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APPENDIX- I

DetailS OF  ATMEL TWO CHIP SOLUTION

Description

A two chip solution, consisting of AT73C500 and AT73C501/  AT73C502), offers all main features required for the measurement and calculation of various power and energy quantities in static Watt-hour meters. The devices operate according to IEC 1036 class 1 specification. IEC 687, class 0.5 and 0.2 requirements are fulfilled when used with external temperature compensated voltage reference.

The AT73C501 contains six, high-performance, Sigma-Delta analog-to-digital converters (ADC). The AT73C500 is an efficient digital signal processor (DSP) that supports interfacing both with the AT73C501 and with an external microprocessor. The AT73C500 can also be used with the differential input ADC, AT73C502. Figure shows the functional block diagram of the two-chip solution chipset in stand-alone configuration.


[image: image1.png]Block diagram of the AT73C500 chipset in stand-alone configuration
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With this chipset, only a minimum of discrete components is required to develop products ranging from simple domestic Watt-hour meters to sophisticated industrial meters. The chipset can be used in single-phase as well as in poly-phase systems. The AT73C500 is easy to configure. By changing the mode of the AT73C500, the device can be operated in a stand-alone environment or be used with a separate control processor. It is also possible to configure the circuit to perform the functions of three independent single-phase Wh meters. 

The chips support calibration of gain and phase error. All calibrations are done in the digital domain and no trimming components are needed. The calibration coefficients are either stored in an EEPROM memory or supplied by an external microprocessor. The AT73C500 is programmed to measure active, reactive and apparent phase powers. Phase factors, phase volt-ages, phase currents and line frequency are also measured, simultaneously. Based on the individual phase powers, total active power is determined. 

The power values are calculated over one-line frequency cycle. The negative and positive results are accumulated in different registers, which allows for separate billing of imported and exported active energy. Also, the reactive results are sorted depending on whether capacitive or inductive load is applied. 

Eight pulse outputs are provided. Each billing quantity (+Wh, -Wh, +VArh, -Varh) is supplied with its own meter constant output, as well as a display counter output. In multi-channel mode, AT73C500 performs the functions of three independent single-phase Wh meters and three impulse outputs are available, one for each meter element. 

All measurement information is available on an 8-bit microprocessor bus. The results are output in six packages, 16 bytes each. Mode and status information of the meter is also transferred with each data block.

AT73C501 and AT73C502

The AT73C501 consists of six, 16-bit analog-to-digital converters. The converters are equipped with single-ended inputs. For differential ended applications, the AT73C502 chip is used. The converters contain a reference voltage generator, voltage-monitoring block and serial output interface. Both converters are based on high-performance, over sampling Sigma-Delta modulators and digital decimation filters. 


[image: image2.png]Block diagram of the single-ended ADC chip, AT73C501
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In a 50 Hz meter, the nominal decimated sampling rate of 3200 Hz is used. This corresponds to 64 samples per each line frequency cycle. 60 Hz meters operate with 3840 Hz sample rate. The master clock frequency of the ADC is 1024 times higher than the above frequencies, i.e. 3.2768 MHz in 50 Hz meters and 3.93216 MHz in 60 Hz systems. The default meter constant of AT73C500 energy counters is based on the above sample rates. 

Other sample frequencies can be used, but the energy results have to be scaled accordingly. If higher sampling rate is selected, the meter constant will also be increased by the same ratio.

The three current inputs of AT73C501 are fed from secondary outputs of current transformers, from Hall sensors or other similar sensors. In differential ended applications, such as with current shunt resistors, the AT73C502 ADC can be used. On both of these converters, the voltage inputs must be equipped with simple external voltage dividers. 

The input voltage range of each converter is 2Vpp. The characteristics of a Watt-hour meter operating, according to IEC1036 specification, are based on a certain basic current, IB. As a default, the basic current of AT73C500 chipset is to 6.25% of the current input full-scale value. This means that if a meter is designed for IB = 5A rms, the full-scale range of the current channels will be 80 A rms. 

The following current transformer and voltage divider configuration is recommended for a 230V, 3-phase system, with 5A basic current: 

	
	Voltage Inputs
	Current Inputs

	Converter Full scale input
	2.0 V peak-peak
	2.0 V peak-peak

	Corresponding full scale line voltage / current
	270 V rms
	80 A rms


With the above settings, the nominal pulse rate of the meter constant outputs is 1250 impulses/kWh (1250 impulses / KVArh) and the rate of four display outputs 100 impulses/kWh (100 imp / kVArh). When used in a 5A transformer operated meter, the maximum current range can be scaled down to 8A for example. In this case, the meter constant will be ten times higher than in an 80A meter, i.e. 12500 impulses/kWh. Similarly, the starting current level will be transferred to 2 mA, from 20 mA. 

If the nominal voltage is chosen to be 120V, the voltage divider can either have the same configuration as in the 230V meter, or it can be modified to produce 2.0V pp with 140V phase voltage. In the latter case, the default meter constant will be roughly twice the constant of 230V meter, i.e. 2411 impulses/kWh. The meter constant can be scaled to an even number value by means of calibration.

As described above, the configuration of voltage dividers and current transformers affects to almost all parameters being metered, like energy counters and impulse outputs. A calibration coefficient is provided for the adjustment of the display pulse rates. With this coefficient, the effect of various voltage divider and current transformer configurations can be compensated. Care should be taken that the dynamic range of the A/D converters is always effectively utilized. 

Current and voltage samples of AT73C501 / AT73C502 are multiplexed and transferred to AT73C500 through a serial interface. AT73C501 / AT73C502 contain an internal band gap voltage reference. When used in class 0.5 and 0.2 meters, smaller temperature drift is required. This can be achieved by bypassing the internal reference and using temperature compensated external reference instead. The reference is selected with the BGD input (0: Internal, 1: External). 

There is an integrated voltage-monitoring block on the converter chip. The PFAIL output is forced high if the level of voltage supplied to VCIN input drops below 4.2V. There is a hysteresis in the monitoring function and PFAIL returns low if voltage at VCIN is raised back above 4.3V. PFAIL output of AT73C501 / AT73C502 can be connected to an interrupt input of AT73C500. AT73C500 detects the rising edge of PFAIL. To assure reliable power-down procedure after voltage break, the VCC supply of AT73C500 must be equipped with a 470 µF or larger capacitor.

AT73C500

AT73C500 performs power and energy calculations. It also controls the interfacing to the AT73C501 (or AT73C502) and to an external microprocessor. The block diagram of the DSP is presented below.

[image: image3.png]Figure 7. Block diagram of DSP software
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Operating Modes of AT73C500

The AT73C500 chipset has six operating modes. The mode is selected by three mode control inputs, which AT73C500 reads through a bus during the initialization procedure after a reset state. The operation of AT73C501/AT73C502 is independent of the mode selected. 

	Mode Number
	Mode Bit 2
	Mode Bit 1
	Mode Bit 0
	Operating Mode
	Calibration Data Storage

	0
	0
	0
	0
	Not in use
	----

	1
	0
	0
	1
	Normal operation
	EEPROM

	2
	0
	1
	0
	Multi-channel operation
	EEPROM

	3
	0
	1
	1
	Normal operation
	Microprocessor

	4
	1
	0
	0
	Multi-channel operation
	Microprocessor

	5
	1
	0
	1
	Test Mode
	None

	6
	1
	1
	0
	Not in use
	----

	7
	1
	1
	1
	Normal operation
	EEPROM


In operating mode 7, the default display pulse rate is 10 impulses per kWh, instead of 100 impulses per kWh, as in other modes.

Normal Measurement Mode

AT73C500 devices support both stand-alone and microprocessor configuration. The calibration coefficients can either be supplied by a processor or stored in an 128 x 8-bit EEPROM. The ROM is interfaced with AT73C500 via three pin serial bus. AT73C500 and the processor communicate through an 8-bit bus. 

The only operational difference between stand-alone and µP mode is the way of reading calibration coefficients. This allows various combinations of these two configurations to be utilized. For example, the calibration data can be stored in an EEPROM even though the processor reads and displays the measurement results supplied by AT73C500 device. 

In most cases, the use of external EEPROM gives flexibility to the meter testing and calibration, and also makes the processor interface easier to implement. Therefore, this configuration is recommended even in meters equipped with a separate microprocessor.

The same sequence of basic calculations is performed both in poly-phase and single-phase meters. This sequence consists of DC offset suppression, phase, gain and offset calibration, calculations of measurement quantities and data transfer to µP bus and pulse outputs. AT73C500 constantly monitors various tampering and fault situations, which are indicated by status bits. 

After a reset state, AT73C500 goes through an initialization sequence. The device reads the operating mode and fetches the calibration coefficients and adjustment factors for output pulse rate and starting current level, either from a non-volatile memory or from a microprocessor. After that the normal measurement starts. The reset state is normally activated by power-up reset following the recovery from a voltage interruption.

Multi-channel Mode

Modes 2 and 4 are reserved for multi-channel operation. In these modes, the chips operate like three independent single-phase meters and store the calculation results in separate registers phase-by-phase (meter-by-meter). The basic sequence of operation is otherwise similar to the normal mode.

Measurements and Calculations

The first operation performed by AT73C500 is digital high-pass filtering. The purpose of the filtering is to remove the DC offset of both current and voltage samples. From offset free samples, active power is calculated phase-by-phase with simple multiplication and addition operations. 

First, the current samples are multiplied by voltage samples. The multiplication results are summed over one line period and finally the sum value is divided by 64. This discrete time operation gives the average power of one 50 Hz period and the result corresponds to the following continuous time formula:

             N             T 

P   =   ( [1/T (  (AN x UN x Sin(n x (t) x AN x IN x Sin(n x (t + (N) dt ]
         n = 0        0

where

T = 1/50 Hz,

n = 1, 2, 3,..., 20 (basic 50 Hz frequency and the harmonics),

AN = frequency response of calculations.

This method of calculation does take into account the effect of harmonics. 

The total power is calculated by summing the power of each line phase. Reactive power calculation is based on a similar procedure. Before multiplying the current and voltage samples AT73C500 performs a frequency independent 90 degrees phase shift of the voltage signal. This is realized with a digital Hilbert transformation filter. The bandwidth of reactive power measurement is limited to 360 Hz. 

Based on the active and reactive results apparent power and power factors are determined. RMS phase voltages are calculated by squaring and summing the voltage samples and finally taking a square root of the results. Current is determined by dividing apparent power result by corresponding phase voltage. 

Frequency measurement is based on a comparison of the line frequency and AT73C500 sampling clock frequency. The measurement range is from 20 Hz to 350 Hz. All measurements and calculations, except frequency measurement, are made over 10 line cycle periods. The results are updated and transferred to processor bus once in 200 ms.

Output Operations

The data output by AT73C500 can be divided into three categories: data to external processor, status information and impulse outputs. AT73C500 reads mode information, and in mode 3 and 4, also calibration data via external bus. For the I/O operation, two 8-bit buses are allocated. 

The same eight data lines are reserved both for the impulse outputs and for the processor interface. The separation is done with two address pins. When communicating with the microprocessor, address 1 (pin ADDR1) is activated (high). Impulses are output combined with a high level of address 0 (ADDR0). For status information separate 8-bit bus is reserved. The table below describes the use of the two buses of AT73C500. 

For status and impulse outputs, external latches are needed to store the information while buses are used for other tasks. In most cases, the data bus of AT73C500 and processor I/O bus can be connected directly with each other. The data transfer is controlled by handshake signals, ADDR1, RD/WR, STROBE and BRDY. One of the status outputs DATRDY (B9, ADDR0) can be used as an interrupt signal. Interrupt can be also generated from the handshake lines.

In most meters, only some of the I/O operations of AT73C500 are needed. If a meter contains a separate processor, status outputs of AT73C500 are typically not used since the processor will anyway track the status information supplied by AT73C500. Often only one or two of the impulse outputs are wired to the test LED or electromechanical counter. 

Data Transfer to External Microprocessor

The calculation results of AT73C500 are transferred to processor via 8-bit parallel bus. During normal operation, the information transfer is divided into six packages, which are written in 200 ms intervals after the calculations over ten-line frequency cycles have been completed. There is a time interval of one line cycle between each individual data package. The first four bytes of a package contain synchronization, mode and status information, and the rest 12 bytes are reserved for the actual measurement results. 

Status Information

AT73C500 provides the following status information through the Status bus of AT73C500 (B8 - B15, ADDR0). High level of Lx flags indicates that a phase voltage is above 10% level of the full-scale voltage. If a voltage drop is detected, the corresponding status bit is written low. AT73C500 is continuously monitoring the voltage of each phase. 

FAIL flag signifies that something abnormal has been detected. The following situations may cause a high level of FAIL: read operation of calibration coefficients is not successful, the serial bus of AT73C501 or AT73C502 is not working properly, the measurement results can’t be transferred to microprocessor, AT73C500 has detected an internal failure. 

If any of the calibration coefficients and corresponding back-up values do not match, AT73C500 performs two extra read operations to eliminate the possibility of a transfer error. If the error still exists after the third trial, incorrect coefficients are replaced by the default values. FAIL flag is activated indicating that a potential error has been detected. FAIL is also taken high in case it is not possible to read calibration coefficients from the µP or EEPROM, or if the processor supplies too few coefficients. In both cases, the read operation will finish in a time-out situation. 

The voltage-monitoring block of AT73C501/AT73C502 is used to detect voltage interruptions before the supply voltage of AT73C500 drops. High level of PFAIL output at the ADC indicates a voltage break situation. The measurement results supplied by AT73C501/AT73C502 may be erroneous, and AT73C500 and microprocessor has to be prepared for supply voltage interruption. A high level of PFAIL causes an immediate write of data packages 3 and 4 (accumulated energy information) to processor bus. 

Transfer of billing information to processor following a PFAIL interrupt In case of an imminent voltage break, the microprocessor stores the energy values into a non-volatile memory. The devices can operate for a short period of time powered by an electrolytic capacitor or by battery back-up. AT73C500 devices are taken to a soft reset state and normal operation will be recovered after the supply voltage is high again. About one line cycle is needed to start normal measurements. During this initialization phase no calculations are performed.

STUP output (active high) indicates that the current of each of the three phases is below the specified starting level and no energy is accumulated. This status flag is very useful during the calibration of a meter since immediate feedback about staring current level is provided. 

TAMP flag informs about potential tampering. It is activated if one or more phase currents are zero or negative. Therefore it very effectively indicates current transformer reversal or short circuit.

 Impulse Outputs

AT73C500 provides eight impulse outputs, four meter constant outputs and four pulse outputs to drive electromechanical display counters which can register exported and imported active energy and capacitive and inductive reactive energy. These outputs use the same output lines as used for the processor interface. Impulses are combined with address 0 (ADDR0). 

An external register is needed to latch and buffer the pulses. The register can further drive both electromechanical   display counters and LEDs. In modes 1 to 4, the nominal pulse rate of display outputs is 100 imp / kWh or 100 imp / kVArh (U MAX = 270V, I MAX = 80A) and meter constant outputs 1250 imp/kWh (1250 imp / kVArh). The length of each display pulse is 117 ms when operated from 3.2678 MHz crystal. Meter constant pulse stays high for 20 ms.

If the devices are used in a 5A meter, current inputs can be scaled to 8A full-scale level. In this case, the nominal impulse rates are ten times higher than the above values. 

Calibration

The calibration coefficients always have to be loaded into AT73C500 registers after reset state. The coefficients are either read from an external EEPROM or supplied by a microprocessor via the 8-bit bus.

Loading of Calibration Coefficients

In modes 3 and 4, a microprocessor takes care that the coefficients are kept in a non-volatile memory during volt-age break. After the voltage break, the DSP first writes the four header bytes, Sync LS, Sync MS, mode and status information on the µP bus and then starts waiting for the calibration data. The processor reads the status and mode and after that writes the coefficients on the bus. 

Before using the µP bus, AT73C500 writes a short pulse (DATRDY) to B9 bit of the Status bus combined with high level of address 0 (ADDR0 output). This bit can be taken directly or through an external latch to the interrupt input of the processor. After writing the status and mode bytes, AT73C500 goes to a read mode and starts waiting for calibration coefficients from the µP. Processor supplies the coefficients as 8-bit bytes one after another. 

AT73C500 provides four handshaking signals, ADDR1, RD/WR, STROBE and BRDY, for interfacing with the microprocessor. Microprocessor can use the BRDY input of AT73C500 to extend the read and write cycles. AT73C500 stays in the read or write mode as long as BRDY is high. BRDY is sampled at the rising edge of AT73C500 master clock. As soon as BRDY goes low, the read/write cycle of AT73C500 will end at the first rising edge of CLK clock. During read operation data is latched into AT73C500 register on the rising edge of the STROBE signal following the low level of BRDY. 

Fifteen idle cycles are inserted by AT73C500 between the read operation of each calibration byte. This allows the processor to prepare the next coefficient for transfer or to raise the BRDY signal in case it is not ready to write the following byte. If the data is available, BRDY can be kept constantly low. Microprocessor has to always supply all 44-calibration bytes even though some of those may be zero and don't affect to measurement results.

If AT73C500 detects an error when comparing the calibration data and corresponding back-up values, it writes the DATRDY bit high and after that the header bytes on processor bus indicating that it is still in initialization routine and wishes to get the calibration data to be transported once again. If the error still exists after the third trial, AT73C500 notifies the situation by a FAIL status bit and starts normal operation, discarding potentially incorrect calibration coefficients.

If AT73C500 is programmed to mode 1 or 2, the coefficients are stored in an EEPROM of type AT93C46. The ROM has to support communication through a three pin serial I/O port. The serial ROM interface uses the same port, which also connects AT73C500 to AT73C501/AT73C502 sample output. During the initialization phase, the ADC interface has to be disabled. This can be done by B8 bit of AT73C500 Status bus (ADDR0). The output has to be latched by an external flip-flop to keep the state over the whole initialization period. The same output can be used as Chip Select input for the EEPROM.

AT73C500 reads, checks and stores automatically all 44-calibration coefficients. After that, B8 bit of Status byte is written low and normal measurement can start. If the EEPROM contains erroneous data and one or more coefficients don’t match with their back-up values, the same procedure is followed as in the processor mode. 
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