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Application Note

CS5480/84/90 Energy Measurement IC Calibration

1 Introduction

The Cirrus Logic CS5480/84/90 energy measurement IC is designed with industry-leading calibration algorithms
that simplify measurement applications. The CS5480/84/90 calibration is engineered so power meter manufacturers
can use low-cost components to achieve highly accurate power measurement. Calibration methods specified by IC
manufacturers can vary substantially despite the power meter manufacturers’ requirements to comply with tightly
regulated standards. This application note will introduce the procedures available for calibrating the CS5480/84/90
devices, empowering power meter manufacturers to exceed industry standards.

2 Overview

This application note covers system scaling concepts, including hardware scaling, analog front end (AFE) scaling,
and controller (MCU) scaling. The relationship between full-scale measurements and AFE measurements is
discussed, and a corresponding application processor example is presented. The typical hardware configuration
required to perform calibration and compensation is also presented. Then the types of calibrations in the
CS5480/84/90 are detailed. The calibration and compensation procedure is provided in a step-by-step process that
determines the AFE calibration and compensation constants.

Flow diagrams are provided for each calibration and compensation process. The customer demonstration board
(CDB5484U) is used to illustrate the calibration process and provide examples of the serial port reads/writes
transmitted at each calibration step.

Below are the calibration essentials discussed in this document:
- System Scaling
- Types of Calibration and Compensation
- Calibration and Compensation Procedure
- Calibration and Compensation Example with Hardware Configuration

3 System Level Configurations

Upon power-up, the CS5480/84/90 requires an initial register configuration before executing power measurements.
One of the key configurations is adjusting the system scaling for the power meter application. The key scaling
constants are identified through calibration and compensations performed at the power meter manufacturer. After
the configuration and calibration constants are established, the calibration constants are downloaded during a
normal power-on reset. The application will start conversions and report power and input performance over time.

During power conversions and calculations, the analog inputs are sampled at 512 kHz, decimated down to 4kHz
high-rate conversion cycles. The high-rate samples are averaged to produce a 1 second low-rate power
accumulation measurement, which is used to update registers and, when enabled, generate pulses that represent
the power results (N = 4000, MCLK = 4.096 MHz). The CS5480/84/90 performs signal conditioning along the digital
data path, which improves the accuracy of the power meter measurements. Signal conditioning is provided in the
high-rate path (gain, phase, and DC offset) and in the lower rate path (no load current RMS offset, AC offset, active
and reactive power offset).
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3.1 System Scaling Overview

The maximum voltage, current, and power measurements are unique in each meter design and dependent on
the sensors used in the measurement of these parameters. The CS5480/84/90 solves this problem using scal-
ing. Instead of recording the actual voltage, current, or power sensed by the power meter, the IC records a ratio
of each measurement that is proportional to the meter’s full-scale. Using this ratio, the actual voltage, current,
and power can be calculated based on the values of the AFE registers.

There are two methods of obtaining the most recent power measurement readings:

- Voltage, current and power measurements are read directly from registers using the serial port.
- Power measurements are accumulated using the pulses on the DO pin(s).

Both methods are dependent on full-scale calibration to accurately scale the most recent power measurement.
Traditional power meters typically use the pulse accumulation method. Since calibration constants are recorded
in registers and power measurements are reported by register reads/writes, this document will focus on the reg-
ister read/write method.

To use the built-in calibration functions, an understanding of the scaling factors due to the different system com-
ponents within a typical meter is required. Below are three general scale factors in the signal path:

- Hardware Scale: The real voltage and currents are provided to the meter using sensors that must be
attenuated on the meter board or by the sensor before applying the sensed signal to the input of the
CS5480/84/90.

- AFE Register Scale: The device stores information for each voltage, current, and power parameter to
internal registers. Each register value is scaled to a range of +1 or 0 to 1 and stored in a 24-bit register.
The values measured at the input (for example, 500 mVpp) are stored as a scaled version of input signal
amplitudes. Refer to the CS5480/84/90 data sheet for register formats. The gain and offset registers
are scaled to be within the range of 0 to 4 and +1, respectively. Therefore, the MCU does not read the
sensor output voltage and current; instead, it reads the scaled values recorded in the registers.

- MCU Scale: The MCU is typically used to rescale the real voltage, current, and power values for display.
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3.2 System Scale Example
Figure 1 illustrates an example of the system scaling.

N L
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Input Hardware AFE MCU Output
Scale Scale Scale

Figure 1. System Scaling

- Hardware Scale: The CS5480/84/90 inputs are scaled using attenuation circuits that apply a maximum
input amplitude of 176 mVyys or 35mVRpys, which is dependent on an AFE gain setting of 10x gain or
50x gain, respectively.

- AFE Scale: The AFE registers record input levels that are displayed as a ratio of the most recent
measurement to the maximum RMS voltage and RMS current. The maximum RMS register value is
generated using a 0.6 ratio. The register value is read as a 24-bit hexadecimal number, which is
proportioned to represent a 0.6 Vyys full scale. At maximum voltage (0.6) and maximum current (0.6)
the maximum power is Pyax = VRmsmax X Irmsmax = 0.6 x 0.6 = 0.36.

- MCU Scale: The MCU is required to read all registers and interpret the 24-bit hexadecimal numbers
based on full-load conditions. Knowing the maximum hardware scaling and the most recent AFE
register values in relation to the full-scale input, the MCU routines are able to calculate the actual power
measurements.
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3.3 AFE Scaling Range

The CS5484 full scale RMS register values are commonly reported as 0.6 when the inputs are at a maximum
level. The ratio of the AFE inputs to full scale defines the reference point for all other input levels. The 24-bit
1rms @and V1rus registers are defined in Figure 2. Note that the digital scaling for RMS current (positive only)
does not match the scaling for power (signed). Section 6.2 Main Calibration Flow Diagram Using the CDB5484
on page 29 describes the scaling ratio of the AFE inputs when maximum input levels are applied.

RMS 1 Current (I11gys) — Page 16, Address 6

MSB LSB
‘ o1 | 22 ‘ -3 | o4 ‘ 25 | 26 ‘ o7 | 28 ‘ _____ |2—18 ‘ 219 | 2-20 ‘ 521 | 222 ‘ 223 | 2-24‘
Default = 0x00 0000

11gps contains the root mean square (RMS) values of /1, calculated during each low-rate interval.
This is an unsigned value in the range of 0 <value < 1.0, with the binary point to the left of the MSB.

RMS Voltage 1 (V1gys) — Page 16, Address 7

MSB LSB
‘ -1 | 22 ‘ -3 | o4 ‘ 25 | 26 ‘ o7 | 28 | _____ |2-18 ‘ 219 | 220 ‘ 521 | 922 ‘ 223 | 2-24‘
Default = 0x00 0000

V1rus contains the root mean square (RMS) value of V1, calculated during each low-rate interval.
This is an unsigned value in the range of 0 <value < 1.0, with the binary point to the left of the MSB.

Figure 2. Example of Igys and Vgys Registers

Use Equation 1 to convert the hexadecimal value to a decimal value:

1
VALUEDecimaI= 224 1 X heX2deC(VALUEHexidecimaI) [Eq: 1]

Using Equation 1, the following key values are identified:

Key RMS Register Values Range (0to 1) | Decimal Value | Register Value
Maximum RMS Register 1 OxFFFFFF
Maximum RMS Input 0.6 0x999999
Half RMS Input 0.36 0x5C28F6
No Load Input 0 0x000000

If a sine wave is applied to the voltage channel input at full scale, then the peak voltage can be determined using
Equation 2:

Veeak = Vems ¥ +/2 = 0.6 x /2 = 0.85 [Eq: 2]

The Vpgeak register will have a maximum input margin of 15%, which prevents clipping.

The CS5480/84/90 provides a current channel scale register that allows a small load current during calibration.
By default, the range is 0.6 (full-scale current load), but this value can be adjusted according to the load current
available.
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3.4 Application Processor Scaling Example

The scaling example below demonstrates how to convert from the current register value to the reported current
using the full-scale value. The specified full-load (Currentgy  scaLe) is S0A. If the AFE current register value
(CurrentgregisTteR) is 0.25 (0x40 0000), then the actual current value (ReportedCurrentyctyal) is calculated by
the application processor using Equation 3.

Use Equation 3 to convert the current register value to the real current:.

Current x Current
ReportedCurrent, cyaL = REGISTER FULLSCALE _ 0.25 x 50A_

0.6 0.6

20.8A [Eq: 3]

Scaling for power requires a change in the denominator to reflect a power scaling ratio of 0.36, which is equal
to the voltage (0.6) multiplied by current (0.6). The input full load (Ichgy; scaLe) i S50A and the maximum
voltage (Vcheyiiscarle) is 140V. If the present load is applied to the meter results in a power
register (Powergegster) reading of 0.15 (0x13 3333), then the application processor needs to convert the
power register value to the real current value. Use Equation 4 to convert the power register value to real reported
power.

Powergegister X POWerpy  scaLe

ReportedPower,cryaL = 0.36

_ Powergegister * (VeheyiiscaLe ¥ IChFuLLscALE) [Eq: 4]
0.36

_ 0.15x (140 x 50) _
536 2916.7W

Cirrus Logic power meters are bidirectional, which allows power to be measured in both directions (consumed
or delivered). This reduces the digital scaling by one bit due to polarity, unlike the unsigned RMS current register.
The 24-bit P14y and P2, registers are defined in Figure 3.

Active Power 1 (P1,yg) — Page 16, Address 5

MSB LSB
‘_(20)| o1 ‘ 22 | 23 ‘ -4 | 25 ‘ -6 | o7 | _____ | 217 ‘ >-18 | 219 ‘ 220 | 221 ‘ 222 | 223 ‘
Default = 0x00 0000

Instantaneous power is averaged over each low-rate interval (SampleCount samples) and then added
with power offset (Pprr) to compute active power (P,yg)-

This is a two's complement value in the range of -1.0 <value < 1.0, with the binary point to the right of the
MSB.

Active Power 2 (P2,\,c) — Page 16, Address 11

MSB LSB
‘_(20)| o1 ‘ 22 | 23 ‘ o4 | 25 ‘ 26 | 27 | | 217 ‘ >-18 | 219 ‘ 220 | 221 ‘ 222 | 223 ‘
Default = 0x00 0000

Instantaneous power is averaged over each low-rate interval (SampleCount samples) to compute active
power (P2,yc)-

This is a two's complement value in the range of -1.0<value< 1.0, with the binary point to the right of the
MSB.

Figure 3. Example of P71,y and P2,y Registers
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Use Equation 5 to convert the hexadecimal value to a decimal ratio value:

1
VALUEpecimal = “MSBx —5—

Using Equation 5, the following table identifies the key values.

x hex2dec(VALUE o, igecimal)

(Eq: 9]

Key Power Register Values Range (-1 to 1)

Decimal Value

Register Value

Maximum Power Register 1 Ox7FFFFF
Maximum Power Input 0.36 0x2E147B
No Load Input 0 0x000000

4 Types of Calibration and Compensations

Calibration is self-contained within the CS5480/84/90, and all calculations are performed by the device and
stored in internal registers. Compensations require that the MCU perform some of the calculations and then
store the results back into the CS5480/84/90 registers. Since the CS5480/84/90 does not have non-volatile
memory (NVM), permanent storage of calibration and compensation must be placed in the MCU NVM and re-
loaded after any AFE reset condition.

In general, each calibration and compensation requires the following steps:

7.

2 e o

Configure the CS5480/84/90 initial conditions

Apply the analog input with stimulus from an accurate source

Enable the desired calibration
Execute calibration
Read the results

Calculate the new register values for compensations

Store the results in the AFE and NVM

Itis common to perform calibration and compensation simultaneously. For example, since an AC gain calibration
and a phase compensation require a similar input signal to be applied to the current and voltage channels, cal-

ibration and compensation are performed simultaneously.

AN366REV2
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Figure 4 illustrates a typical hardware configuration for calibration and compensation:
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Figure 4. Calibration and Compensation Hardware Configuration

Automation can be established by a calibration controller that starts the calibration and/or the compensation,
performs the required calculations, and finally initiates the storage of results. A calibration controller will control
the AC source and load during calibration by adjusting the load for different AFE input conditions. The controller
will also monitor the precision reference meter to confirm that load adjustments have been successfully execut-
ed, and the optical accumulation results are accurate from the Cirrus AFE. Communication from the controller
to the Cirrus AFE is processed through the meter application processor to the calibration controller. Calculations
and NVM results stored within the application processor are initiated by the controller when the calibration is

completed.
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4.1 AFE Calibrations

The CS5480/84/90 AFE incorporates three calibrations: gain, AC offset, and DC offset. Gain calibration is al-
ways required. AC offset calibration is only required when Igys needs to be accurate at low input levels. DC
offset calibration is made available but not recommended for AC power meters. Instead, high-pass filters are
used to remove DC offset. The high-pass filter included in the CS5480/84/90 will remove any DC offset in real
time, and it is the best choice for AC power meters.

Figure 5 shows a flow diagram of the calibration process included in the Cirrus AFE. Refer to the CS5480/84/90
data sheet for detailed information.
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Figure 5. Calibration Data Flow
4.1.1 DC Offset Calibration

DC offset calibration is designed to remove the DC component from the ADC output. DC offset calibration
is seldom used in AC power meters. The high-pass filter is the recommended choice and should be enabled
at the modulator output, as illustrated in Figure 5.

4.1.2 Gain Calibration

Gain calibration will adjust the input for hardware and sensor variations and customer-specific inputs. It is
recommended to use full-load conditions (full-scale voltage and current). (For non-full-load conditions, see
section 4.1.2.1 on page 8). When the full current load is not available, the CS5480/84/90 allows the scale
register to adjust for lower current loads to be provided. (See 3.3 on page 4 for adjusting the scale register.)

After gain calibration, full-scale input will yield:

- The Voltage RMS register, Vgys, value: 0.6

- The Current RMS register, Igys, value: 0.6

- The Active Power register, P4y, value: 0.6 x 0.6 = 0.36 at PF =1

- The Reactive Power register, Qayg, value: 0.6 x 0.6 =0.36 at PF =0
- The Apparent Power register, S, value: 0.6 x 0.6 = 0.36

4.1.2.1 When AC Source or AC Load Are Less Than Ideal

If the AC source or AC load are less than ideal, the meter can still be calibrated with an accurate reference
meter using the Non-full-scale Gain Calibration procedure on page 9. It is common to see an AC load set to
15A actually measure in the range of 14.55A to 15.45A using a reference meter. When using the full-scale
current, it may be necessary to use the Non-full-scale Gain Calibration procedure on page 9 to account for
inaccurate resources.

AN366REV2
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4.1.2.2 Non-full-scale Gain Calibration

When resources are limited, it may be necessary to provide non-full-scale amplitudes and perform built-in
calibration to provide the maximum voltage and current during calibration. To perform a non-full-scale cali-
bration, the initial gain register conditions of the device must be identified before calibration. Usually, initial
gain register conditions are set to a default value of one, but this is not required. Instead, the initial gain reg-
ister conditions are set to accommodate the non-full-scale input calibration. Before calibration is executed,
the gain register can be set using the following equations:

Vmax 22
VGaiN(pre) = Veer 2 [Eq: 6]
Imax _ 22 .
IGAIN(pre) - E x 2 [Eq: 7]

where:
Veainpre) Value stored in voltage gain register (page 16, address 35) before calibration starts

lcainpre)  Value stored in current gain register (page 16, address 33) before calibration starts

Vmax Maximum voltage of the meter defined by customer

IMAX Maximum current of the meter defined by customer

VREF Voltage of the line just before calibration as measured with reference meter assumes
stable input

IREF Load current just before calibration as measured with reference meter assumes stable
input

Follow the steps below to perform a non-full-scale gain calibration:

1. Set the line voltage and load current Vrgg and Iggp, respectively.
Confirm that the reference meter shows Vrgr and Igxgf of the input.
Set Vgain(re) Per Equation 6 and Iganpre) PEr Equation 7.

Send the calibration command.

o M 0D

After calibration, the meter is adjusted for a full-scale voltage of V\,ax and Iy ax and will currently be
measuring the VRer and Iggr measurements.

Reference Limits

The calibration line voltage (Vrgg) or load current (Iggg) must not be set too low. It is recommended to keep
the register values at a minimum of %z of the maximum levels. Since the gain register can be set to a maxi-
mum value of 4, the input could be set to ¥4 of the maximum levels. It is not recommended to set the input
to %4 of the maximum levels due to variations in setup conditions. If the input is too low, the gain register will
set the default value of one after calibration.

AN366REV2 9
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Current Scale Register

To perform calibration with less than full scale load without using the above procedure, it is possible to set
the current channel's Scale register. The current channel calibration data path contains a Scale register
(page 18, address 63) that can be adjusted before calibration to accommodate the non-full-scale load.

|
lscaLe = e x 0.6 x 22 [Eq: 8]
IMAX
where:
IscaLE Value stored in the Scale register before calibration
IMAX Maximum current of the meter defined by the customer
IRer Load current before calibration, as measured with a reference meter, assuming stable

input
Follow the steps below to set the current channel’s Scale register.
1. Set the load current, Ixgr (assuming Vrgr is set to full scale).
Confirm that the reference meter shows Vreg and Igxgg of the input.
Set the Scale register per Equation 8.

Send the calibration command.

ok~ 0N

After calibration, the meter is adjusted for a full-scale voltage of V) ax and lyax and will currently be
measuring the Vrgr and Iggr measurements.

6. The Scale register is not in the normal data path but instead in the calibration path.
4.1.3 AC Offset Calibration

Following gain calibration, there may still be some AC offset remaining. AC offset calibration will allow for
the removal of the remaining offset. The AC offset effects are only applicable to the Igyg registers at small
input. The AC offset calibration only needs to be performed when /g5 readings are required to span a large
dynamic range with high accuracy.

4.2 Available Compensations

Three compensations are available in the CS5480/84/90: phase, no-load active power, and no-load reactive
power offset.

4.2.1 Phase Compensation

Phase compensation adjusts phase mismatches between the voltage and current channels. Setting the cur-
rent to lag the voltage by 60° (the center of the COS range of 0° - 90°) allows the system to distinguish ad-
ditional or less phase delay from the power factor (PF) directly. Follow the steps below to perform this
compensation:

1. Apply source at full scale with a 60° phase shift (PF = 0.5 lagging)
2. Start continuous convert
3. Read the PF register and calculate:
Phase error = ACOS(register PF)-60°
4. Calculate phase compensation (PC) register (MCLK=4.096 MHz):
50Hz PC register = phase error/0.008789
60Hz PC register = phase error/0.010547

Phase error can be adjusted when it falls within £8.99° at 50Hz or +10.79° at 60Hz. Figure 6 shows the
phase offset error range. When phase error is below -4.5° at 50Hz or -5.4° at 60Hz and above 0°, it is nec-
essary to adjust both coarse compensation and fine compensation. The coarse and fine compensation set-
tings for each region are shown in Figure 6.

10
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8.99° @ 50Hz
10.79° @ 60Hz

Set CPCC =11 of 20WR onV
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5.4° @ 60Hz
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28.99° @ 50Hz
-10.79° @ 60Hz

Figure 6. Phase Compensation and Phase Offset Error

4.2.2 No Load Power Compensation

There are two power compensations in the CS5480/84/90: active and reactive power offset. When no load
is applied, the average active power register, Py, and average reactive power register, Qyg, may have
offsets. To remove any remaining active or reactive power, it is necessary to perform the following compen-

sation:
- Apply full scale voltage source
- Apply no load to the current channel(s)
- Start continuous conversion
- Read Py, and Quy register
- Write -Payc and -Qayg to Porr and Qgpr, respectively
AN366REV2 11
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5 Calibration and Compensation Procedures

A CS5480/84/90 power meter normally has two modes of operation: calibration, which is executed only once at the
factory, and normal operation in the field.

Calibration will compensate for system-level errors and is only performed at the factory. Normal operation is a
continuous running mode (continuous conversion mode) or user-initiated, single execution mode (single conversion
mode). Most designs are continuously running and use the continuous conversion command. Normal operation is
resetting the device, loading calibration and configuration information from non-volatile memory, and executing
continuous conversion command. The MCU then needs to read various device registers to obtain the power, current,
and voltage. As these registers are updated, the MCU will need to post the information to the user interface. This is
accomplished by using DO pin interrupts or by periodically reading the status register. The default configuration of
the part sets most of the registers to a common configuration. When continuous conversion is performed, the device
will provide most register updates once per second (default at reset).

The normal field operation is simple and there is no need for extensive computation by the MCU. A simple, low cost
MCU may be used to assist the normal operation.

5.1 Normal Operation Procedure (Performed at Every Reset in the Field)

The following procedure outlines the steps required to put the meter in normal operation mode. Figure 7 shows
a simplified flow chart for the normal operation in the field.

1. Reset the CS5480/84/90.

Restore configuration and control registers.

Restore the Vg and Igay registers from the non-volatile memory (NVM).

If needed, restore the offset registers from NVM.

If needed, restore the phase compensation registers from the NVM.

If needed, restore the no load compensation to the Porr and Qpper registers from the NVM.
Send the single conversion command to the CS5480/84/90.

Confirm that the register checksum is valid, or return to step 1.

Send the continuous conversion command to the CS5480/84/90.

0. Enable and clear DRDY.

11. Poll DRDY.

12. If DRDY is set, clear DRDY.

13. Read Igps. Vrps: and Py Scale the Igys, Vrus, and Py g back into true value by:

2 © ® N o ok~ N

Amps = Full_Scale_Current x (/gys/0.6)

Volts = Full_Scale_Voltage x (Vgs/0.6)

Watts = Full_Scale_Power x (P4\//0.36)
14. Loop back to "Poll DRDY" step.

12 AN366REV2
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5.2 Full Calibration and Compensation Procedure (Performed Once at Factory)

The following procedure shows the steps required to perform calibration and compensation. A flow chart show-
ing the full calibration procedure is shown in Figure 5.

1.

o o~ wDd

10.
11.
12.
13.
14.
15.
. Read Vgan, lcainv Iacors Pors Qors PC, and register checksum and save them into flash/eeprom.
17.

Power up the CS5480/84/90 device.

Reset the CS5480/84/90 device.

Verify the register checksum to confirm the reset is successful.

Restore configuration and control registers.

Connect the reference line voltage and load current to the meter with a phase angle of 60° current lagging.

If the reference load current is not the full load, set the Scale register to a ratio of 0.6 x 223 « reference load
current + full scale current. See Non-full-scale Gain Calibration on page 9 if the reference line voltage is
lower than the maximum line voltage.

Perform continuous conversion (0xD5 command) for 2 seconds.
Stop the continuous conversion (0xD8 instruction).

Read Igys, Vrus: Pave and PF, and confirm the reference voltage and current signals are correctly
attached by verifying if the Igys, VrRus, Pave and PF are in a reasonable range.

Clear DRDY status bit.

Send AC gain calibration command (OxFE) to the CS5480/84/90.

Wait for DRDY to be set.

If needed, perform phase compensation, AC offset calibration, and power offset correction.
Send continuous conversion (0xD8 command).

Verify measurement accuracy. Check the setup or fail the meter if the accuracy is not within specifications.

Callibration completed.

14
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CURRENT (Note 6)
(Note 5)

DRDY
SET? NO

YES

P

PERFORM PHASE
COMPENSATION,

IACOFF CALIBRATION
and POWER OFFSET

CORRECTION if
NECESSARY

Figure 8. Main Calibration Flow

¥

START
CONTINUOUS
CONVERSION
AND VERIFY

METER
ACCURACY

ACCURACY
IN SPEC?

AN366

READ VGAIN,
IGAIN, IACOFF,
POFF, QOFF, PC,
RegChk

|

STORE
CALIBRATION
CONSTANTS &
REGISTER
CHECKSUM

CALIBRATION
COMPLETE

CHECK
SETUP or
FAIL

Note 1: The default setting for all registers should be set before performing calibration. Resetting the device restores the default setting

for all registers.

Note 2: Larger numbers in the Tsettle and SampleCount registers will increase calibration precision.

Note 3: Other configurations and controls might be necessary.

Note 4: For an expanded view showing more information about the main calibration flow, see Main Calibration Flow Diagram Using the

CDB5484 on page 29.
Note 5: See Non-full-scale Gain Calibration on page 9.

Note 6: Scale register is only in calibration path and does not require resetting to 0.6 after the calibration.
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FROM MAIN
FLOW

CONFIRM PF = 0.5

v

PHASE COMPENSATION COMPLETE
(RETURN CPCC& FPCC to MAIN)

C )

Figure 9. Phase Compensation Flow

Note 1:Larger numbers in the Tsettle and SampleCount registers will increase calibration precision.
Note 2: OWR=4000, MCLK=4.096 Mhz.
Note 3: For an expanded view showing more information about the phase compensation flow, see Phase Compensation Flow Diagram

on page 40.

Note 4: Before calibration: Angle < 60; Phase offset < 0; | leads V; PF is leading--for more positive, delay I.

0.010547 @ 60Hz
v
RESOLUTION
Y MULTIPLIER
LY voosrjetg (150Hz)
REFERENCE (e )
LINE VOLTAGE
AND
60° LAGGING o
LOAD CURRENT Taage N\ 1079 @ B0Hz
PF=0.5 PHASE OFFSET AL
< +8A99;(50Hz) N
3 (Note 2)
Tsettle =
2000 ms
(Note 1)
! PHASE OFFSET
YES NEGATIVE
SampleCount ?
(N)= 16,000
(Note 1)
Note 4 y -512x0.010547to 0 @ 60Hz 0to 512 x0.010547 @ 60Hz Note 5
Y -512- 0.008789 < PHASE OFFSET
PHASE OFFSET <512+ 0.008789
START <0 (50Hz)
CONTINUOUS ?
CONVERSION
0xD5
v
SET COARSE SET COARSE SET COARSE
3 No coarse COMPENSATION COMPENSATION COMPENSATION
comp. (CPCC=01) (CPCC=10) (cPcc=11)
CPCC=00 10WRonl 10WRonV 2 OWR on V
STOP
CONVERSIONS
0xD8
5.4° @ 60Hz |  5.4° @ 60Hz , 1079° @ 60Hz
PHASE OFFSET=|  |PHASE OFFSET= PHASE OFFSET =
PHASE OFFSET + grama e 8.99°- PHASE
>
Y 4.5° (50Hz) (50H2) OFFSET (50Hz)
READ PF
Y v
FINE FINE
Y COMPENSATION COMPENSATION
(FPCC) = -PHASE |« (FPCC) = PHASE [«
CALCULATE OFFSET + OFFSET +
PHASE 0.008789 (50Hz) 0.008789 (50Hz)
A 0.010547 @ 60Hz
arccos(PF)-60°
ACCUMULATE MULTIPLE
»  PF READING AND

Note 5: Before calibration: Angle < 60; Phase offset < 0; | lags V; PF is lagging--only coarse adjustment can delay V, therefore delay
V by 1 or 2 OWR and delay | by less than 1 or 2 OWR.
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FROM MAIN
FLOW

REMOVE LOAD
CURRENT

|

Tsettle = 2000
SampleCount
N = 16000

l

CLEAR DRDY

l

SEND AC
OFFSET
CALIBRATION
OxF6

READ IRMS,
IACOFF

RETURN CHECK
IACOFF INPUT

MAIN FLOW FAIL

AC OFFSET
CALIBRATION
COMPLETE

Figure 10. AC Offset
Calibration Flow
Note: For an expanded view showing
more information about the AC offset
calibration flow, see AC Offset Calibration
Flow Diagram on page 44.

CIRRUS LOGIC’

FROM MAIN
FLOW

SHORT
VOLTAGE AND
CURRENT
INPUTS

!

Tsettle = 2000
SampleCount
N = 16000

|

CLEAR DRDY

|

SEND DC
OFFSET
CALIBRATION
OxE6

YES

READ IRMS,
VRMS, IDCOFF,
VDCOFF

RETURN CHECK
IDCOFF A
VDCOFF P

MAIN FLOW AL

DC OFFSET
CALIBRATION
COMPLETE

Figure 11. DC Offset
Calibration Flow
Note: For an expanded view showing

more information about the DC offset
calibration flow, see DC Offset

Calibration Flow Diagram on page 46.

AN366

FROM MAIN
FLOW

APPLY FULL
SCALE VOLTAGE
AND ZERO LOAD

CURRENT

]

Tsettle = 2000
SampleCount
N = 16000

}

CLEAR DRDY

l

START
CONTINUOUS
CONVERT
0xD5

DRDY
SET ? NO

YES

READ PAVG and
QAVG

NEGATE
PAVG

& STORE IN
POFF

|

NEGATE
QAVG
&STORE IN
QOFF

l

RETURN
POFF
QOFF

to
MAIN FLOW

POWER OFFSET
CALIBRATION
COMPLETE

Figure 12. No Load Offsets
Calibration Flow
Note: For more information, see No Load

Offset Compensation Flow Diagram on
page 47.
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6

Full Calibration and Compensation Example Using the CDB5484 and MTE Meter Test
Equipment

The calibration and compensation flows have been implemented using the CDB5484U and a PC as the controller.
Using a MTE Meter Test Equipment AG PTS 400.3 Modular Portable Test System source and reference meter, the
results of this calibration can be shown. More information can be found by visiting the MTE Meter Test Equipment
website.

The CDB5484U connections are as follows:

1.

The USB connects to the CDB5484U on the right. Using the standard CDB5484U GUI, commands and read
results from the Cirrus AFE can be sent.

The DUT supplies are connected to terminals J36 and J37. It is not recommended to use the USB supply to
power the Cirrus AFE during accuracy tests. Instead, use terminals J36 and J37.

Voltage is applied directly to the CDB5484U. Current inputs are looped through a terminal board and outputs are
sent to the CDB5484U.

The PC was connected to the RS232 connection on the MTE Meter Test Equipment power source and power
reference.

The pulse output is connected to an external counter or optically back to the MTE Meter Test Equipment power
reference.

. The controller in this example is the CDB5484U and PC. While the CDB5484U is good for presentation, it is not

recommended to be used as a production solution.

18
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Optical
Connection
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Current Inputs
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Reference
Meter
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MTE Meter Test Equipment AG

PTS 400.3 Modular Portable Test System

Voltage Inputs

Pulse to Optical Counter

Figure 13. MTE Meter Test Equipment Calibration Hardware Setup

UART to PC Controller
DUT Supply Rogowski Sensor USB to PC Controller
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6.1 Normal Operation Flow Diagram Using the CDB5484

The following flow diagram shows the implementation of normal flow executed in the field. The CDB5484U is
used to load calibration constants obtained during the factory calibration. Obviously, the GUI is not used during
actual execution, but it provides an excellent debugger for customer flow evaluation and modifications. The one-
time factory calibration and compensation flows are discussed after the normal flow. The MTE Meter Test Equip-
ment source is used to provide the source voltage and load current, but it is only required during this flow to
simulate different loading conditions. Each step of the flow shows the CDB5484U GUI screen capture of execu-
tion and reading results. The register writes and reads are all identified for easy comparison to the GUI screen.

POWER UP

RESET <

A

From NVM
RESTORE
FILTER
CONFIGURATION

POWER UP
Power up CDB5484U per data sheet using terminals J36 and J37.

RESET
SDI =

0xC1

System  CirrusTest  Connect  GQuit!

Config 2 Register

SDI= 0x90  0x40 O0x0602AA
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x90 0x00 OxFFFFFF
SDO =0xFF  OxFF 0x0602AA

Reset CS5484 software Reset

RESTORE FILTER CONFIGURATION
(See Figure 14.)

Write Register Config2 to enable HPFs
(Page 16, Register 0)
Read Register Config2 to enable HPFs
(Page 16, Register 0)

Config 0 Register
HEx: 3 100000

TSEL Off ¥
iCPU (1]
CPUCLK_ON off =
V2_CAP Voltage ¥
INT_POL Low ¥
12_PGA 10x ¥
N_PGA 10z ¥
ND_0SC 05C Enabled ¥
1Z% Channel n¥
VZX Channel V1i¥

Config 1 Register
HEx: 3 10FEED

EPG4 o>
EPG3 o ¥
EPG2 off ¥
EPG1 On¥.
DO4OD | MNov|
D03_0D No ¥
D02_0D No ¥
DO1_0D No¥.
DUO4MODE Interrupt ¥

DO3MODE OFF (Hi-Z) ¥
DO2MODE OFF (Hi-Z2) ¥
DO1MODE EPG1 ¥

Pulse Control Register
HEX: ¥ [

EPG4 Input Plavg ¥
EPG3 Input Plavg ™
EPG2 Input Plavg ¥
EPG1 Input Plavg ¥

Config 2 Register
HEX: 3 6028

POS Disable ¥
156 Disable ¥
APCH Irms * Vims ¥
ZX_LPF Disable ¥
AVG_MODE [ADC Samples ¥
REG_CSUM o ¥
AFC Onv
12FLT HPF ¥
V2FLT HPF +
NFLT HPF ¥
VIFLT HFF ¥

IR On ¥

Phase Comp Register
HEX: 3 7Ca0

cPee2 [he

cPCCl ox|

V1 Sag Register

No Load threshold

V1SaglEVEL | 0.0000000
HEX: % 0
Visagbun 3 0
HEX: ﬂ 0
V2 Saq Register
V25agLEVEL | 0.0000000
HEX: 3 0
v25agbun 3 0
HEX: ﬂ 0

V1 Swell Registers

VISwellLEVEL | 0.9999993
HEX: 4 TFFFFF
ViSwelDUR 3 0
HEX: ﬂ 0

V2 Swell Registers
VZSwellLEVEL | 09999399
HEX: 3 7FFFFF

v £ 0

Frccz 3 62
FRCCT 2 I

Pulse Width Register
HEX: 3 E13r0
Pulse Freq Range

0.003725 to 31.25 Hz ¥

PulseWidth £0.000 ms

Pulse Rate Register
HEx: 3 sooooo

PulseRate 31.25000 Hz

Decimal | 0.0000000

HEX: 3 0
Sample Count Register
SampleCount 4 4000

Cycle Count Register

CycleCount 4 100
Integrator Gain
Decimal 0.1580000
HEX: 3 143958

System Gain
Decimal | 1.2500000
HEX: 3 500000

Settle Time
Tssttle | 2000.000 ms
HEX: 3 1F40

Epsilon

Line Freq 49.96 Hz

HEX: 3 19943

HEX: ﬂ 0
11 Overcurrent Register I ture Registers
NOverl EVEL | 09993939 | ToftHEX: 3 D53998
HEX: 3 7FFFFF
Tgain HEX: 3 6B716
1ovenun 3 ]
HEX: g 0 Zero-crossing Level
ZXLevel 0125
12 Overcurrent Register .
120verd EVEL | 09933333 HEX: 3| 100000
HEX:
ﬂ Hiiidi Register Checksum
120veibUR 3 & HEX: SCOEDA
HEX: ﬂ 0

Mask Register

HEX: 3 0

Data Ready
Conversion Ready
Watchdog Overflow
V2 Swell
¥1 Swell
P2 Overflow
P1 Overflow
12 Overflow
1 Overfolw
V2 Overflow
V1 Overflow
12 Overcurrent
11 Overcurrent
V2 Sag
V1 Sag
Temperature Updated
Epsilan Updated
Invalid Command
Checksum Error on Serial Port
ROM CRC Error
RX [SDI) Timeout

B s e e e e B e B e e o e i e o

SerialCtil Register
HEX: 2004D

RX Pullup Onv.
Checksum off ¥
TX Length | 3 Bytes 3

Baud Rate 600 ¥

Crystal 4096000 MHz

Figure 14. Setup Window
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RESTORE REGISTERS
Various configurations include writes to registers (see Figure 14):

Config 0 Register
SDI= 0x80 0x40 0x400000
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x80 0x00 OxFFFFFF
SDO =0xFF  OxFF 0x400000
Config 1 Register
SDI= 0x80 0x41 Ox10FEEO
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x80 0x01 OxFFFFFF
SDO =0xFF  OxFF Ox10FEEO
Pulse Control Register
SDI= 0x80  0x49 0x000000
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x80 0x09 OxFFFFFF
SDO =0xFF  OxFF 0x000000
Phase Comp Register
SDI= 0x80 0x45 0x007C40
v SDO =0xFF  OxFF OxFFFFFF
SDI= 0x80 0x05 OxFFFFFF
O URRE NS SDO =0xFF  OxFF 0x007C40
Pulse Width Register
SDI= 0x80 0x48 0x0613F0
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x80 0x08 OxFFFFFF
SDO =0xFF  OxFF 0x0613FO0
Pulse Rate Register
SDI= 0x92 0x5C 0x800000
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x92 0x1C OxFFFFFF
SDO =0xFF  OxFF 0x800000
Sample Count Register
SDI= 0x90 0x73 O0x000FAQ
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x90 0x33 OxFFFFFF
SDO =0xFF  OxFF 0x000FAQO
Settle Time
SDI= 0x90  0x79 0x800000
SDO =0xFF  OxFF OxFFFFFF
SDI= 0x90 0x39 OxFFFFFF
SDO =0xFF  OxFF 0x800000

Write Register Config0
(Page 0, Register 0)
Read Register Config0
(Page 0, Register 0)

Write Register Config1
(Page 0, Register 1)
Read Register Config1
(Page 0, Register 1)

Write Register Pulse Control
(Page 0, Register 9)
Read Register Pulse Control
(Page 0, Register 9)

Write Register Phase Compensation

(Page 0, Register 5)

Read Register Phase Compensation

(Page 0, Register 5)

Write Register Pulse Width
(Page 0, Register 8)
Read Register Pulse Width
(Page 0, Register 8)

Write Register Pulse Rate
(Page 18, Register 28)
Read Register Pulse Rate
(Page 18, Register 28)

Write Register Sample Count
(Page 16, Register 51)
Read Register Sample Count
(Page 16, Register 51)

Write Register T Settle
(Page 16, Register 57)
Read Register T Settle
(Page 16, Register 57)

AN366REV2
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©, ®
(See Figure 15.)

Gain Channel 1
SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

Gain Channel 1
SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

SDI = 0x90
SDO= OxFF
SDI=  0x90
SDO= 0xFF

SDI = 0x90

A 4

From NV SDO =0xFF
RESTORE SDI = 0x90
CONFIC(;SIi\JgATION SDO= OxFF

4 RESTORE GAIN CONFIGURATION

, Volt.
0x63 0Ox401BE3 Write Register V1 Gain
OxFF OxFFFFFF (Page 16, Register 35)
0x23 OxFFFFFF Read Register V1 Gain
OxFF 0Ox401BE3 (Page 16, Register 35)
, curr.

0x61 0x3C4420
OXFF OXFFFFFF
0x21 OXFFFFFF
OXFF  0x3C4420

Write Register 11 Gain
(Page 16, Register 33)
Read Register |1 Gain
(Page 16, Register 33)

Gain Channel 2, Volt.

OX6A 0x4037B6
OXFF OxFFFFFF
O0x2A OXFFFFFF
OxFF  0x4037B6

Write Register V2 Gain
(Page 16, Register 42)
Read Register V2 Gain
(Page 16, Register 42)

Gain Channel 2, Curr.

0x68 0x3C465F Write Register 12 Gain
OxFF OxFFFFFF (Page 16, Register 40)
0x28 OxFFFFFF Read Register 12 Gain

OxFF 0x3C465F (Page 16, Register 40)

B Calibration Window

System  CirrusTest  Connmect  Quit!

OFFSET CALIBRATION GAIN CALIBRATION

Gain Channel 1
voi. 340Be3 | 10017021
Cun. 3 34420 | 0.8416580
Gain Channel 2
voi. 2 40376 | 1.0034003
Cun. 2 3C465F | 0.9417951

Calibrate All Channels

DC Ofiset Channel 1

vor 4 o | 0.oooooon
Curr. g,—l] ,m

DC Offset Channel 2

voit. 3 o | 0.0000000
curr. 3 o | 0.ooo0o00

AC Offset Channel 1

cur. 3 50704 | 0.0392766

AC Offset Channel 2

Curr. 3 43959 | 0.0359298

SCALE j-ﬂ:cccc 0.5999999
Calibrate All Channels

Plofset 3 3 | 0.0000004
P2 Dfset 3 1 | 0.000000

Refresh Screen

a1 offset 3 2 | o.ooooooz
Q2 Dffset §|—2 | 0.0000002

Figure 15. Calibration Window
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A
RESTORE OFFSET CONFIGURATION
(See Figure 15.)
DC Offset Channel 1, Volt.
SDI= 0x90 0x62 0x000000 Write Register V1 DC Offset
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 34)
SDI = 0x90 0x22 OxFFFFFF Read Register V1 DC Offset
SDO =0xFF  OxFF 0x000000 (Page 16, Register 34)
DC Offset Channel 1, Curr.
SDI= 0x90 0x60 0x000000 Write Register 11 DC Offset
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 32)
SDI = 0x90 0x20 OxFFFFFF Read Register |1 DC Offset
SDO =0xFF  OxFF 0x000000 (Page 16, Register 32)
DC Offset Channel 2, Volt.
SDI = 0x90 0x69 0x000000 Write Register V2 DC Offset
A SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 41)
From NV SDI = 0x90 0x29 OxFFFFFF Read Register V2 DC Offset
OFFSET SDO =0xFF  OxFF 0x000000 (Page 16, Register 41)
CONFIGURATION
DC Offset Channel 2, Curr.
SDI= 0x90 0x67 0x000000 Write Register 12 DC Offset
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 39)
SDI= 0x90 0x27 OxFFFFFF Read Register 12 DC Offset
SDO =0xFF  OxFF 0x000000 (Page 16, Register 39)
AC Offset Channel 1, Curr.
SDI= 0x90 0x65 0x050704 Write Register 11 AC Offset
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 37)
SDI= 0x90 0x25 OxFFFFFF Read Register 11 AC Offset
SDO =0xFF  OxFF 0x050704 (Page 16, Register 37)
AC Offset Channel 2, Curr.
SDI = 0x90 0x6C 0x049959 Write Register 12 AC Offset
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 44)
SDI= 0x90 0x2C OxFFFFFF Read Register 12 AC Offset
SDO =0xFF  OxFF 0x049959 (Page 16, Register 44)
) 4
@ ®
AN366REV2 23



il

©)
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From NVM
RESTORE
NO LOAD

CONFIGURATION

A

SINGLE

CONVERSION

®

A

CIRRUS LOGIC’

RESTORE NO LOAD CONFIGURATION
(See Figure 15.)

P1 Offset

SDI = 0x90 0x64 0x000003
SDO =0xFF  OxFF OxFFFFFF
SDI = 0x90 0x24 OxFFFFFF
SDO =0xFF  OxFF 0x000003

Q1 Offset

SDI = 0x90 0x66 0x000002
SDO =0xFF OxFF OxFFFFFF
SDI = 0x90 0x26 OxFFFFFF
SDO =0xFF OxFF 0x000002

P2 Offset

SDI = 0x90 0x6B 0x000001
SDO =0xFF  OxFF OxFFFFFF
SDI = 0x90 0x2B OxFFFFFF
SDO =0xFF  OxFF 0x000001

Q2 Offset

SDI = 0x90 0x6D 0x000002
SDO =0xFF  OxFF OXFFFFFF
SDI = 0x90 0x2D OxFFFFFF
SDO =0xFF OxFF 0x000002

SINGLE CONVERSION
(See Figure 16.)

System  CirrusTest  Connect  Quit!

AN366

Write Register P1 Active Power Offset
(Page 16, Register 36)
Read Register P1 Active Power Offset
(Page 16, Register 36)

Write Register Q1 Reactive Power Offset
(Page 16, Register 38)
Read Register Q1 Reactive Power Offset
(Page 16, Register 38)

Write Register P2 Active Power Offset
(Page 16, Register 43)
Read Register P2 Active Power Offset
(Page 16, Register 43)

Write Register Q2 Reactive Power Offset
(Page 16, Register 45)
Read Register Q2 Reactive Power Offset
(Page 16, Register 45)

CHANNEL1 RESULT MEAN STD. DEV
Vrms | 00589751830 | 0599843933 | 0.000015738

Irms | 0.599904478 | 0593912226 | 0.000006331

Active Pwr | 0.359794736 | 0.350854567 | 0.000008933

Apparent Pwr | 0.358793663 | 0.359857154 0.000009973

Reactive Pwr | 0.000553846 | -0.002970934  0.000031032

Power Factor | 0.999999881 0999988115  0.000025201

Vpeak | 0.848626852  0.679036760 | 0.509171068

Ipeak | 0.848668337  -0.169655132 | 0.831486210
CHANNEL2

wrms | 0599758340 0599843522 0000014712

Irms | 0.599914432 0599922472 0000006186

Active Pwr | 0.359804988 = 03598612739 0000008402

Apparent Pwr | 0.358804153 | 0359863091 | 0000009226

Reactive Pwr  0.000554562 | -0.002860522  0.000033009

Power Factor | 0.999988881 | 0999989235 | 0.000024712

Vpeak | -0.§48670483 0.339420271

Ipeak | 0848633051

0.777858324

0.000060701 0.848636064

TOTAL
Active Pwr 0.719599485 0.647744370 0.215914791
Apparent Pwr 0.719596624 0.647750115 0.215916706

Reactive Pwr 0.001125097 -0.005250144 0.001751208

RESULT MEAN STD. DEVY
Temperature 0.00 0.00 0.00
Line Fregency 49.959 49.992 0016
STATUS 0

STATUS 1 HEex: | 801800

HEX: | C00000 Digital Clock Enabled
Data Ready P kL3

Conversion Ready
Watchdog Overflow

V2rms Overflow
V¥1rms Overflow

COO000O0C00®

MIPS 121ms Overflow
V2 Swell Nims Overflow
V1 Swell V2/Temp Modulator 05C
P2 Overflow V1 Modulator 0SC
P1 Overflow 12 Modulatar 0SC
:3 gve-::nw 11 Modulator 0SC
V2 D::,ff,: Last DSP Command Excuted 18

¥1 Overflow
12 Overcurrent
11 Overcurrent

STATUS 2 HEX: 0

VO0000OVODOOOOVOVOQO0Oe®

V2 Sag
V1 Sag 5
5
Temperature Updated 3;:",'; o 5
Epsilon Updated Q1avg Sign >
Invalid Command Psum Sign «]
Checksum Error on Serial Port PZavg Sign 5
ROM CRC Emor Plavg Sign <
AX (5DI) Timeout
STOP Samples to Average: ' Single Conversion '
= = 10
s ——

Standby Mode

DATA LOG ™ gn/ai

o MM

Figure 16. Conversion Window

24

AN366REV2




—l
——
—
—n
el

CIRRUS LOGIC’

AN366

®

Y
ALID

REGISTER
CHECKSUM
?

YES

@

NO

VALID REGISTER CHECKSUM?
Read register checksum and compare to stored value in NVM (see Figure 17).

SDI= 0x90  0x01 OxFFFFFF
SDO =0xFF  OxFF 0x5COED4

Read Register Checksum
(Page 16, Register 1)

System  CirrusTest  Connect  Guit!

Config 0 Register

HEX: 3400000
TSEL off ~
icPU it
CPUCLK_ON of ~

¥2_CAP Voltage ¥
INT_POL Low ¥
12_PGA 10x ¥
1_PGA 10x ¥
NO_0SC 05C Enabled ¥

17X Channel nv
VZX Channel Viw

Config 1 Register
HEX: 3 10FEED

EPGA 0ff ¥
EPG3 oty
EPG2 [iTTh¢
EPG1 On ¥
DO4_0D No ¥
DO3_0D No ¥
po2op | Nov|
DO1_0D No ¥
DO4MODE Interrupt ¥
DO3MODE QOFF [Hi-Z) ¥
DO2MODE OFF [Hi-Z) ¥
DOIMODE | EPG1¥|

Pulse Control Register

HER: & [

EPGA4 Input Plavg ™
EPG3 Input Plavg ™
EPG2 Input Plavg ¥
EPG1 Input Plavg ™

Config 2 Register

POS Disable ¥
156 Disable ¥
APCM Irms * ¥rms ¥
ZX_LPF Disable ¥
AVG_MODE |ADC Samples ¥
REG_CSUM off v
AFC [ — |
12FLT HPF ¥
V2FLT HPF ¥
HFLT HPF ¥
VIFLT HPF ¥
IR Onv

Phase Comp Register
Hex: 4 7can

V1 Sag Register
V1SagLEVEL | 0.0000000

Hex: g [
ViSagDUR 4 0
HEX: ﬁ\—ﬂ

V2 Sag Register

V2SaglEVEL |  0.0000000
HEX: ﬂi'in
visagbuR 3 0
HEX: & o

V1 Swell Registers
V1SwellLEVEL | 0.9999999

HEX: 3 7FFFRF
ViSwelDUR 3 0

No Load threshold

Mask Register

Decimal | 0.0000000
HEX: 3 ]
HEX: 3 ]
Data Ready
Sample Count Register C jon Ready
SampleCount & 4000 Watchdog Overflow
V2 Swell
Cycle Count Register V1 Swell
CycleCount o 1000 P2 Dverflow
P1 Overflow
Integrator Gain 12 Dvertlow
11 Overfolw
Decimal | 0.1580000 V2 Overflow
V1 Overflow

HEX: % 143958

System Gain
Decimal | 1.2500000
HEX: 3 500000

Settle Time

HEX: & 0

V2 Swell Registers
V2SwellLEVEL | 09999999

cPCe2 [ HEX: 3 7FFFFF
CPCC1 0| v ﬁﬁf
Frccz 3 62 HEx: & o
£PCCT I

Pulse Width Register
HEX: # 613F0

Pulse Freq Range
0.003725 to 31.25 Hz ¥

80.000 ms

PulseWidth |

Pulse Rate Register
HEX: 4 Boo000

PulseRate | 31.25000 Hz

11 Overcurrent Register
MOver EVEL | 0.9999939
HEX: & 7FFFFF.
NovebuR 3 0
HEX: §|—‘[i'

I2 Overcurrent Register
120verLEVEL

HEX: 3 7FFFFF
120veiDUR & 0
HEX: ﬁ\ 0

999999

Tsettle  2000.000 ms

HEX: 3 1F40

Epsilon
Line Freq 49.96 Hz

HEx: 3 1343

Temperature Registers
Toff HEX: % D53%08

ToanHEX: 3 68716

Zero-crossing Level
ZXLevel 0.125

HEX: 3 100000

Register Checksum

HEX: 5COED4

12 Overcurrent
11 Dvercurrent
V2 Sag
V1 Sag
Temperature Updated
Epsilon Updated
Invalid Command
Checksum Exor on Serial Port
ROM CRC Enor
RX (SDI) Timeout

o e e e e e e e W R e s |

SerialCtrl Register
HEX: 2004D

RX Pullup On ¥’
Checksum off >
TXLength [ 3Bytes)y
Baud Rate 600 ¥

Crystal |4.096000 MHz
Lock Registers

Unlock Registers

Refiesh Screen

Reset DUT

Figure 17. Setup Window
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A 4

START
CONTINUOUS
CONVERSION

0xD5

A

4
WAIT 2 SEC
Tsettle = 2000ms

A 4

CLEAR DRDY

START CONTINUOUS CONVERSION
(See Figure 18.)
SDI= 0xD5  Send Continuous Conversion Command

B Conversion Window L‘@|E‘

System  CirrusTest Connect  Quit!

CHANNEL1 RESULT MEAN STD. DEV RESULT MEAN STD. DEV
vims | 0599751830 | 0.599849933 | 0.000015738 Temperature 0.00 0.00 0.00
Irms | 0599904478 | 0599912226 | 0000006331 EinelieEncy 19.959 19.992 0.016
Active Pwr | 0.358794736 | 0.350854567 | 0.000003933
STATUS O STATUS 1 uex: | so1800
Apparent Pwr | 0.358793663 | 0359857154 | 0.000009373 —
. : - HEX: RN Digital Clock Enabled °
Reactive Pwr | 0.000553846 | 0.002970334 | 0.000031032 Bty e >
. Canversion Ready V2ims Overflow 5
Power Factor 0.999995881 0.999588115 0.000025201 Watchdog Overflow Virms Dverflow 9
Vpeak | 0848626852 | 0.679036760 | 0.509171868 MRS 12ime Overflow .
V2 Swell 1ims Dyerflow 3
Ipeak | 0.848668337 = -0.169655132 | 0.831486210 L smel V2/Temp Modulator 05C 2
P2 Overflow V1 Modulator 0SC 5
P1 Dverflow 12 Modulator 0SC 2
CHANNEL2 :12 gvel::nw 11 Modulator DSC 4
Vrms | 0.599759340 | 0.599849522 | 0.000014712 Y Last DSP Command Excuted 18
V1 Overflow

Irms 0599914432 = 0.599922472 0.000006186

12 Overcurrent B
- no HEX: 1]
Active Pwr | 0.359804988 | 0.359861279 | 0.000008402 verourtent SIATUS 2

V2 Sag

V1 Sag ;
Apparent Pwr | 0359804153 | 0.359863091 | 0.000009226 1eg“:alu:: :Ipld:ud uuzs::';sa'i:- 2
i E psilon Update: a1 S .
Reactive Pwr | 0.000654562 | -0.002860522 | 0.000033009 e P;\:“gm;gnn g
Checksum Error on Serial Port P2avq Sign 5
Power Faclor | 0.999999881 0999989235 | 0.000024712 e i e e e :

VOVO0OVOVOVOOOOOOOO0OQODe®

RX (SDI) Timeout

vpeak | 0848670463  0.339420271 | 0.777858324

Ipeak 0.848633051 0.000060701 0.848636064

SRl einoe] Single Conversion
3 10

J OGT oni

Pttt [_Powervp |

TOTAL
Active Pwr 0.719599485 = 0.647744370 0215914791

Continuous Conversion

Apparent Pwr | 0.718536624 0.647750115 0.215916706

Reactive Pwr 0.001125097 | -0.005250144 0001751208

Figure 18. Conversion Window

WAIT FOR TSETTLE TIME
Wait for Tsettle time.

CLEAR DRDY in INTERRUPT STATUS
SDI = 0x80 0x57 0x800000 Write DRDY Interrupt in Status 0
SDO =0xFF  OxFF OxFFFFFF (Page 0, Register 23)

DRDY SET?

SDI= 0x80 O0x18 OxFFFFFF Read Status 1 for DRDY Interrupt (Not Set).
SDO =0xFF  OxFF 0Ox4XXXXX (Page 0, Register 24)

SDI = 0x80 0x18 OxFFFFFF Read Status 1 for DRDY Interrupt (Set).

SDO =0xFF  OxFF OxCXXXXX (Page 0, Register 24)
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A
R CLEAR DRDY in INTERRUPT STATUS
DRDY SDI = 0x80 0x57 0x800000 Write DRDY Interrupt in Status 0
SDO =0xFF  OxFF OxFFFFFF (Page 0, Register 23)
READ IRMS, VRMS PAVG
(See Figure 19.)
Channel 1
SPI= 0x06  OxFFFFFF Read 1RMS
SPO =0xFF  0x999357 (Page 16 Register 6)
SPI= 0x07  OxFFFFFF Read VIRMS
SPO =0xFF  0x998956 (Page 16 Register 7)
SPI= 0x05  OxFFFFFF Read P1AVG
SPO =0xFF  Ox2EODC1 (Page 16 Register 5)
SPI= 0x14  OxFFFFFF Read S1
SPO =0xFF  Ox2EODBS8 (Page 16 Register 20)
SPI= OxOE  OxFFFFFF Read Q1AVG
SPO =0xFF  0x001226 (Page 16 Register 14)
SPI= 0x15  OxFFFFFF Read PF1
SPO =0xFF  Ox7FFFFF (Page 16 Register 21)
SPI= 0x13  OxFFFFFF Read VIPEAK
SPO =0xFF  O0x6C9FCE (Page 16 Register 19)
SPI= 0x12  OxFFFFFF Read MPEAK
SPO =0xFF  Ox6CA12A (Page 16 Register 18)
Channel 2
SPI= 0x0OC  OxFFFFFF Read I2RMS
SPO =0xFF  0x9993FE (Page 16 Register 12)
SPI= 0xOD  OxFFFFFF Read V2RMS
v SPO =0xFF  0x9989D4 (Page 16 Register 13)
SPI= 0xOB  OxFFFFFF Read P2AVG
VRIS, PAVG SPO=0xFF  Ox2EOE17  (Page 16 Register 11)
SPI= 0x18  OxFFFFFF Read S2
SPO =0xFF  Ox2EOE10 (Page 16 Register 24)
SPI= 0x10  OxFFFFFF Read Q2AVG
SPO =0xFF  0x00122C (Page 16 Register 16)
SPI= 0x19  OxFFFFFF Read PF2
SPO =0xFF  Ox7FFFFF (Page 16 Register 25)
SPI= 0x17  OxFFFFFF Read V2PEAK
SPO =0xFF  0x935EC4 (Page 16 Register 23)
SPI= 0x16  OxFFFFFF Read I2PEAK
SPO =0xFF  0x6CA002 (Page 16 Register 22)
Total
SPI= 0x1D  OxFFFFFF Read PSUM
SPO =0xFF  0x5C1BD6 (Page 16 Register 29)
SPI= Ox1E  OxFFFFFF Read SSUM
SPO =0xFF  0x5C1BBE (Page 16 Register 30)
SPI= Ox1F  OxFFFFFF Read QSUM
SPO =0xFF  0x0024DE (Page 16 Register 31)
SPI= 0x1B  OxFFFFFF Read T
SPO =0xFF  0x000000 (Page 16 Register 27)
SPI= 0x31 OxFFFFFF Read Epsilon
SPO =0xFF  0x019943 (Page 16 Register 49)
A
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A Conyersion Window. - ‘@‘

System  CirrusTest  Connect  Quit!

X

CHANNEL1  RESULT MEAN STD. DEV RESULT MEAN STD. DEV
Vrms | 0.599751830 | 0.599849933 | 0.000015738 Temperature 0.00 0.00 0.00
Irms | 0.599904478 | 0.599912226 | 0.000006331 (L= (FrE ey 49.959 49.992 0.016
Active Pwr | 0.359704736 | 0358854567 | 0.000008933
STATUS 0 STATUS 1 uex: [so1800
Apparent Pwr | 0.359793663 | 0359857154 0000009973
HEX: Co0000 -
5 Digital Clock Enabled °
Reactive Pwr | 0.000553846 | -0.002970934 0.000031032 Data Ready DSP Halt 3
- Conversion Ready V2ims Overflow o
Power Factor | 0333399881 0999988115 | 0.000025201 e e 4
Vpeak | 0.848626852 ~ 0.679036760 | 0.509171868 IS 12rms Overflow 9
V2 Swell Nrms Overflow o
lpeak | 0848668337 = -0.169655132 | 0.831486210 YliSaet V2/Temp Modulator 0SC 2
P2 Overflow ¥1 Modulater 0SC 5
P1 Dverflow 12 Modulator 0SC o
CHANNEL 2 12 Dverflow 11 Modulator 0SC. o
11 Overfl
Vrms | 0599758340 | 0539843522 | 0.000014712 T e Last DSP Command Exculed 18

¥1 Overflow
12 Dvercurrent

Irms 0.599914432 0599922472 0000006186

P00000000O0OODOO0ODO0E®

Active Pwr | 0.359804388 | 0359861279 | 0.000008402 n u‘;';::em SEME 2 -
ApparentPwr | 0.358804153 | 0.359863091 | 0.000009226 Tempﬂ‘;:uf:ﬂpdam ] 2
Reactive Pwr | 0.000554562 | -0.002860522 | 0.000033003 E":-::L";.T.::; %13‘.’.?;;2." 2
Power Factor | 0.999999861 | 0999989235 | 0.000024712 Cooteeam Eronon selon eova Sion 7

Vpeak | -0.848670483 | 0.339420271 | 0.777858324 (3 () e

Ipeak 0848633051 | 0.000060701 0.848636064

sTOP :
Active Pwr | 0.719599485 | 0647744370 | 0.215314791 [ Standby Mode |

DATALOG [~ gn/off

ApparontPwr | 0.719596624 | 0647750115 | 0215916706 :
- Filename

Reactive Pwr 0.001125097 -0.005250144 0001751208

Figure 19. Conversion Window

CALCULATE VOLTS, AMPS, AND WATTS

Channel 1

AMPS1 = HEX2DEC(I1RMS) / OXFFFFFF / 0.6 x FS_Current
VOLTS1 = HEX2DEC(V1RMS) / OXFFFFFF / 0.6 X FS_Voltage

\i

CALCULATE If (P1AVG < Ox7FFFFF) Then
VOLTS = FS_Voltage x (VRMS/0.6)
AMPS =FS_Currentx (VRMS/0.6)

AT B e ) | WATTS1 = HEX2DEC(P1AVG) / Ox7FFFFF / 0.36 X FS_Power

Else
WATTS1 = (HEX2DEC(P1AVG) - OXFFFFFF) / OX7TFFFFF / 0.36 X FS_Power

Channel 2
AMPS2 = HEX2DEC(I2RMS)/0xFFFFFF / 0.6 X FS_Current
VOLTS2 = HEX2DEC(V2RMS) / OXFFFFFF / 0.6 X FS_Voltage

If (P2AVG < Ox7FFFFF) Then
WATTS2 = HEX2DEC(P2AVG) / Ox7FFFFF / 0.36 X FS_Power
Else
WATTS2 = (HEX2DEC(P2AVG) - OXFFFFFF) / OX7TFFFFF / 0.36 X FS_Power
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6.2 Main Calibration Flow Diagram Using the CDB5484

The following flow diagram shows the implemented of gain calibration using the CDB5484U and a PC as the
controller. The MTE source is used to provide the source voltage and load current. Each step of the flow shows
the CDB5484 GUI screen capture of execution and reading results. The register writes and reads are all identi-
fied for easy compares to the GUI screen. The GUI is not promoted for production level calibration but does pro-
vide an excellent debugger for customer flow evaluation.

POWER UP

!

RESET

©

:
|

POWER UP
Power up CDB5484U per data sheet using terminals J36 and J37.

RESET
(See Figure 20.)

SDI = 0xC1

Setup Window

Reset CS5484 software Reset.

EEX

System CirusTest Connect Quit!

Config 0 Register

Config 2 Register

Config 1 Register
nex 4 EEEE

HEX: 3400000 ex: 4 60200

TSEL off ¥
iCPU off v| FPOS | Disable |
CPUCLK_ON Off ¥ T5G Disable |
v2_caP Voltage ¥| | APCM Ims * Vims ¥
INT_POL Low~¥|  ZX IPF Disable '
ELGE L x¥|  AVG_MODE |ADC Samples ¥
_PGA PN (L5 4| REG_CSUM On ™
NOZOSCE ] OSC Enabled g S Apc Onv
12X Channel ny

12FLT No Filters ¥
VZX Channel Vi

V2FLT No Filters ¥
1FLT No Filters ¥
VIFLT No Filters ¥

DO3MODE OFF (Hi-Z) ¥
DO2MODE OFF (HI-Z) ¥
DO1MODE OFF (Hi-Z) ¥

Pulse Control Register
HEX & 0

EPGA Input Plavg ¥
EPG3 Input Plavg ¥
EPG2 Input Plavg ¥
EPG1 Input Plavg ¥

EPG4 off ¥ L [ _on¥
EPG3 off
EPG2 Off ™ Phase Comp Register
EPG1 off ¥ HEX: & 0
DO4_0D No ¥

cpec2 o
D03 0D No ™

crect | owl
D02_0D No ¥ _
DO1_0D Noy| FPO2 3 ]
DOSMODE | oFf izw|  FPCCT H ]

Pulse Width Register
Hex: 1

Pulse Freq Range

0.238 - 2 kHz ¥

PulseWidth | 0.266 ms

Pulse Rate Register
HEX: 4 800000

PulseRate | 2000.00000 Hz

V1 Sag Register
VISagLEVEL[ 0.0000000

No Load threshold

Mask Register

Decimal | 0.0000000
- = HEX ¥ 0
HEX & 0 HEX: 3 0
- = Data Ready
L ﬁ‘ g Sample Count Register m C ion Ready
HEX 4 0 | SampleCount & 4000 [ Watchdog Overflow
] V2 Swell
V2 Sag Register Cycle CHI.IEII Re_gisler F V1 Swell
S | CydleCount 4 100 o
V25agLEVEL | 0.0000000 r s
HEX: gf 0 Integrator Gain L 12 Overflow
= [ 11 Overfolw
v2sagDUR 3 0 Decimal | 0.1580000 m V2 Overflow
He: [ HEX 3 143958 L Y1 Operfion
| 12 Overcurrent
: C 1 Overcurrent
V1 Swell Registers System Gain ml V2 Sag
VISwellLEVEL | 0.9399399 2500000 C V1 Sag
[ — ml Temperature Updated
HEX 3 7FFFFF HEX: ¥ 500000 | Epsilon Updated
V1SwellDUR ﬁ\ 0 ) r Invalid Command
HEx 4 = Settle Time I™ Checksum Error on Serial Port
| Tsettle 7500 ms :: oM Gy
V2 Swell Registers HEX: ﬂ 1E St
———
VZS'"’"LEVEL% BTN S — SerialCtrl Register
HEX: iﬂ FF £Lpstlon
Line Freq 50.00 He B2 2D

V25wellDUR % 0
HEC 4 o

11 Overcurrent Register
110ver EVEL | 09999939
HEX: 3 TFFFFF

noveDUR 3 0
HEC & o
12 Overcurrent Reg
120verlEVEL |
Hee F
20veDUR 3§ 0
HEX: ﬁ}' 0

HEX % 1999A

Temperature Registers
Toff HEX: % D8B6FA
Toan HEX 3 6EAS

Zero-crossing Level
ZXlevel 0125

HEX 3 100000

Register Checksum
HEX: 0

RX Pullup on¥
Checksum Off ¥
Baud Rate 600 ¥

Crystal |4.096000 MHz

Figure 20. Setup Window
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SINGLE
CONVERSION

ALID
RESET
REGISTER
CHECKSUM
?

YES

®

NO

SINGLE CONVERSION

The register checksum is computed each time a conversion is completed (Single or Con-

tinuous).
(See Figure 21.)

SDI = 0xD4

System  CirusTest Comnect Quit!

AN366

Send Single Conversion Command

CHANNEL1  RESULT
Vims | 0.6384026
Ims | 0.6036436
Active Pwr 0.3852559
ApparentPwr | 0.3853674
Reactive Pwr | 0.0083706

Power Factor 0.9997106
Vpeak 09112606
Ipeak -0.8590794

TN sormpies o Average:

RESULT MEAN STD. DEV
Temperature | 000 | 000 | 0.00
Line Freqency | 50000 | oeoo | 0000
STATUS 0 ST
HEX: | 801800
HEX: | C00000
Data Ready : V2/Temp Modulator 05SC o
Conversion Ready
Watchdog Overflow 3 B -
MIPS ] 12 Modulator OSC ]
V2 Swell 2 11 Modulator OSC el
V1 Swell >
P2 Overflow 2]
S 5 Last DSP Command Excuted 18
12 Overflow >
11 Overflow 2]
V2 Overflow 9
V1 Overflow 2]
12 Ow 3 STATUS 2 HEX 0
11 Overcumrent 2]
V2 Sag 3 Qsum Sign 9
V1 Sag > Q2avg Sign o
ospmst el ipdetod BN & Glavg Sign 0
Epsilon Updated 2]
Invalid Command 2] e 9
Checksum Enmror on Serial Port P2avg Sign 9
ROM CRC Error 5 Plavg Sign o
X (SDI) Timeout 2]

o ¢

DATA LOG [~ gn/0ff

e I |

CHANNEL2
Vrms | 06384240 | 0.0000000 |  0.0000000
Ims | 06035557 | 00000000 = 0.0000000
Active Pwr | 03852010 |  (0.0000000 |  0.0000000
ApparentPwr | 03853242 | 00000000 |  0.0000000
Reactive Pwr | 00122800 | 00000000 |  0.0000000
PowerFactor | 09996800 |  0.0000000 |  0.0000000
Vpeak | 09235382 | 00000000 |  0.0000000
Ipeak | 03601513 | 00000000 = 0.0000000

TOTAL

Active Pwr 00000000 |~ 0.0000000 |  0.0000000
ApparentPwr | 00000000 |  0.0000000 = 0.0000000
Reactive Pwr | 00000000 | 00000000 = 0.0000000

VALID REGISTER CHECKSUM TEST

Figure 21. Conversion Window

PC/Controller tests if valid checksum is received (see Figure 22).

SDI = 0x90
SDO =0xFF

Setup Windov:

System CirrusTest Connect Quit!

0x01

OXFFFFFF

OxFF O0x46ECA1

Read Register Checksum

Config 0 Register

Config 1 Register

HEX: 3] 400000
TSEL off =
iCPU off =
CPUCLK_ON off
V2_CAP Voltage ¥
INT_FOL Low ¥
12_PGA v
11_PGA 16y
NO_OSC OSC Enabled ¥
1ZX Channel [
VZX Channel Vi

Config 2 Register

HEX 3 60200

POS [ Disable ]
TSG Disable ¥
APCM Ims * Vims ¥
ZX_LPF Disable ¥
AVG_MODE ADC Samples ¥

REG_CSUM On ¥
AFC On ¥

12FLT No Filters ¥
V2FLT No Filters ¥
NFLT No Filters ¥

DO3MODE OFF (Hi-Z) ¥
DOZMODE | OFF (H-2) |
DO1MODE OFF (Hi-Z) ¥

Pulse Control Register
HEx: 4 0

EPG4 Input Plavg ¥

EPG3 Input Plavg ¥
EPG2 input Plavg ¥

EPGT Input Plavg ¥

uex: 4 EEEE CARET | Mo Aiters |

EPG4 off ¥/ U2 L onv]
EPG3 off
EPG2 off ! Phase Comp Register
EPG1 off ¥ HEX: 3 0
DO4_0D No™

e | @E= [
DO3_0D No ™

== | crcc1 o~
DO2_0D No ™
DO1_0D Vov| FPEcz 0
DO4MODE OFF tizyw| | FPEC1 3 0

Pulse Width Redgister
HEX: 3 1
Pulse Freq Range

0.238 - 2kHz ¥

PulseWidth | 0266 ms

Pulse Rate Register
HEX: 3 200000

PulseRate | 2000.00000 Hz

V1 Sag Register No Load threshold Mask Register
VISagLEVEL | 0.0000000 | pecimal | 00000000 5
—— HEX: 0
HEX: 4 0 HEX: ¥ 0
EE— I Data Ready
ViSagDUR 3 ° | Sample CountRegister | I Conversion Ready
HEX: 3 0] || SompieCoun I 4000 | T Watchdog Overflow
I V2 Swell
V2 Sag Register Cycle Count Register I V1 Swell
— eCount & 100 [mi P2 Overfk
V2saglEVEL| 00000000 | YK i i r i haa
nee o 0 Integrator Gain r 12 Overflow
r 11 Overfolw
V25agDUR & [ Decimal | 0.1580000 r V2 Overflow
HEX 0 HEX: % 143958 [ YUE T
r 12 Overcurrent
= r 11 Overcurrent
V1 Swell Registers System Gain r V2 Sag
VISwellLEVEL | 0.9999999 Doreml 1 2500000 r V1 Sag
. — = I Temperature Updated
HEX: 3 7RFFFF HEX: 3 500000 r Epsilon Updated
ViSwelDUR & 0 r Invalid Command
Settle Time I” Checksum Emor on Serial Port
HEX:
| - Teettle 7500 ms ": G ELERE Er
V2 Swell Registers Hex: 4 v Ry e
e I Eoall SerialCtrl Register
FFF )silon
HEX: 3 7FFFFF Epsilon E By
Line Frea 50.00 Hz
V25wellDUR 3 0
(1= HEX ] 1999A RX Pullup on ¥
no Register I Registers Checksum Off ¥
1OverlEVEL | 0.9999999 | Toff HEX: g\ D8BEFA Baud Rate 600 ¥
HEX: & 7FFFFF —
Toain HEX: 3 GEAS9
P < | 2 Crystal [4.096000 MHz
- rystal |4.
HEX: 3 0 Zero-crossing Level
- ZXLevel 0.125
12 Overcurrent Register 5
Be— HEX: 100000
g W [ |
Hex §I Register Checksum
120verDUR 3 0
HEX: & o

Figure 22. Setup Window
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ENABLE
HIGH PASS
FILTER

®

ENABLE HIGH PASS ON VOLTAGE AND CURRENT

(See Figure 23.)

SDI= 0x90  0x40
SDO =0xFF  OxFF
SDI= 0x90  0x00
SDO =0xFF  OxFF

Setup Window

System CirrusTest Connect Quit!

0X0602AA
OXFFFFFF
OXFFFFFF
0x0602AA

Write Register Config2 to enable HPFs

Read Register Config2 to enable HPFs

Config 0 Register

HEX: 3400000

TSEL off >
iCPU Off .
CPUCLK_ON Off .
V2_CAP Voltage ¥
INT_POL Low ¥/
12_PGA 10x ¥
11_PGA 10x ¥
NO_OSC 0OSC Enabled ¥
12X Channel 1y
VZX Channel vy

Config 1 Register

Config 2 Register
HEX: 3 602AA

POS Disable ¥
TSG Disable ¥
APCM Irms * Vims >
ZX_LPF Disable ¥
AVG_MODE |ADC Samples ¥
REG_CSUM On v
AFC On ¥

DO3MODE OFF (Hi-Z) ¥
DO2MODE OFF (Hi-Z) ¥
DOTMODE | OFF te2) ]

Pulse Control Register
Hex: 3 0

EPG4 Input Plavg ¥

EPG3 Input Plavo ™

EPG2 Input Plavg ¥

EPG1 Input Plavg ¥

HEx: 3 EEEE

EPG4 Off ™
EPG3 off ¥
EPG2 o Phase Comp Register
EPG1 Off ¥ HEX: 3 0
DO4_0D No ¥

& | cri= e
D03 0D No v

— o || &= 0w

D02_0D No ¥
DO1_0D ow| P2 3 [
DO4MODE OFF (Hi-2) ™" Frcct g 0

Pulse Width Register
HEX: 3 1
Pulse Freq Range

0.238-2kHz ¥

PulseWidth | 0266 ms

Pulse Rate Register
HEX 3 800000

PulseRate | 2000.00000 Hz

V1 Sag Register
V1SagLEVEL | 0.0000000
wee § 0
VisagDUR & 0
HEXC 4 0

V2 Sag Register
V2SagLEVEL | 0.0000000
e 0
V2sagDUR & 0
HEX: 4 0

V1 Swell Registers
VISwellLEVEL | 0.9999999
HEX: 3 7RFFFF

No Load threshold
Decimal 0.0000000
HEX: 3 [

Sample Count Register

Mask Register

SampleCount 4 16000
Cycle Count Register
CycleCount 4 100
Integrator Gain
Decimal = 0.1580000
HEX: 3| 143958

System Gain
Decimal | 1.2500000
HEX: 3| 500000

ViSwellDUR 3 0 e
HEXC § g Tsettle  2000.000 ms
V2 Swell Registers wex 3§ Fa0
V2SwellLEVEL 0.9999999
HEC 3§ 7FFRFE Ensilon
vaswelDUR 3 0 ionten Cg =
] HEX: 3 1EB91
1o Register | I Registers
1OverlEVEL | 09999999 | Toff HEX 3 DsserA
HEX: g\ FFFFFF s §!m
HoverDUR & 0
HEX: 4 [ Zero-crossing Level

12 Overcurrent Register
I120verlEVEL | 0.9999933

HEX: 3 7FFFFF
120verDUR 3 0
HEX: §\7u

ZXLevel 0.125
HEX: 3 100000

Register Checksum
HEX: 1AB05F

ROM CRC Emor
RX {SDI) Timeout

(0
S
g

SerialCtrl Register
HEX: 2004D

RX Pullup On ¥
Checksum Off ¥
Baud Rate 600 ¥

Crystal |4.096000 MHz

Reset DUT

Figure 23. Setup Window
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APPLY FULL-SCALE VOLTAGE TO SOURCE

(See Figure 24.)

PRS400.3

Q  PPsioos O

I [.U |||:| axl N JHHHE V. |||.qx|.| TH20.8A V [lmax  7A60a A
L1

Seauence | Data Base

L
A — V||[u: [—— v |[u 240.000 V
'lbn ‘ [ Al — A 399998 A
A | e [P e o<
————— [eb. [—— * | [eb 000 °

m I’E UJE 11E I7E OW

[ i h
114.80.2%0

PC/Controller knows if full load or partial load is available (see Figure 25 for partial load).

GAIN CALIBRATION
Gain Channel 1

vot_ % 400000 | 10000000 [

Curr. 3 200000 | 1.0000000 [0
Gain Channel 2

vo. & 400000 | 1.0000000 [0

cur. 4 400000 | 10000000 [0

SCALE ﬁ 200000 | 02500000

APPLY FULL-
SCALE (FS) PERFORM
VOLTAGE PHASE
TO SOURCE COMPENSATION
PF=1
Figure 24. Meter Test Equipment
See Non-full-scale Gain Calibration on page 9.
FULL LOAD AVAILABLE
SDI= 0x92  0x7F 0x200000 Write Scale 0.25
SDO =0xFF OxFF OxFFFFFF
SDI = 0x92 Ox3F OxFFFFFF Read Scale 0.25
SDO =0xFF  OxFF 0x200000
A Calibration Window
System CirrusTest Connect Quit!
OFFSET CALIBRATION
DC Offset Channel 1
Weli:d ¢ | ooooo000 [T
FULL LOAD cur 3 0 | oooooooo TN
WVAILABLE 2"NO
DC Offset Channel 2
vor. 5 o | o.0ooo000 [kl
vES cur &0 00000000 TN
AC Offset Channel 1
APPLY || et cr 0/ 0oouooo0 [
LoAD 06 x LOAD +FS AC Offset Channel 2
cur- 3 0 c.ocoooco [T
Active Power Offset
Ploff 30 | 0.0000000
P2off 3 0 | 0.0000000
Reactive Power Offset
aloffd 0 0.0000000
a4 o/ 0.0000000
Figure 25. Calibration Window
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@ @ SET TSETTLE
(See Figure 26.)

SDI = 0x90 0x79 0x001F40 Write TSETTLE = 2000ms
SDO =0xFF  OxFF OxFFFFFF (Page 16, Register 57)
SDI= 0x90  0x39 OxFFFFFF Read TSETTLE = 2000ms
SDO =0xFF  OxFF 0x001F40 (Page 16, Register 57)
Setup Window [T
Srsien CrmsTest. Comect. Quit
= = mem VISagLEVEL| 0.0000000 | pecimal | 0.0000000 ex 4 o
TSEL oif v Lo | 3 Hex: 3 o - - F
ey e | ros  [__Desen] || vissooun O | Somple CountRegiser | I Comveron Resdy
crucLon oix| 6 Deae v M S 0| somieown 4 aw| T WachigOlor
::’;C:ZL VD“:;: APCH Imn. = v1 V2 Sag Register Cycle Count Register L V1 Swell
IS w ZX_LPF isable ¥ L P2 Overfloy
BEE L 1Yl AVG_ MODE |ADC Samples ¥ vasooueveL[omooow | Croecert .mn 'I: 'I’z‘gv:f
11_PGA 10v| | ReG_csuM On ] vex o 2 [y I 11 Overow
NO_OSC 0OSC Enabled ¥|  ppc o V25agDUR | 0 Decimal | 0.1580000 ||: V2 Overflow
12X Channel vl —‘v HEX: & 0 HEX: 3§ 143958 v Osertion)
e I " = D ==
- - G
Config 1 Register AT HPEY| | VISwelLEVEL] 0.9999999 |  pocimal | 12500000 E View
VIFLT HPF | B FFI i emsaae iy
Toato = TR = P
EPG4 oi Settle Time m Error on Serial Port
2000 ms EPG3 off v HEX: & 0 [ni ROM CRC Ermor
= o Phase Comp Register Mol 2000000 me ) O e
— = V2 Swell Registers wex & iFa0
£rGt — = TEEC L V2SwellLEVEL | 0.9999999 = » .
D04.0D. No v SerialCtrl Register
e —ag | = s oy | | e e
i = vaswaiooR § 0
bo1_op 5 i o e el B T on]
vomove |_oregaaw] | FPC1 d 9 11 Overcurrent Register Registers | Checksum oty
DO3MODE | OFF (Hi-2) Pulse Width Register 1OverlEVEL | 09999999 | Toff HEX: 3  D8BGFA Baud Rate 600 ¥
ey Y = | R
Pulse Freq Range. HowDUR 2 Crystal |4.096000 MHz
Pulse Control Register 0.238 - 2 kHz ¥ HEX: 0 Zero-crossing Level
— g PuisoWiah 0266 ™ 2 Overcurent Regiser | oo 01
EPGA Input Plavg ¥ N 120verl EVEL | 0.9999999 HEX 3l 100000 ———
EPG3 Input Plave ¥ I Wex 4 e »
———— Register Checksum
e | N A et S| e p——
EPGT Input Plavow| | PulseRate |2000.00000 He )
Figure 26. Setup Window
(See Figure 27.)
SDI= 0x90 0x73 0x003E80 Write Sample Count = 16,000
SDO=0xFF  OxFF OxFFFFFF (Page 16, Register 51)
SDI = 0x90 0x33 OxFFFFFF Read Sample Count = 16,000
SDO =0xFF  OxFF 0x003E80 Page 16, Register 51
’
Setup Window
System CrrusTest Qut!
Config 0 Register Config 2 Register V1 Sag Register No Load threshold Mask Reqister
HEX: 3 400000 HEX: & 603 V1SagLEVEL| 0.0000000 |  Decimal | 0.0000000 vex & o
TSEL off | e g
I — L — T R g TRy N S o
CPUCLK_ON offv| | TSG Disable | HEX & SampleCournti & 16000 = waav.uzog zledlow
St sCloni ::IZ;CPA:L vn“f:e: e =B V2 Sag Register rele.Couy Regiors r V1 Swel
— _f W ZX_LPF Disable ¥ L 100 ul P2 Overflow
(N) = 16,000 12_PGA = | e | = ECIIn e = P1 Overflow
11_PGA 10x v Ny HEX: g\ 0 Integrator Gain ) 12 Overflow
REG_CSUM onv| r 11 Overfolw
NO.0SC  [0SCEmbed™| | ac o] | VISR § 0 | Decimal | 0.1580000 r v2ovion
:qu“"' —‘::: 12FLT Integrator | HoG S a0 HEX: 3 143958 r 2 Overcument
ver [ weey] V1 Swell Registers System Gain ; " V2 Sag
Config 1 Register LT HPEX| | ViSwcllLEVEL| 0.9939999 Decimal | 1.2500000 ": - e Sﬂﬂwdai
wex: 3 EEEE VAR [ weey| HEX 3 TFFRFF HEX: 3| 500000 C E;;?n"&dm
= IR —o r
EPG4 L_ o x| || i 2 Settle Time rm'"'m’ma Port
S I Ph B [E2E S Tseitle | 2000000 ms | [ (G (e
EpG2 ik S et V2 Swell Registers 4 w e
— A V2 Swell Registers HEX: 1Fa0
L5l — vl e 2 V2Swell LEVEL | 0.9999399 Seri .
D04.0D o 2 coston erialCtr Register
D03.0D o | 2 ol - I = =000 1 HEX | 2004D
o e R LT el iy M
y i | P2 § 0 [ ) 1999 RX Pullup. On v,
DO1_0D No ¥ |
vowore oy P 3 2 11 Overcurrent Register | Temperare Registers | Checksum | off |
DO3MODE Pulse Width Register 11OverLEVEL | 0.9999999 | Toff HEX: g\wm Baud Rate 600 ¥
:ix:i e 3 1 UE2 ¢ M Toain HEX 3 6EASS
Puise Freq Range =T g Crystal [4.096000 Mz
Pulse Control Register 0.238- 2 kHz ¥ Hex: Q Zero-crossing Level
Hex: 3 0 PulseWiah | 0266 me 2 Overcurrent Register | oo O
Erestws [ Plavon] Pulse Rate Register oot _osesseo! e 4 oo ==
EPG3 Input Plavg ¥ Hex 4 @00 Hex 3 e Register Checksum
EPG2 Input Plavg ¥} 120verDUR 3 0 HEX: 46ECAT EESREE
7 8 g ) g —— R — —

Figure 27. Setup Window
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START
CONTINUOUS
CONVERT
0xD5

READ
IRMS, VRMS,
PAVG, QAVG, PF

CIRRUS LOGIC’

®

START CONTINUOUS CONVERSION
(See Figure 28.)

SDI = 0xD5
SDO =0xFF

Write Continuous Conversion

AN366

Apparent Pwr
Pwr

actor | 0.9999999

Irms | 06045091 | 0.0000000
Active Pwr 03864719 0.0000000
| 03864586 |  0.0000000

00003226 | 0.0000000

0.0000000

Temperature

Line Fregency

STATUS 0
HEX: | C00000

Data Ready
Conversion Ready
Watchdog Overflow

Vpeak

CHANNEL2
Vims.

Irms.

Active Pwr
Apparent Pwr
Reactive Pwr

Power Factor

Vpeak

Ipeak
TOTAL

Active Pwr

Apparent Pwr

Reactive Pwr

lpeak | -0.8550715

-0.9045053 0.0000000

0.0000000

06390210 0.0000000

06044217 00000000
03862513 00000000
0.3862381 0.0000000
00003819 00000000
0.9999999 0.0000000
09040735
08549631

0.0000000 0.0000000

0.0000000 0.0000000

0.0000000

0.0000000 |
0.0000000 |

00000000 |

RESULT

60.006

MEAN STD. DEV
0.00 0.00 0.00

0.000 0.000

STATUS 1 Hex: [ 801800

V2/Temp Modulator OSC
V1 Modulator OSC
12 Modulator OSC.
11 Modulator OSC

Last DSP Command Excuted 18

STATUS 2 Hex: | 0

Qsum Sign
Q2avg Sign
Qlavg Sign
Psum Sign
P2avg Sign
Plavg Sign

Figure 28. Conversion Window

START CONTINUOUS CONVERSION
(See Figure 28.)

Channels 1 and 2, Current

SDI = 0x90 0x06 OxFFFFFF Read I1RMS
SDO =0xFF  OxFF O0x9AC11C (0.604509151)
SDI = 0x90 0x0C OxFFFFFF Read I2RMS
SDO =0xFF OxFF O0x9ABB62 (0.604421771)
Channels 1 and 2, Voltage

SDI = 0x90 0x07 OxFFFFFF Read VIRMS
SDO =0xFF  OxFF OxA3A8BE (0.63929359)
SDI = 0x90 0xOD OxFFFFFF Read V2RMS
SDO =0xFF  OxFF OxA396E2 (0.639021077)
Channels 1 and 2, Active Power

SDI = 0x90 0x05 OxFFFFFF Read P1AVG
SDO =0xFF  OxFF 0x3177E9 (0.386471914)
SDI = 0x90 0x0OB OxFFFFFF Read P2AVG
SDO =0xFF  OxFF 0x3170AF (0.3862514)
Channels 1 and 2, Reactive Power

SDI = 0x90 0xOE OxFFFFFF Read Q1AVG
SDO =0xFF  OxFF 0x000A92 (0.0003226)
SDI = 0x90 0x10 OxFFFFFF Read Q2AVG
SDO =0xFF  OxFF 0x000C84 (0.0003819)
Channels 1 and 2, Power Factor

SDI = 0x90 0x15 OxFFFFFF Read PF1
SDO =0xFF  OxFF Ox7FFFFF (1)

SDI = 0x90 0x19 OxFFFFFF Read PF2
SDO =0xFF  OxFF Ox7FFFFF (1)

Total

SDI = 0x90 0x1D OxFFFFFF Read PSUM
SDO =0xFF  OxFF 0x000000 (0)

SDI = 0x90 0x1E OxFFFFFF Read QSUM
SDO =0xFF  OxFF 0x000000 (0)

SDI = 0x90 0x1F OxFFFFFF Read SSUM
SDO =0xFF  OxFF 0x000000 (0)

(page 16, register 6)

(page 16, register 12)

(page 16, register 7)

(page 16, register 13)

(page 16, register 5)

(page 16, register 11)

(page 16, register 14)

(page 16, register 16)

(page 16, register 21)

(page 16, register 25)

(page 16, register 29)
(page 16, register 30)

(page 16, register 31)
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ISPF=12

YES

STOP
CONVERSIONS
0xD8

CLEAR DRDY

SEND AC GAIN
CALIBRATION
OxFE

©)

CIRRUS LOGIC’

AN366

IS PF=1?
PC/Controller tests if PF returned is 1.

STOP CONVERSIONS
(See Figure 29.)

SDI = 0xD8  Write Halt Conversion

CHANNEL1  RESULT MEAN STD. DEV RESULT MEAN STD. DEV
vims | 06392936 0.0000000 0.0000000 Temperature 0.00 0.00 000
Ims 06045091 0.0000000 00000000 ez lFrmErEy 60.006 0.000 0.000
Active Pwr | 03864719 0.0000000 0.0000000
STATUS 0
Apparent Pwr 0.3864586 0.0000000 0.0000000 STATUS 1 Hex: | 801800
HEX: | C00000
Reactive Pwr | 00003226 0.0000000 0.0000000
izt . V2/Temp Modulator 0SC
Power Factor | 0.9999999 0.0000000 0.0000000 Conversion Ready @ e Modula
Watchdog Overlow V1 Modulator OSC
Vpeak | -0.9045053 0.0000000 0.0000000 MIPS o 12 Modulator 0SC
V2 Swell o 11 Modulator 0SC
Ipeak -0.8550715 0.0000000  0.0000000 o

Last DSP Command Excuted 18
CHANNEL2

Vims. 06390210 0.0000000 0.0000000
Ims 06044217 | 0.0000000 |  0.0000000
Active Pwr 03862513 | 0.0000000 |  0.0000000

STATUS 2  HEX 0

Qsum Sign
Apparent Pwr 03862381 0.0000000 0.0000000 Q2avg Sign

Qtavg Sign o
Reactive Pwr 00003819 | 0.0000000 |  0.0000000 Psum Sign

P2avg Si
Power Factor 09999999 0.0000000 0.0000000 2

Plavg Sign

Vpeak 0.9040735 0.0000000 0.0000000
Ipeak 08549631 0.0000000 00000000

I v .
Single Conversion

TOTAL E|

Active Pwr 0.0000000 0.0000000 0.0000000

1
Apparent Pwr | 0.0000000 0.0000000 0.0000000 = |
el e =
Reactive Pwr. 0.0000000 0.0000000 0.0000000

DATA LOG [ 006

Figure 29. Conversion Window

CLEAR DRDY in INTERRUPT STATUS

SDI= 0x80  0x57 OxFFFFFF Write INT STATUS DRDY (page 0, register 23)
SDO =0xFF  OxFF 0x800000 (Set DRDY INT)

SEND AC GAIN CALIBRATION

(See Figure 30.)

SDI = OxFE  Write Gain Calibration — All Channels
SDO =0xFF

Ha Calibration Window

System  CirrusTest Comnect Quit!

OFFSET CALIBRATION GAIN CALIBRATION
DC Offset Channel 1 Gain Channel 1

vot. o ['o.00o000 [T Vol 331078 | 0.9385052 Ex
Cur 4 o [v.ouooo’ [T cur. §1A7780 | 04135513 [l

DC Offset Channel 2

Volt. ﬁ'iu [ 0.0000000 m Gain Channel 2
Cur. ¥ o [o.ooo0000 TN veir. 3 31751 [ 0939231 [N
]

Channels
AC Offset Channel 1

curr. 3 o | o.0o00000 [N

AC Offset Channel 2

Curr % o [ o.0000000 [0
Active Power Offset

Ploff 2 0 | 0.0000000
P2off 3 0 | 0.0000000

Reactive Power Offset
eactive Fower e
Qloff 3 0| 0.0000000

Q2off 2 0 | 0.0000000

SCALE g 200000 | 0.2500000

Figure 30. Calibration Window
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@ CHECK STATUS OF DRDY
SDI = 0x80 0x17 OxFFFFFF Read INT STATUS DRDY (page 0, register 23)
SDO =0xFF  OxFF 0Ox4XXXXX (DRDY not Set)
gERTDZ SDI = 0x80 0x17 OxFFFFFF Read INT STATUS DRDY (page 0, register 23)
' NO SDO =0xFF OXFF OxCXXXXX (DRDY Set)
YES
READ POWER REGISTERS
(See Figure 31.)
SDI = 0x90 0x06 OxFFFFFF Read I1RMS (page 16, register 6)
SDO =0xFF  OxFF 0x40081D (0.2501238)
SDI= 0x90 0x0C OxFFFFFF Read I2RMS (page 16, register 12)
SDO =0xFF OxFF 0x40086D (0.2501286)
SDI = 0x90 0x07 OxFFFFFF Read VIRMS (page 16, register 7)
SDO =0xFF  OxFF 0x99ACE6 (0.6002945)
SDI = 0x90 0x0D OxFFFFFF Read V2RMS (page 16, register 13)
SDO =0xFF  OxFF O0x99ADA6 (0.600306)
VF;{E“;\g 5\“\"/% SDI = 0x90 0x05 OxFFFFFF Read P1AVG (page 16, register 5)
PSUM, QSUM, SDO =0xFF  OxFF 0x133936 (0.1501835)
Ssum SDI= 0x90 0xOB OxFFFFFF Read P2AVG  (page 16, register 11)
SDO =0xFF  OxFF 0x133966 (0.1501892)
SDI = 0x90 0x1D OxFFFFFF Read PSUM (page 16, register 29)
SDO =0xFF  OxFF 0x266DFD (0.3002316)
SDI = 0x90 Ox1E OxFFFFFF Read QSUM (page 16, register 30)
SDO =0xFF  OxFF 0x000616 (0.0001857)
SDI= 0x90 Ox1F OxFFFFFF Read SSUM (page 16, register 31)
SDO =0xFF  OxFF 0x266E40 (0.3002396)
CHANNEL1 RESULT MEAN STD. DEV RESULT MEAN STD. DEV
Vrms | 06002945 | 0.0000000 |  0.0000000 Temperature 0.00 0.00 0.00
| ozs01238 | o.ooooooo | o.0000000 Ut (Fraeesy 60.006 0.000 0.000
Active 0.1501834 0.0000000 0.0000000 STATUS 0
ApparentPwr | 01501477 | 0.0000000 0.0000000 . NEED STATUS 1 uex: | 801800
Reactive Pwr | 0.0000978 | 0.0000000 0.0000000 o oo Moo et
e 2 e
Ipeak | 03538327 0.0000000 0.0000000 11 Mordultor 05
—— Vet 51 Commar Escuia! Y
SCALE = 0251 Therefore RZ::::: Pw: 0.0001197 0.0000000 0.0000000
IRMS = 0.25 after calibration Power Factor 09999939 0.0000000 0.0000000 kRDM e
EE=aG? Vpeak -0.8493738 0.0000000 0.0000000 (R (BN s
|RMS: SCALE(OS)') NO— Ipeak -0.3538415 0.0000000 0.0000000 S
TOTAL o BE 1
YES Active Pwr 0.3002316 0.0000000 0.0000000 p— [_Standby Mode |
T o v v || e |
Figure 31. Conversion Window
NI, s PROPER CALIBRATION RESULTS? o
NO FAIL PC/Controller should test for proper calibration results.
YES
PERFORM
S Lo PERFORM NO LOAD COMPENSATION
& READ PAVG No Load Offset Compensation Flow Diagram on page 47

!
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PERFORM
AC OFFSET

& READ IRMS

SampleCount =
4,000

READ VGAIN,
IGAIN, IACOFF,
POFF, QOFF

®

PERFORM AC OFFSET AND READ IRMS
Note: AC offset is only required when IRMS measurements are needed with high dynamic range
(only helpful at very low input levels).AC Offset Calibration Flow Diagram on page 44

SET SAMPLE

COUNT

(See Figure 32.)

SDI= 0x90 O0x73  Ox000FAO Write SampleCount (page 16, register 51)
SDO = OxFF OxFF  OxFFFFFF (4000)
SDI= 0x90 O0x33 OxFFFFFF Read SampleCount (page 16, register 51)
SDO = OxFF OxFF  0OxO00FAQ (4000)
T =
System  CirrusTest Connect  Quit!
Config 0 Register Config 2 Register ¥1 Sag Register Ho Load threshold Mask Register
HEX: g 400000 HEK:% 50258 V1SagLEVEL 0.0000000 Decimal = 0.0000000 HEX: g o
TSEL (iTh HEx: 3 o )

INT_POL
12_PGA

icPU oriw|  POS | Disable¥]
CPUCLK_ON ow|  TsG Disable ¥
V2_CAP Voltage ¥ APCM Iims * Vims ¥

Low ¥ ZX_LPF Disable ¥

108 ¥ AVG_MODE |ADC Samples ¥

11_PGA 108 ¥ REG_CSUM On ¥
ND_DSC 05C Enabled ¥ AFC Onv
|IZX Channel ¥

_ — 12FLT HPF ¥
VZX Channel V1w

V2FLT HPF ¥

Config 1 Register 1FLT HpF

r Data Ready
SELAE Conversion Ready
HEX: ;’ Q N Watchdag Dverflow
................. a ooy (e
V2 Say Register r V1 Swell
r P2 Dverl
V2SaglEVEL | 0.0nooopn | C¥eleCeunt 100 r b
HEX: % 0 Integrator Gain r 12 Overflow
i r 1 Overfolw
V25agDUR 3 0 Decimal | 0.1580000 r V2 Overflow
HEX: i HEX: 143958 r V1 Overflow
E E r 12 Overcurrenl t
i 3 - r 1 Overcurrent
V1 Swell Registers System Gain r V2 Sag
V1SwellEVEL | 0.9999999 Decimal | 1 2500000 r V1 Sag

Figure 32. Setup Window

READ POWER REGISTERS
(See Figure 33.)

Gain Calibration, Channels 1 and 2, Voltage

SDI=  0x90
SDO = OxFF
SDI= 0x90
SDO = OxFF

0x23 OxFFFFFF
OxFF 0x3C1078
0x2A OxFFFFFF
OxFF 0x3C1751

Read V1GAIN (page 16, register 35)
(0.9385054)
Read V2GAIN (page 16, register 42)
(0.9389233)

Gain Calibration, Channels 1 and 2, Current

SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

0x21 OxFFFFFF
OxFF Ox1A77A0
0x28 OxFFFFFF
OxFF 0x1A78C4

Read 11GAIN (page 16, register 33)
(0.4135514)

Read 12GAIN (page 16, register 40)
(0.413621)

Offset Calibration, Channels 1 and 2, Current

SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

0x25 OxFFFFFF
OxFF 0x000000
0x2C OxFFFFFF
OxFF 0x000000

Read IMACOFF (page 16, register 37)
(0)
Read I2ACOFF (page 16, register 44)
(0)

Offset Calibration, Channels 1 and 2, Active Power Offset

SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

0x24 OxFFFFFF
0xFF  0x000000
0x2B  OXFFFFFF
OxFF  0x000000

Read P1OFF (page 16, register 36)
(0)
Read P20OFF (page 16, register 43)
(0)

Offset Calibration, Channels 1 and 2, Reactive Power Offset

SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF

0x26 OxFFFFFF
OxFF 0x000000
0x2D OxFFFFFF
OxFF 0x000000

Read Q10FF (page 16, register 38)
(0)
Read Q20FF (page 16, register 45)
(0)

AN366REV2
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FULL LOAD
AVAILABLE ?

YES

NO

SET SCALE REGISTER

CIRRUS LOGIC’

I Calibration Window

Systemn  CirrusTest  Connect  Quik!

OFFSET CALIBRATION
DC Offset Channel 1

voi. 3 0 | 0.0000000
Curr. 3 0 | 0.0000000

DC Offset Channel 2

Voit. 3 0 | 00000000
Curr. 3 0 | o.0000000

AC Offset Channel 1

cur. 4 50704 | 0.0392766

AC Offset Channel 2

cur. 2 49559 | 0.0359298
Calibrate All Channels

/e | 0.0000004
P2 Offset 2 1 | c.o000001

Q1 offset 3 2 | 0.0000002
Q2 Dffset §|—2 | 0.0000002

GAIN CALIBRATION

Gain Channel 1
voir 3 401BE3 | 10017021
cun. 3 30420 | 09416580
Gain Channel 2
voit. 2 203786 | 1.0034003
cun. 3 3C465F | 09417951

Calibrate All Channels

SCALE §4CCI:CC 0.5999999

Refresh Scieen

Figure 33. Calibration Window

CHECK IF FULL LOAD IS AVAILABLE

AN366

PC/Controller knows if full load or partial load set. The following step is not require if full

load is used.

(See Figure 34.)

SDI = 0x92 0x7F 0x4CCCCC
SDO =0xFF  OxFF OxFFFFFF
SDI = 0x92 0x3F OxFFFFFF
SDO =0xFF  OxFF 0x4CCCCC

Calibration Window

System CirrusTest Comnect Quit!

Write Scale 0.6

Read Scale 0.6

OFFSET CALIBRATION
DC Offset Channel 1
iy [ 00000000 m
cur 50 0000000 [T
DC Offset Channel 2
vor 3o | oooooooo [
cur &0 0000000 [T

AC Offset Channel 1

cur. § 0 coooooco [T

AC Offset Channel 2

Curr. 4 o | 0.0000000 [T

Active Power Offset

Ploff gy—u [ 0.0000000

P2oif 2 0 [ 0.0000000
Reactive Power Offset

auit§ 0 0.0000000

Qitd 0 0.0000000

GAIN CALIBRATION
Gain Channel 1

voi 431073 [ oszss0s2 [T

P IR e |
Gain Channel 2

votr 4 3C1751 | a9sasent [l

e 3§ 04 | 5475500 [N

SCALE gdCCCCC 0.5999999

Figure 34. Calibration Window

38

AN366REV2



CIRRUS LOGIC’

AN366

COMPUTE
CALIBRATED

®

REGISTER
CHECKSUM

STORE
CALIBRATION
CONSTANTS&
CHECKSUM

CALIBRATION
COMPLETE

COMPUTE CALIBRATED REGISTER CHECKSUM
The register checksum is computed each time a conversion is completed (Single or Con-
tinuous). If no register have changed the user needs only read the checksum register after
prior conversion. But if a register has been updated (Scale for example) then the user must
perform another conversion before the read (see Figure 35).

If register(s) changed since conversion (SCALE changed), then perform single conversion
first, then read checksum:

SDI= 0xD4
SDO = OxFF
SDI= 0x90 0x01 OxFFFFFF
SDO = OxFF OxFF O0xF40578

Systen  CrrusTest

B Setup Window

Single Conversion Command (Optional)

Read Checksum (Page 16,

Register 1)

B3 Conversion Window
Systen CTest Comest Qut

CHANNEL1 REsuu
vims [ 0.6384026

Config 0 Register

Config 1 Register

HEX: 3 EEEE
EPG4 Off ¥
EPG3 off v
EPG2 Off ¥
EPG1 o v
D04 0D No
00300 No
DO2_0D No ¥
Do1.0D No
DOMODE | OFF (4-2) ¥
DO3MODE OFF (H-Z) |
DOMODE | OFF (Hi2) ¥
DOTMODE | OFF (H:2)

Bulse Control Register

wex d 0

EPGA Inpudt Plavg 7]
EPG3 lnput Plavg ¥]
EPG2 Input Plavg 7|
EPGT Input Plavg 7]

HEX] grm
TSEL Off ¥
iCPU Off v
CPUCLK_ON off v
V2_CAP Voltage ¥
INT_POL Low ¥
12_PGA 0 v
11_PGA 10 ¥
NO_OSC OSC Enabled ¥
12X Channel o

VZX Channel viw|

RESULT MEAN STD. DEV
0.00 0.00 000
o000 | 0,000

STATUS 1 wex: [801800
HEX:
V2/Temp Modulator OSC @
POS v;mg:: Qo
12 Modutator o
56 11 Modkdator 0SC >
APCM
— Last DSP Command Excutod L]
AVG_MODE
REG_CSUM
- STATUS 2 HEX o
LT Qmm Sion o
v2rLT Q2avg Sion 1
Qlav Sion >
nRLT Prum Sign o
— Chacksum ‘Sesl 2
U Powor Factor | 09996300 | 0.0000000 | 0.0000000 e e ey >
it Vpeak | 09235382 | 00000000 | 0.0000000 RX(SDI) Timeout
= | Ipeak | 08601513 | 00000000 | 0.0000000
Ehaze § SamplearnAvulBgﬂ
HEX: 3
E TOTAL B o e
Active Pwr | | 00000000 |  0.0000000
crecz | = DATALOG I 0w
cpccl Apparent Pwr || [ 00000000 | 00000000 _
FPCC2 gll Reactive Pwr | 00000000 | 0.0000000 0.0000000
Frcct 3
TR L i T
Pulse Widih Register OverlEVEL | 09999999 | Toff HEX 3  D886FA Boud Rate 600 ¥
z - Hex 4 7FFRRF T
Hex: 3 1 3 Toan HEX: 5 6EABS
1OverDUR 3 0
Puise Freq Range 3 Crystal [4.096000 MHz
0.238 - 2 kHz ¥ HEx: 3 o Zero-erossing Level
PulseWidth | 0.266 s 12 Overcurrent R = 'd_( ——
HEX 3 100000
[ T
HEX: 5'7 HEX: i TFFFFF ister Chacksum
120verDUR 3 E{ HEX: F40578 Reset DUT
FulseRate | 2000.00000 Hz [ —

Figure 35. Setup Window and Conversion Window

STORE CALIBRATION CONSTANTS & CHECKSUM
Write to MCU Flash all the calibration constants and checksum.

AN366REV2

39



—l
——
—

——= CIRRUS LOGIC’

6.2.1 Phase Compensation Flow Diagram

The following flow diagram shows the implemented of phase compensation using the CDB5484U and a PC
as the controller. The MTE Meter Test Equipment source is used to provide the source voltage and load current
with a 60° phase shift (PF = 0.5). Each step of the flow shows the CDB5484 GUI screen capture of execution
and reading results. The register writes and reads are all identified for easy compares to the GUI screen.

FROM MAIN
FLOW

A4

APPLY VOLTAGE
TO SOURCE &
60° LAGGING
LOAD
PF=0.5

Tsettle =
2000ms

SampleCount

(N) = 16,000

START
CONTINUOUS
CONVERSION

0xD5

APPLY VOLTAGE AND 60* LAGGING LOAD TO SOURCE
(See Figure 36.)

AN366

Ul=0%¥ Il=0H

cue i 2:0¥  I2:0R
: L 0V 12400

FFF:uRIS#‘l:IQBOSI 2 0 PF af%ﬂqg% 1 0 . Seduence | DethEass
' j [UmaxLN|300.88 V [UmaxLL| 52080 V |[Imax | 768,868 A
1 Li [ Lz Ls
Ui [—— Vi'IU: —————— V1 [JU: 240000 V
I —— Al |-—— Al 40.0000 A
[T o le:  [-—- ° lile: 60.00 °
by |~ o Mlloh, |— ° ‘[(ob-; 000 °
[f 5000 Hz
Uil UZH U3E |1H I2H I3H
Voltage

Current

HBa:1H:24
1 [|14.86.2682

Figure 36. Meter Test Equipment
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STOP
CONVERSIONS

0xD8

READ PF

A4

CALCULATE
PHASE
OFFSET =
arccos(PF)-60°

w 0.010547 @ 60Hz

RESOLUTION
MULTIPLIER
0.008789 (50Hz)

STOP CONVERSIONS
(See Figure 37.)

SDI= 0x90  0x15
SDO =0xFF  OxFF
SDI= 0x90  0x19
SDO =0xFF  OxFF

For 1 to Count {

OxFFFFFF
0x410F40
OXFFFFFF
0x4106A8

Read PF1
(0.508278)
Read PF2
(0.5080157)

PF1SUM = PF1SUM + PF1
PF2SUM = PF2SUM + PF2}

System CrmusTest Connect Quitl

Conversion Window EEX

—_— V1 Overllow
Ims | 0600035071 | 0600001472 | 0.000025513 12 Overcunent
11 Overcunent
Active Pwr | 0182806015 | 0.182867944 | 0.000063296 V2 Sag '
Apparent Pwr | 0.359843254 | 0.359933782 | 0.000039608 Temperature Updated

Reactive Pwr | 0.310572624 | 0310321665 | 0.000138167 el

Checksum Error on Serial Port

[oms e | Wotireess wmesve vomains |
Vpeak 0.848868370 0.679239941 0.509425741

Ipeak | -0. 848467827 | -0.169713235 0.831666126
TOTAL

Active Pwr | 0.365375400 | 0329247975 | 0109749397

ApparentPwr | 0.719601154 | 0647885633 | 0.215961892

Reactive Pwr | 0620570898 | 0558480740 | 0.186160361

RX (SDI] Timeout

CHANNEL1  RESULT MEAN STD. DEV RESULT MEAN STD. DEV
vrms | 0599721843 | 0599904186 | 0.000041003 Temperature | 000 | g
Ims | 0.600036502 | 0.600001496 | 0.000025459 s sy | 50055 | 50016 | 0.025
Active Pwr | 0182906389 | 0182967758 | 0.000063117
STATUS O STATUS 1 Hex: | 01800
Apparent Pwr | 0350854937 | 0.359943247 | 0.000039378 gy
S—————— Digital Clock Enabled °
Reactive Pwr | 0.310526278 | 0310273647 | 0.000137834 S e DP Hak >
— Conversion Ready V2ms Overflow o
Power Factor | 0.508277893 | 0508323789 | 0.000120058 e ML Ta b
= = e MIPS 12ms Overtiow o
Vpeak | 0.849110365 | -0.339652777 | 0.778164304 e 2ms Ouertiow 4
Ipeak | 0.848462582 | -0679001617 | 0509312514 YL Such e Uik OEE 2
P2 Overflow V1 odulator 05C o
P1 Overflow 12 Modulator 0SC o
CHANNEL 2 :3 g“'::‘“" 1 Modulator 0SC >
Vims | 0599703789 | 0599888432 | 0.000041263 R e Last DSP Command Excuted | 18

STATUS 2 HEX: 0

Qsum Sign

Plavg Sign

STOP
[ sror | —
o] IENN e

DATA LOG [ gwot

N N | icve L |

Figure 37. Conversion Window

PF1AVG = PF1SUM + Count
PF2AVG = PF1SUM + Count

PHASE1_OFFSET = ARCCOS(0.5083238) - 60°
PHASE2_OFFSET = ARCCOS(0.5085984) - 60°

-0.55224327
-0.57051489

Use this constant stored from PC/Controller memory in following calculations.

(page 16, register 21)

(page 16, register 25)

AN366REV2
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PHASE OFFSET
PC/Controller test for phase calibration range meet or fail meter. This example shows neg-
ative phase offset.

8.99° @ 50Hz
10.79° @ 60Hz

+10.79° @ 60Hz

8.99° <
PHASE OFFSET 4.5° @ 50Hz
<+8.99° ? (50Hz)

5.4° @ 60Hz

FAIL
METER

PHASE OFFSET
NEGATIVE?

YES

Example Location

-45° @ 50Hz
-5.4° @ 60Hz

8.99° @ 50Hz
410.79° @ 60Hz

Figure 38. Negative Phase Offset

010512 - 0.010547 @ 60Hz PHASE OFFSET

12 - 0.008789 PC/Controller test for coarse phase calibration range.
PHASE OFFSET
<0 (50Hz)

?

When > 1 OWR, PC/Controller calculates Coarse Compensation

CPCC1=0
CPCC2=0
SET COARSE PC/Controller calculates Fine Compensation
chg;ggiﬁ;?" FPCC1 =-(-0.55224327) / 0.008789 @ 50Hz = 62,
10WRonl FPCC2 =-(-0.57051489) / 0.008789 @ 50Hz = 64,
y 54°@60Hz
PHASE OFFSET + CPCC1=0, FPCC1 = 62, CPCC2=0, FPCC2 = 64
e SDI= 0x80 0x45 0x007C40 Write Phase Comp  (page 0, register 69)
SDO = O0xFF OxFF OxFFFFFF
0.010547 @ 60Hz . .
v SDI = 0x80 0x05 OxFFFFFF Write Phase Comp (page 0, register 69)
FINE SDO =0xFF  OxFF 0x007C40
COMPENSATION
(FPCC) =-PHASE |«
OFFSET -+
0.008789 (50Hz)
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(See Figure 39.)

v SDI= 0x90 O0x15 OxFFFFFF
A oD SDO =0xFF  OxFF 0x410F40
CONFIRM PF= 05 SDI = 0x90 0x19 OxFFFFFF

SDO =0xFF  OxFF 0x4106A8

For 1 to Count {

PF1SUM = PF1SUM + PF1
PF2SUM = PF2SUM + PF2}
PF1AVG = PF1SUM + Count
PF2AVG = PF1SUM + Count

System CirusTest Cannect  Quit!

Read PF1

ACCUMULATE MULTIPLE PF READING AND CONFIRM

(0.508278)

Read PF2

(0.5080157)

(page 16, register 21)

(page 16, register 25)

GHANNEL1 RESULT MEAN

STD. DEV

Vrms | 0599918485 & 0599941033 |

0.000008646

Ims | 0.699929273 | 0598913085 |
Active Pwr | 0179803384 | 0.179307429
pp Pwr | 0.350308581 | 0.359912324
Reactive Pwr | 0.311957358 | 0311955261
Power Factor | 0.49860048
Vpeak | 0.848738432 = -0.169830632
Ipeak | -0.848872662  -0.339567423

CHANNEL2
vrms | 0.599895239 0.599917018

Ims | 0599927545 | 0599911368

Active Pwr | 0179894328 | 0179898930
Apparent Pwr | 0.359893560 | 0359896874
Reactive Pwr | 0311946154 | 0311942244

Power Factor | 0.499854088 | 0.489862313| |

Vpeak | 0848730803 | -0.169780850

Ipeak -0.848909378 -0.509301662
TOTAL

Active Pwr | 0.359820127 0.359805906

Apparent Pwr | 0719804525 | 0.719810319

Reactive Pwr | 0623889923 | 0623898292

0.000007955

0.000004450

. 0.000004601

0.000004313
0.000011661
0.831919800

0.777887133

0.000008583
0.000008245
0.000005271
0.000004543
0.000004404

0.000013011

. 0.831899846

0678994663

0.000009328
0.000009278

0.000009019

RESULT MEAN STD. DEV
Temperature oo | 0.00 0.00
Line Freqency 50.000 50.000 0.000

STATUS O
HEX: | CO0010

Data Ready
Conversion Ready
Watchdog Overflow
MIPS
V2 Swell
V1 Swell
P2 Overflow
P1 Overflow
12 Overtlow
11 Overflow
V2 Overflow
V1 Overflow
12 Dvercurrent
11 Overcurrent
v2Ssag
V1 Sag
Temperature Updated
Epsilon Updated
Invalid Command
Checksum Enror on Serial Port
ROM CRC Error
R (SDI) Timeout

STATUS 1 Hex: | 801800

Digital Clock Enabled
DSP Halt
V2ims Overflow
V¥lims Overflow
12rms Overflow
1ms Dverflow
V2/Temp Modulator 05T

V1 Modulator 05C

12 Modulator 0SC

11 Modulator 0SC

Last DSP Command Excuted 18

000000000

STATUS 2 HEx: 0

@sum Sign
Q2avg Sign
Qlavg Sign
Psum Sign
P2avg Sign
Plavg Sign

V000e0VVVVOVOOOOOVOVO®®

000000

STOP

S“ﬂmp'” Rlate L W i1 Conversion

Continuous Conversion

DATA LOG 1~ pn/oit

10

—
Filename

h 4
( PHASE COMPENSATION COMPLETE )

(RETURN CPCC& FPCC to MAIN)

Figure 39. Conversion Window
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6.2.2 AC Offset Calibration Flow Diagram

The following flow diagram shows the implemented of AC offset calibration using the CDB5484U and a PC
as the controller. The MTE Meter Test Equipment source is used to provide the source voltage and no load
current. Each step of the flow shows the CDB5484 GUI screen capture of execution and reading results.
The register writes and reads are all identified for easy compares to the GUI screen.

REMOVE LOAD CURRENT
(See Figure 40.)

FROM MAIN
FLOW

e 003 Q) ..FPs403 OI Sequence | Data Base
V|| limarini (30008 V [Umaril 52608 V [imax | 6668 A
v g Li : Lz Ls
REMOVE e T —— vilju: |- VU 240000 vV
LOAD CURRENT [-’ X |
Hih... AW, [ —— | AL 0.0 A
|
Ulef |le:  —— o ez [—— ©° ||fe: 0.00 °
+ ==
: jeb: |[—— ° |Meb, |[-—-- ° llleb: 0.00 °
i i If 5000 Hz
U1m UZE U3W NG 120 138
7
1'.!(!'::
Umax i
Imax 8
- ~150Y
i REED)
- § Py ULeeEY s 400f 1=1.0s  [ikby bR m[258MB || @\:11:41
Sompecount BR= L ey, i | = — BN 201, 120 m | 1.4.06.2002

|

N = 16000

CLEAR DRDY in INTERRUPT STATUS
SDI= 0x80  0x57 OxFFFFFF
SDO =0xFF  OxFF 0x800000

CLEAR DRDY

Figure 40. Meter Test Equipment

Write INT STATUS DRDY
(Set DRDY INT) (page 0, register 23)
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I

SEND AC
OFFSET
CALIBRATION
OxF6

DRDY
SET ? NO

YES

SEND AC OFFSET CALIBRATION
(See Figure 41.)

SDI = OxF6 Write AC Offset Calibration — All Channels
SDO =0xFF

Calibration Window

System  CirrusTest Connect  Quitl

OFFSET CALIBRATION GAIN CALIBRATION
DC Oftset Channel 1 Gain Channel 1
vor. ¥ o | o.0000000 von, & 401823 | 10017021
cur g 0 [ o.0000000 B e

DC Offset Channel 2

vou. 3 0 | 0.0000000 (Etin @iewne] 2
cur 30 | 0000000 voit. 3 403786 | 1.0034003

Calibrate All Channels (Cuis ﬂ 3ICA465F | 0.9417951

Calibrate All Channels

AC Offset Channel 1

Curr. 3 o | 0.0000000

AC Offset Channel 2

s 0| 0.0000000

‘ Calibrate All Channels ’

Flofset 3 0 | 0.0000000
P2 0ffset 3 o | 0.0000000

Q1 Difsst g’iﬂ 0.0000000 Refresh Screen

02 Offset 3 o | 0.0000000

SCALE gl[:[:[:[:[: 0.5999999

Figure 41. Calibration Window

DRDY SET?
SDI = 0x80 0x17 OxFFFFFFRead INT STATUS DRDY (page 0, register 23)
SDO =0xFF OxFF 0x4XXXXX (DRDY not Set)

SDI = 0x80 0x17 OxFFFFFFRead INT STATUS DRDY (page 0, register 23)
SDO =0xFF 0xFF OxCXXXXX (DRDY Set)
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A 4

READ IRMS,
IACOFF
b 4
IACOFF = 0?
YES
NO
A 4 A 4
RETURN CHECK
IACOFF INPUT
to OR
MAIN FLOW FAIL

AC OFFSET
CALIBRATION
COMPLETE

READ POWER REGISTERS

Reading IRMS is shown in main flow (see Figure 42).

SDI = 0x90 0x25 OxFFFFFF Read IMACOFF (page 16, register 37)
SDO =0xFF  OxFF 0x050704 (0.0392766)
SDI= 0x90 0x2C OxFFFFFF Read I2ACOFF (page 16, register 44)
SDO =0xFF  OxFF 0x049959 (0.0359298)

Calibration Window

Systern CirrusTest  Connect  Quit!

CEX

OFFSET CALIBRATION

DC Offset Channel 1
Volt. 0 | 0.0000000 Cal vV
4o [oonoom [T

Curr. g,—ﬂ ,m

DC Offset Channel 2

Voit. 3 o | 0.0000000
curr. 3 o | 0.0000000

AC Offset Channel 1

cun. 3 50704 | 0.0392768

AC Oftset Channel 2

curr. 2 49953 | 0.0359298

Calibrate All Channels

Plofset 3 0 | 0.0000000
P20fsets 0 | 0.0000000

atofset 3 0 | 0.0000000
Q20iset 3 0 [ 0.0000000

GAIN CALIBRATION

Gain Channel 1
volr 3i/401BE3 | 1.0017021
Cun. 4 364420 | 0.5416580
Gain Channel 2
Volt 3/ 403785 | 1.0034003
cun. 3 3caese | 0.9n17951 [N

Calibrate All Channels

SCALE §4CCCCC 0.5999999

Refresh Screen

Figure 42. Conversion Window
PC/Controller tests for change in IACOFF register to check for success.

6.2.3 DC Offset Calibration Flow Diagram

The implemented of DC offset calibration follows the same structure as AC offset except that the voltage
and current source are both zero. The high pass filters must not be enabled and instead of sending AC Cal-
ibration command (F6), the DC Calibration command is sent (E6). Refer to the main flow for reading the DC

offset registers.
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6.2.4 No Load Offset Compensation Flow Diagram

The following flow diagram shows the implemented of no load power offset compensation using the
CDB5484U and a PC as the controller. The MTE Meter Test Equipment source is used to provide the source
voltage and no load current. Each step of the flow shows the CDB5484 GUI screen capture of execution
and reading results. The register writes and reads are all identified for easy compares to the GUI screen.

FROM MAIN
FLOW

APPLY FULL
SCALE VOLTAGE
AND ZERO LOAD

CURRENT

TSETTLE = 2000
Sample Count
N = 16000

CLEAR DRDY

START
CONTINUOUS
CONVERT
0xD5

APPLY FULL SCALE VOLTAGE AND ZERO LOAD CURRENT
(See Figure 43.)

,PRS4003 ..PPS400 mz°| Sequence Data Base !
JIUmaxLN 00.06 |Umaxl.L 576.00 V |imax | 70.008 A
Lz
— Ur [——- V _]U —————— v |Ju 240.000 V
O |
... \ — ALl [——- Al 0.0 A
|
. o Wo: [-—— ©° e 0.00 °
|
: job: |———- ° |Mjeb, [=——— ° Jljebs | 000 °

Ui=B5Y  T1s40mH
1= 40mi
U2 260y 1= 40mA

Uim uZm U3m

11 1268 1368

0M:11:41
§14.68.2002

Figure 43. Meter Test Equipment
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ACCUMULATE MULTIPLE PAVG, QAVG READINGS
(See Figure 44.)
Channels 1 and 2, Active Power
SDI = 0x90 0x05 OxFFFFFF Read P1AVG (page 16, register 5)
SDO =0xFF  OxFF OxFFFFFC (-0.00000048)
SDI= 0x90 O0xOB OxFFFFFF Read P2AVG (page 16, register 11)
SDO =0xFF OxFF OxFFFFFF (-0.00000012)
Channels 1 and 2, Reactive Power
SDI= 0x90 OxOE OxFFFFFF Read Q1AVG (page 16, register 14)
SDO =0xFF OxFF OxFFFFFE (-0.00000024)
SDI= 0x90 O0x10 OxFFFFFF Read Q2AVG (page 16, register 16)
SDO =0xFF  OxFF OxFFFFFC (-0.00000048)
v
ACCUMULATE 3 —_
UITRLE Conversion Window =
PAVG, QAVG System  CirrusTest  Connect  Quit!
READINGS CHANNEL1  RESULT MEAN STD. DEV RESULT MEAN STD. DEV
Vrms | 0589852681 = 00599863356 | 0.000010269 Temperature 0.0 0.00 0.00
Irms | 0.000011384 | 0.000017341 | 0.000001373 Line Fregency 49,954 49395 0.020
[ Active Pwr [ -0.000000477 | -0.000000334 | 0000000237
STATUS O STATUS 1 Hex: | s01800
Apparent Pwr | 0.000006676 | 0.000010610 | 0.000000814
~ HEX: | Coo000 Digital Clock Enabled @
[Reactive Pwr | -0.000000236 | -0.000000286 | 0.000000208 | I ~ e 5
Power Factor | -0.071428776 | -0.031268954 | 0.023390476 \5::'::‘;2;"6?:::11 5 Sl e
Vpeak | 0.848900557  0.679137611 | 0509130935 e : :f::z g::::::: :
Ipeak | 0.000128984  -0.000072408  0.000148952 pype 2 L2/ cmn Mot ot 130 2
CHANNEL2 Pt > ot g
Vrms | 0589851847 | 0.589864423 | 0.000012192 L et £ Last DSP Command Excuted | 18,
Irms | 0000015974 | 0000019741 | 0.000001366 e 4
| Active Pwr | 0.000000119 | -0,000000095 u.uuuuuuza?l n u\}';',f:;”m “ STATUSZ e I
Apparent Pwr | 0000009537 | 0.000011730 | 0.000000811 T R G -
: avg Sign
|Reaclive Pwr | -0.000000477  -0.000000143  0.000000219 | e 2 %‘::"'“ﬂ;;!:‘" 2
Power Factor | -0.012500048 | -0.008388925 | 0019448392 Ch“k’;g,f'l':‘:gré:’;::ia' Part % ;2::: g:z: -
Vpeak | 08489053256 | 0.848798990 | 0.000142062 a0l innou, g
Ipeak | -0.000154018 -0.000008368 0.000159269
Samples to Average:
Active Pwr | -0.000000238 | -0.000000333 | 0.000000272 [ Standhy Made ]
0.000021696 | 0.000022316 | 0.000001179 ST A
Apparent Pwr .| B ¥
, - [ Povervp |
Reactive Pwr | -0.000000477 | -0.000000501 | 0.000000310 B (o
Figure 44. Conversion Window
) 4
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SET POFF AND QOFF
Negate PAVG and QAVG registers and store in POFF and QOFF respectively (see

Figure 44).
NEGATE SDI = 0x90
PAVG SDO =0xFF
&S oREN SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF
SDI = 0x90
SDO =0xFF
SDI = 0x90
NE;'ATE SDO = 0xFF
QAVG SDI = 0x90
® oF SDO = OxFF
A 4
RETURN
POFF
QOFF
MAINt(l’:LOW

POWER OFFSET
CALIBRATION
COMPLETE

0x64 OxFFFFFF Write P1OFF (page 16, register 36)
OxFF 0x000003 (3.57628E-07)
0x24 OxFFFFFF Read P10OFF (page 16, register 36)
OxFF 0x000003 (3.57628E-07)
0x6B OxFFFFFF Write P20OFF (page 16, register 43)
OxFF 0x000001 (1.19209E-07)
0x2B OxFFFFFF Read P20OFF (page 16, register 43)
OxFF 0x000001 (1.19209E-07)
0x66 OxFFFFFF Write P1OFF (page 16, register 38)
OxFF 0x000002 (2.38419E-07)
0x26 OxFFFFFF Read P1OFF (page 16, register 38)
OxFF 0x000002 (2.38419E-07)
0x6D OxFFFFFF Write P20OFF (page 16, register 45)
OxFF 0x000002 (2.38419E-07)
0x2D OxFFFFFF Read P20OFF (page 16, register 45)
OxFF 0x000002 (2.38419E-07)

I Calibration Window

System  CirrusTest  Conmect  Quit!

Bk

OFFSET CALIBRATION
DC Oftset Channel 1

Valt. 3 o | 0.0000000
Curr. 3 o | o.o000000

DC Oftset Channel 2

voit. 3 0 | 0.ooooooo
Curr. 3 0 | 0.ooooooo

AC Oftset Channel 1

Cun.ﬂ 50704 | 0.0392766

AC Offset Channel 2

cur. 3 49959 | 0.0359298
Calibrate All Channels

GAIN CALIBRATION

Gain Channel 1
Volt. 3/401BE3 | 1.0Mm7021
Curr. §lm lm
Gain Channel 2
voi. ] 403786 | 1.0034003
Curr. 3] 3C465F | 09017851

Calibrate All Channels

SCALE gdCCCCC 0.59999399

P Oifsct 2/MEMNE | 00000004
P20fsetd 1 | 0.0000001

Q1 Offset 3 2 | 0.ooo0002
Q2 Offset 3 2 | 0.ooooooz

Refresh Screen

Figure 45. Calibration Window
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Revision History

Revision Date Changes
REV1 APR 2012 Initial release.
REV 2 MAY 2012 Corrected typographical errors.

Contacting Cirrus Logic Support
For all product questions and inquiries contact a Cirrus Logic Sales Representative.
To find one nearest you go to http://www.cirrus.com

IMPORTANT NOTICE

Cirrus Logic, Inc. and its subsidiaries ("Cirrus") believe that the information contained in this document is accurate and reliable. However, the information is subject
to change without notice and is provided "AS IS" without warranty of any kind (express or implied). Customers are advised to obtain the latest version of relevant
information to verify, before placing orders, that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale
supplied at the time of order acknowledgment, including those pertaining to warranty, indemnification, and limitation of liability. No responsibility is assumed by Cirrus
for the use of this information, including use of this information as the basis for manufacture or sale of any items, or for infringement of patents or other rights of third
parties. This document is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work rights,
copyrights, trademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated with the information contained herein and gives con-
sent for copies to be made of the information only for use within your organization with respect to Cirrus integrated circuits or other products of Cirrus. This consent
does not extend to other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROP-
ERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL APPLICATIONS"). CIRRUS PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED FOR USE
IN PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY OR SECURITY DEVICES, LIFE SUPPORT PRODUCTS OR OTHER CRIT-
ICAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER'S RISK AND CIR-
RUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TO ANY CIRRUS PRODUCT THAT IS USED IN SUCH A MANNER. IF THE CUSTOMER OR CUSTOM-
ER'S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL APPLICATIONS, CUSTOMER AGREES, BY SUCH USE, TO FULLY
INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING AT-
TORNEYS' FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION WITH THESE USES.

Cirrus Logic, Cirrus, and the Cirrus Logic logo designs are trademarks of Cirrus Logic, Inc. All other brand and product names in this document may be
trademarks or service marks of their respective owners.
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