 

Signal (A/D) Circuitry Must 
be Designed Properly
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IEC Immunity Requirements: 
How to pass?

5V
MCP390X

EMI 

Filter

Isolation

Analog Ground Plane PSU Ground Plane

Cal. 
Network

(Front)

Typical of any energy meter IC design
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EMC ( Immunity )
ESD

− 8kV Contact 
Discharge

− 10 discharges 
(in each polarity)

HF
− 10 V/m in 80 MHz 

to 1 GHz 
bandwidth

EFT
− 2kV burst

10 minute test
1 second 
bursts with 
300ms pause

− 4kV burst
60 second 
duration

Analog DesignAnalog Design
TipTip



© 2007 Microchip Technology Incorporated. All Rights Reserved. 11063 EMS Slide      65

Summary
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Summary

Proven Analog Performance
Our ADC performance is unmatched for energy metering ICs

MCP3905A / 06A/ 09 devices use proven 16-bit ADCs with 82dB 
signal to noise performance
− Competing Energy Meter ICs are typically around 60dB
Measurement Error of 0.1% typical exceeds IEC requirement for 
all classes of energy meter designs

Industry Leading MCU supplier 
Microchip’s PIC® MCU and dsPIC® DSC portfolio brings limitless design 

options for energy metering
− Connectivity for energy meter reading and calibration such as USB, 

Ethernet, CAN, Infrared, Radio Frequency, MiWi™ Protocol
− Range of memory technologies: Flash, OTP, ROM
− Easy migration between MCU families
Application Support and Energy Meter Reference Designs
− Our energy meter demo boards are fully functional energy meters!
− Competing energy meter solutions use ROM-based ICs, our Flash-

based meters help reduce system cost and meter calibration time
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Reference Material
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Voltage & Current Definition in   
3-Phase Circuits

In a 3-phase power system, sinusoidal voltage and
current signals are defined as:

Where vA, vB and vC are instantaneous values, while 
UA, UB and UC are the RMS values. The phase 
difference between 2 voltages or 2 currents is 120º

O t

ua ub ucu

)sin(2 tVv AA ω=

)120sin(2 −= tVv BB ω

)120sin(2 += tVv CC ω

)sin(2 tIi AA ω=

)120sin(2 −= tIi BB ω

)120sin(2 += tIi CC ω
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Voltage & Current Definition of 
Non-sinusoidal Periodic Signals

The non-sinusoidal periodic signals are present in a 
circuit due to the existence of nonlinear loads and 
components in a power grid
AC voltage and current can be represented by sRMS, 
average and peak values. But in practice, esp. for non-
sinusoidal signals, the RMS value is used more often. 
The RMS voltage/current values of a non-sinusoidal 
periodic signal are defined as:

dttv
T

V
T

∫=
0

2 )(1  
dtti

T
I T
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0
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3-Phase 3-Wire Delta

PHASE B

PHASE A

PHASE C

Total Active Power = (VTotal Active Power = (VACAC * I* IAA) + (V) + (VBCBC * * 
IIBB))

Total Apparent Power = (Total Apparent Power = (VVACrmsACrms * * 
IIArmsArms) + () + (VVBCrmsBCrms * * IIBrmsBrms))

VV A
NA
N

VV B
NB
N

4 Total Measuring Elements
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3-Phase 4-Wire Wye

6 Total Measuring Elements

PHASE B

PHASE A

PHASE C

NEUTRAL

Total Active Power = (VTotal Active Power = (VANAN * * 
IIAA) + (V) + (VBNBN * I* IBB) + (V) + (VCNCN * I* ICC))

Total Apparent Power = (Total Apparent Power = (VVANrmsANrms * * IIArmsArms) + ) + 
((VVBNrmsBNrms * * IIBrmsBrms) + () + (VVCNrmsCNrms * * IICrmsCrms))

VV A
NA
N

VV B
NB
N

VV C
NC
N
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3-Phase 4-Wire Wye
2 Voltage Sensors

5 Total Measuring Elements

PHASE B

PHASE A

PHASE C

NEUTRAL

Total Active Power = (VTotal Active Power = (VANAN * (I* (IA A -- IIBB)) + )) + 
(V(VCNCN * (I* (ICC -- IIBB))

Total Apparent Power = (Total Apparent Power = (VVANrmsANrms * * IIArmsArms) + ) + 
((VVANrmsANrms +  V+  VCNrmsCNrms)/2)/2 * * IIBrmsBrms) + () + (VVCNrmsCNrms * * 

IICrmsCrms))

VV A
NA
N

VV C
NC
N
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3-Phase 4-Wire Delta
Center Tap on A-B

PHASE B

PHASE A

NEUTRAL

Total Active Power = (VTotal Active Power = (VANAN * I* IAA) ) -- (V(VANAN * * 
IIBB) + (V) + (VCNCN * I* ICC))

Total Apparent Power = (Total Apparent Power = (VVANrmsANrms * * IIArmsArms) ) 
+ (+ (VVBCrmsBCrms * * IIBrmsBrms) + () + (VVCNrmsCNrms * * IICrmsCrms))

5 Total Measuring Elements

PHASE C VV A
NA
N

VV A
NA
N

High Leg
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Miscellaneous IEC 
Requirements

No Load Threshold
− “… the meter shall not emit more than one pulse during 

minimum test period dT”
− Purpose: Meter should not continually register energy 

below a certain threshold, i.e. a very small signal can 
not integrate over a large period of time

Starting Current
− “…The meter shall start and continue to register at 

0,001 I n and unity power factor … If the meter is 
designed for the measurement of energy in both 
directions, then this test shall be applied with energy 
flowing in each direction.”



© 2007 Microchip Technology Incorporated. All Rights Reserved. 11063 EMS Slide      75

No Load Threshold
Example, for 220V Class 1 5(60) 3200 imp/kWh meter, 
Δt = 14 minutes or 1.2 mHz
0.0015% FOUT is minimum output frequency per 
MCP390X data sheet specification
− MCP390X contains a 40-bit internal counter that blocks 

FOUT pulses below the output frequency selected by 
F2,F1,F0 output frequency pins

From IEC Specification
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Trademarks
The Microchip name and logo, the Microchip logo, Accuron, dsPIC, 
KeeLoq, KeeLoq logo, microID, MPLAB, PIC, PICmicro, PICSTART, 
PRO MATE, rfPIC and SmartShunt are registered trademarks of Microchip 
Technology Incorporated in the U.S.A. and other countries.
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Company are registered trademarks of Microchip Technology Incorporated 
in the U.S.A.
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