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INTRODUCCION.

En lo formacién profesional de los estudiantes de la carrera de Ingenieria Eléctrica, es de
gran relevancia contar con equipos de instrumentaciéon para la medicién de variables
eléctricas, como, por ejemplo: potencia, corriente, voltaje, etc. Los cuales permiten
corroborar de manera préctica los conocimientos desarrollados en las exposiciones
tedricas de las asignaturas relacionadas a los sistemas eléctricos de potencia.

Es por ello por lo que surge la necesidad de utilizar equipos para la medicién de energia
eléctrica, en bancos de pruebas de transformadores ubicados en el edificio de Potencia de
la Universidad de El Salvador.

El objetivo principal del presente documento es la elaboracién de un medidor de
variables eléctricas basado en el dispositivo de hardware libre muy popular en la fecha
denominado proyecto Arduino, el cual consiste en una placa electrénica que contiene un
microcontrolador de placa simple, el cual puede ser utilizado para una diversidad de
creativas soluciones.

El hecho que conlleva a la eleccion del uso del dispositivo Arduino, es la ventaja de que
este cuenta con un estdndar de comunicaciones denominado SPI}, lo cual nos genera el
punto de partida inicial para optar a la decisiéon de utilizar dicho dispositivo, ya que
existen muchos circuitos integrados de propésito especifico que utilizan dicho estandar
de comunicacién, ademads de la versatilidad para adquirir de una opcién entre diversas
pantallas LCD? para la presentaciéon de nuestros datos lo hace atin mds atractivo para
nuestro interés, o para nuestra caso la facil adquisicion de datos utilizando su software
libre, el cual est4 disponible tanto para plataforma Linux como Windows.

El desarrollo de este tipo de hardware libre; ha hecho hincapié en la comunidad
tecnologica, llegando a desarrollar diversidad de sensores lo cual esta creando un gran
auge en el drea de sistemas de automatizaciéon y control, asi como también en la
adquisicion de datos del cual nos sera de gran utilidad en el desarrollo de nuestro equipo
para medicién de energia.

1 Serial Peripheral Interface
2 Liquid Cristal Display.



OBJETIVOS.

Objetivo General:

Construir un sistema para la medicién de energia eléctrica de multiples bancos de
transformadores, utilizando hardware y software libre para reducir los costes de
desarrollo.

Objetivo especifico:

1.

Elaborar circuitos electrénicos que nos brinde soporte para el uso de
transformadores de nucleo abierto y divisores de voltaje o la fabricacion de
bobinas Rogowski, que nos facilite los requerimientos solicitados en las
especificaciones técnicas de entrada de sefiales para el dispositivo ADE7758.

Implementar con el uso de circuitos integrados medidores de energia, para el
cual utilizaremos el ADE7758 3 del fabricante Analog Devices®.

Obtener con el uso de Arduino la adquisicién de datos del circuito integrado
medidor de energia ADE7758, utilizando el estdindar de comunicacién SPIL.

Elegir el dispositivo de visualizacion y el entorno gréfico para la presentacion
de datos acorde a nuestro requerimiento de desarrollo, Raspbian sera nuestro
sistema operativo y el disefio de la interfaz grafica de usuario se efectuara
utilizando la libreria TkInter del interprete Python.

Desarrollar un sistema de multiplexado que nos ayude a disminuir cantidad
unitaria el uso del circuito integrado ADE7758, el cual nos permitira agregar 6
mediciones trifdsicas utilizando un dispositivo.

3 EI ADE7758 es un Cl de medicién de energia eléctrica trifasica de alta precision con una interfaz en serie y dos salidas de pulso.

4 Analog Devices es una multinacional estadounidense productora de dispositivos semiconductores. Analog Devices es especialista en ADCy

DAC, MEMS y DSP.


https://es.wikipedia.org/wiki/Semiconductor
https://es.wikipedia.org/wiki/Conversor_anal%C3%B3gico-digital
https://es.wikipedia.org/wiki/Conversi%C3%B3n_digital-anal%C3%B3gica
https://es.wikipedia.org/wiki/MEMS
https://es.wikipedia.org/wiki/DSP

1 MARCO TEORICO.

11  MEDICION DE POTENCIA ELECTRICA.

La medicién de la potencia eléctrica es la esencia del presente documento, para iniciarnos
en el recorrido de la elaboracién de un dispositivo para medir potencia eléctrica, es
importante tener claros los conceptos de potencia en los sistemas de corriente alterna, asi
como también cabe resaltar que los comportamientos de las cargas conectadas a nuestra
red eléctrica no interacttian de la misma manera, ya que esté restringido a la naturaleza
de la carga las cuales se mencionan a continuacion:

* (Carga Resistiva
* (Cargas Reactivas
* Cargas No Lineales.

1.1.1 CARGAS RESISITIVAS

Las cargas resistivas utilizan toda la energia brindada por la red eléctrica, su consumo de
corriente es igual al voltaje divido por su resistencia (Ley de Ohm), estos tipos de carga
son aquellas que producen calor, ademads, la corriente y el voltaje de suministro no
presentas desfase al ser medidos en la carga.

Ejemplos de cargas resistivas son las siguientes: Bombillos incandescentes, calentadores
de agua, cocinas eléctricas, etc.

Las formas de ondas de voltaje, corriente y potencia de una carga puramente resistiva la
podemos apreciar en la Figura 1.

Power p(t)
— Voltage v(t)
— Current i(t)

Figura 1. Formas de ondas de voltaje, corriente, potencia para una carga resistiva en una

red de corriente alterna.



Podemos observar de la Figura 1, la forma de onda en color amarillo la cual describe la
potencia en un instante dado, generalmente esta potencia se conoce como potencia
instantanea, la cual en una carga resistiva es igual al producto de el voltaje y la corriente
en tiempo determinado. Se verifica a partir de la forma de onda de potencia que es
positiva en cualquier instante de tiempo por lo que podemos determinar que el flujo de
energia es de la fuente a la carga.

1.1.2 CARGAS PARCIALMENTE REACTIVAS.

Existen ademads cargas que contienen como impedancia parte resistiva y parte reactiva,
la cual es el tipo mds comin en nuestro medio como, por ejemplo: refrigeradores,
lavadoras, taladros, compresores de aire, etc., estos aparatos consumen una cierta
cantidad de energia, luego liberan parte de dicha energia en la red. Estos tienen
componentes inductivos (por ejemplo, motores) o capacitivos (por ejemplo, soldadores
de arco®) ademas del componente resistivo. Una carga parcialmente inductiva
proporciona una salida de forma de onda de voltaje y corriente similar a la que se muestra
en la Figura 2.

Power p(t)
— Voltage v(t)
— Current i(t)

Figura 2. Formas de ondas de voltaje, corriente, potencia para una carga parcialmente

reactiva.

Es importante notar que en la Figura 2 la forma de onda de potencia instantdnea
representada por la curva color amarillo, tiene una regién negativa en un periodo de

5 Aveces llamada soldadura electrégena



tiempo, esto nos indica que hay una parte de energia que fluye de la carga a la fuente de
energia, ademdas podemos observar que la curva también tiene una region positiva en un
periodo de tiempo, y nos indica que la energia fluye a la carga para su consumo.

También podemos observar que las formas de onda de corriente y voltaje se han
desplazado (las formas de ondas no se encuentran en fase como en el caso de una carga
resistiva).

Consideremos la carga un condensador de una alta capacitancia (uF) con una resistencia
en serie (esto con el objetivo que el capacitor no pueda cargarse instantdneamente): para
empezar, el condensador se descarga. El voltaje de suministro aumenta, y es mas alto que
el voltaje en el condensador, por lo que la corriente fluye al condensador (la direccién
positiva en el grafico), lo que hace que el voltaje del capacitor se eleve. El voltaje de
suministro cae. Ahora, el voltaje a través del condensador cargado es mas alto que el
voltaje de suministro. La corriente comienza a fluir hacia atrds en la direcciéon del
suministro (la direccion negativa en el grafico). Esto hace que la forma de onda actual
parezca desplazada, como se muestra en el gréfico. (Esto se conoce como cambio de fase).

1.1.3 POTENCIA ELECTRICA.

Un punto importante para comprender sobre la mediciéon de consumo de energia es el de
conocer como se clasifica la potencia en los sistemas eléctricos, esta describe a
continuacion.

*

+» Potencia instantanea.

La potencia instantdnea absorbida por una carga es el producto de el voltaje instantaneo
v(t) en las terminales de la carga y la corriente instantanea i(t) a través de la carga esta se
mide en watts, basicamente la potencia instantdnea es la potencia absorbida por la carga
en un instante de tiempo especifico, de la Figura 1 y Figura 2 la potencia instantanea esté
representada por un punto de la curva de potencia (marcada en color amarillo).

p(t) = v(t)i(t), La potencia instancia es la potencia en cualquier instante de tiempo.
% Potencia Real.

Si observamos los graficos de voltaje, corriente y potencia de las cargas presentadas,
tenemos que, en la frecuencia de la red, el consumo de energia flucttia 50/60 ¢ veces por
segundo. No podemos seguir el ritmo del cambio a esta velocidad, por lo que tenemos
un valor més ttil para la potencia y este es el promedio de la potencia instantdnea, que

& En El Salvador, es a 60 Hz.



llamamos potencia real o activa, esta también se mide en watts. La potencia real se define
como la potencia utilizada por un dispositivo para producir un trabajo ttil.

++ Potencia reactiva.

La potencia reactiva es una medida de la potencia que se suministra y retorna entre la
carga y la fuente la cual no sirve para nada.

La potencia reactiva (y la energia reactiva) no es una potencia (energia) realmente
consumida en la instalacién, ya que no produce trabajo ttil debido a que su valor medio
es nulo. Aparece en una instalacién eléctrica en la que existen bobinas y/o capacitores, y
es necesaria para crear campos magnéticos y eléctricos en dichos componentes. Se
representa por Q y se mide en voltiamperios reactivos (VAr).

La compafia eléctrica mide la energia reactiva con el contador (kVArh) y si se superan
ciertos valores, incluye un término de penalizacién por reactiva en la factura eléctrica.



1.2  SENSORES DE CORRIENTE.

Son 4 los tipos de sensores de corriente. Estos se mencionan a continuacién y se
detallan en las siguientes secciones:

Transformador de corriente

Bobina Rogowski

Shunt de corriente de baja resistencia
Sensor de efecto Hall.

L\

1.2.1 TRANSFORMADOR DE CORRIENTE.

Un transformador es un dispositivo electromagnético, que permite disminuir o
aumentar la tensiéon de un circuito eléctrico, o pasar de corriente alterna a corriente
continua Los transformadores son dispositivos basados en el fenémeno de la inducciéon
electromagnética y estan constituidos, en su forma mas simple, por dos bobinas
devanadas sobre un nucleo cerrado. En un transformador ideal, la potencia que ingresa
al equipo es igual a la de salida. Pero en la realidad, siempre existird una pequefia
pérdida, dependiendo del tamafio o disefio, etc.

Entre 1884 y 1885, los ingenieros hiingaros Zipernowsky, Blathy y Deri de la
compafiia Ganz crearon en Budapest el modelo “ZBD” de transformador de corriente
alterna, basado en un disefio de Gaulard y Gibbs (Gaulard y Gibbs sélo disefiaron un
modelo de ntcleo abierto). Descubrieron la férmula matematica de los transformadores.”

Los transformadores de corriente cumplen un rol fundamental en la vida cotidiana
de las personas en general y de las empresas que hacen de la utilizacién de estos
dispositivos una parte fundamental del funcionamiento de la amplia gama de industrias
que existen en nuestro pais y en el mundo.

1.21.1 CARACTERISTICAS.

Los transformadores tienen la capacidad de transformar el voltaje y la corriente a
niveles mas altos o bajos. Estd construido superponiendo numerosas chapas de aleacion
acero-silicio, con el fin de reducir las pérdidas por histéresis magnética y aumentar la
resistividad del acero.

7 https://es.wikipedia.org/wiki/Transformador



No crean la energia a partir de la nada; por lo tanto, si un transformador aumenta
el voltaje de una sefial, reduce su corriente; y si reduce el voltaje de la sefial, eleva la
corriente. En otras palabras, la energia que fluye a través de un transformador no puede
ser superior a la energia que haya entrado en él.

1.2.1.2  APLICACIONES.

Para transportar corriente, los transformadores permiten llevar tensiones
elevadas, con baja intensidad para minimizar la pérdida de potencia ocasionada por la
resistencia de los conductores. Para circuitos electrénicos como los de radio, podemos
utilizar transformadores de impedancia.

En el uso cotidiano, la mayoria de los artefactos eléctricos que utilizamos,
requieren de un transformador para ajustar la corriente de la red a los requerimientos de
funcionamiento. Por ejemplo, los monitores de las computadoras, los aparatos
reproductores de CD, los teléfonos celulares, etc.

1.21.3 COMPONENTES.

Si bien es cierta la cantidad de transformadores de corriente disponibles hoy en
dia en el mercado son de una gran variedad y aplicaciones, todos presentan una columna
vertebral que es invariante. Puede que cambien en su forma de construccién del
transformador en si, pero todos cuentan con un ndcleo magnético elaborados
preferentemente con una aleacion de hierro - silicio (hierro preferentemente), el cual
constituye el circuito magnético cuya funcién principal es la de conducir el flujo
magnético. Luego nos vamos a encontrar con bobinados, los cuales estdn ensamblados
alrededor del nticleo magnético y sujetado a una estructura de soporte. Se encuentran
dos bobinas, la primaria la cual tiene por funcién crear un campo magnético con una
pérdida de energia muy pequefia y una bobina secundaria que aprovecha el flujo
magnético para producir una fuerza electromotriz. Estas bobinas pueden ser de alambre
delgado, grueso o barra y los materiales comtinmente utilizados son el cobre y aluminio.
Un punto importante de mencionar es la razén de transformacién entre la bobina
primaria y secundaria, que depende del nimero de vueltas que tenga cada uno, por lo
que puede ser elevador o reductor dependiendo del ntimero de espiras de cada bobina.
Todo esto se instala en una caja la cual puede estar fabricada en aluminio para la corrosién
o en plastico para el aislamiento.



Figura 3. Transformadores de corriente.

1.2.2 BOBINA ROGOWSKI.

La bobina Rogowski, llamada asi en honor a su inventor Walter Rogowski, es un
dispositivo electrénico, usado como transductor para medir corriente alterna (AC) o
pulsos rapidos de corriente. Esta consiste en una bobina uniformemente arrollada en un
nicleo de material no magnético de seccién transversal constante, distribuido en forma
de lazo cerrado. La forma mas simple es la de un toroide circular cerrado y rigido, o
abierto y flexible para que pueda cerrarse sobre si mismo y asi facilitar su montaje
alrededor de un conductor por el que circula la corriente a evaluar. La funcién de esta
bobina es aplicar la Ley de Ampere, la cual dice que la corriente que circula por un
conductor es proporcional a la integral de circulacién de la intensidad de campo
magnético alrededor de un camino cerrado que rodea a dicho conductor.

La idea anterior puede expresarse también diciendo que la bobina Rogowski, cuyo
principio de funcionamiento se conoce desde 1912, se basa en medir los cambios del
campo magnético que se produce alrededor de un hilo portador de corriente para
producir una sefial de voltaje, la cual es proporcional a la derivada de la corriente (di/dt),
para lo que se necesita un integrador que convierta apropiadamente la senal.



La tarea de crear un integrador que fuera estable y exacto durante la larga vida de

un medidor habia desalentado a los estudiosos de este rubro. Sin embargo, la reciente

implementacion digital del integrador tiene la promesa de convertir esta tecnologia en

una realidad para los medidores eléctricos (Ver Figura 4).
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Figura 4. Esquema de un Bobina Rogowski con integrador.
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Figura 5. Comportamiento de linealidad, efecto Rogowski.
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Figura 6. Bobina Rogowski Comercial, para medidores de calidad de energia Dranetz

Explorer.

Dentro de las grandes ventajas de utilizar la bobina Rogowski es que al poseer
nucleo de aire no presenta histéresis, saturacion o problemas de no linealidad (ver Figura
5). Ademas, posee una elevada capacidad para manejar altas corrientes, siendo el limite
superior tedrico de la bobina el voltaje de ruptura del mismo aire. Por dltimo, se destaca
que posee un bajo costo con respecto a otras tecnologias de sensores de corriente.

1.2.3 SHUNT DE CORRIENTE DE BAJA RESISTENCIA.

De los distintos tipos de sensores, los Shunt de corriente son los de menor valor,
ademads de ofrecer una lectura sencilla y con una buena precision. Este tipo de sensor es
la solucién mas utilizada (popular) para la medicién de corriente.

Cuando se realizan las mediciones de corriente con alta precisién, es necesario
tener en cuenta la inductancia del Shunt (relacion entre el flujo magnético y la intensidad
de corriente eléctrica, generalmente positiva) y aunque sélo a frecuencias relativamente
altas afecta la magnitud de la impedancia (medida que establece la relacién (cociente)
entre la tensién y la intensidad de corriente), ya que su efecto es suficiente para provocar
un error a un bajo factor de potencia. Por lo tanto, es importante seleccionar una
resistencia “Shunt” apropiada de sensor de corriente que debe tener un valor muy bajo

11



de resistencia para minimizar la disipaciéon de potencia, un valor bajo de inductancia y
una tolerancia razonablemente pequefia para mantener una precision global en el
circuito.

Por ejemplo, los Shunt que se utilizan en instrumentos portatiles o de laboratorio
estan preparados para una caida de tensiéon de 60 mV. Para instrumentos de tablero se
emplean los Shunt con caidas normalizadas de: 30, 45, 60, 100, 120, 150, 300 mV. Los Shunt
se clasifican, segin su exactitud, en cinco clases: 0.05, 0.1, 0.2, 0.5 y 1%. Cuando el
instrumento (mili voltimetro) se conecta con el Shunt mediante cables, su calibracién se
efecttia en conjunto con los cables. Los métodos de medicion se dividen en cuatro grupos
principales: métodos voltiamperimétricos (técnicos), métodos de cero (puentes), métodos
de deflexion y métodos de compensaciéon. Cada uno de estos métodos tiene su campo de
aplicacién que se rige por la precisién requerida, por el alcance de la magnitud medida y
por la disponibilidad del equipo.

Aunque es posible adquirir resistencias “Shunt” de sensor de corriente a
fabricantes como: IRC, Dale, Ultronix, Isotek, y K-tronics, que son s6lo algunos de los
proveedores que fabrican resistencias apropiadas para aplicaciones de sensor de
corriente, es también posible hacer una resistencia sensor utilizando diversos materiales

interesantes como el cobre o la manganina.

En la Figura 6 se muestran varios tipos de Shunt, que por lo general poseen cuatro
bornes, que es el nombre dado en electricidad a cada uno de los terminales de metal en
que suelen terminar algunas maquinas y aparatos eléctricos, y que se emplean para su
conexién a los hilos conductores, como también lo muestra la figura 5, que presenta una
resistencia Shunt sin su cuerpo protector. Esta geometria permite evitar errores causados
por la resistencia de contactos.
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Figura 7. Distintos tipos de Shunt.

1.2.4 EL SENSOR DE EFECTO HALL.

Para ilustrarse este tipo de sensores es necesario conocer primero el Efecto Hall, el
cual es una consecuencia de la fuerza que se ejerce sobre una carga eléctrica en
movimiento cuando se encuentra sometida a la accién de un campo eléctrico y un
campo magnético. En 1879 el fisico E. Hall descubrié que cuando un conductor sobre el
que circulaba corriente era colocado en un campo magnético de direccién perpendicular
a la misma, podia medirse una pequeia diferencia de potencial en la direccion
perpendicular a la corriente y al campo.

El sensor de efecto Hall sirve para la medicién de campos magnéticos o corrientes,
o para la determinacién de la posicion.

Su funcién sigue unos pasos en donde si fluye corriente por un sensor Hall y se
aproxima a un campo magnético que fluye en direcciéon vertical al sensor, entonces el
sensor crea un voltaje saliente proporcional al producto de la fuerza del campo magnético
y de la corriente. Si se conoce el valor de la corriente, entonces se puede calcular la fuerza
del campo magnético; si se crea el campo magnético por medio de corriente que circula
por una bobina o un conductor, entonces se puede medir el valor de la corriente en el
conductor o bobina.

Si tanto la fuerza del campo magnético como la corriente son conocidas, entonces
se puede usar el sensor Hall como detector de metales.
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Existen dos tipos principales de sensores de Efecto Hall, anillo abierto (open-loor)
y anillo cerrado (closed-loop). El segundo ofrece mejor precisiéon y rangos dindmicos
mas amplios, pero a un costo mayor, y la mayoria de los sensores de Efecto Hall que se
encuentran en medidores de energia usan el disefio anillo abierto para lograr costos mas
bajos. El sensor de Efecto Hall tiene una excelente respuesta a la frecuencia y esta
capacitado para medir corrientes muy altas.

La sefial obtenida del sensor Hall puede ser procesada para dar una sefial digital
o analégica. De modo que cuando desea obtener wuna salida los sensores se
denominan interruptores Hall. Y cuando se requiere que la salida sea proporcional a la
sefial que se desea medir, se denominan sensores Hall de tipo lineal. Estos tltimos son
los empleados para la medida de corrientes y cubren un rango que se extiende desde
pocos mA hasta cientos de mA En la Figura 8 se muestran algunos sensores de corriente
que emplean el efecto Hall.

Algunas aplicaciones para los sensores Hall los podemos encontrar en la industria
del automovil el sensor Hall se utiliza de forma frecuente, ej. en sensores de posicién del
cigtiefial (CKP) en el cierre del cinturén de seguridad, en sistemas de cierres de puertas,
para el reconocimiento de posicion del pedal o del asiento, etc.

Figura 8. Algunos tipos de sensores de efecto Hall.

1.2.5 COMPARACION DE LOS SENSORES.

A continuacién, se muestran dos tablas comparativas el cual resume las
caracteristicas y los efectos para los cuatro tipos de sensores. Posteriormente una tabla
cualitativa el cual resume como estd el sensor en comparacién con el resto de acuerdo con
las distintas tecnologias utilizadas para cada uno.
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Sensor de Caracteristicas Efectos
Corriente.
Shunt. De 100 a 500p.Q. Bajo costo. Inmune al problema de | Alta disipacién de potencia

la saturacion DC. No estda aislado. Buena

linealidad. No ttiles para grandes corrientes.

en forma de calor. Necesidad

de aislamiento galvanico.

Transformador de

Capaz de medir altas corrientes. Se necesita

Un desfase de 0.1° produce

Corriente. emparejar la fase. Baja disipacién comparada con | un error en la facturaciéon.
la de Shunt. Proporciona aislamiento. Tiene
problemas de saturacion DC.
Bobina Rogowski | Tiene todas las ventajas del transformador de | Es dificil tener un integrador
corriente, pero es mds barato. Necesita un | que sea muy estable con el
(Sensor di/dt). integrador. Inmune a la saturacion DC. Buena | tiempo.
linealidad. Bajo consumo.
Efecto Hall. Son mas caros. Baja linealidad. Bueno para altas | Consumo medio. Variacion

corrientes.

alta con la temperatura.

Tabla 1. Resumen de caracteristicas y efectos para cada sensor.

La tabla anterior nos refleja que en caso de altas corrientes es aconsejable utilizar

el sensor de efecto hall en vez del shunt, ya que este tltimo disipa mucha potencia en

forma de calor. Los sensores mas econdmicos son los de efecto shunt en conjunto con el

Rogowski, ambos no tienen problemas con la saturacién de la corriente continua.

3 Shunt de | Transformador de | Sensor de | Bobina
Tecnologia del sensor . K .
corriente corriente Efecto Hall Rogowski

Costo Muy bajo Medio Alto Bajo
Linealidad 1 de 1

me‘a 1 . ac en ¢ rango de ‘a Muy buena Buena Pobre Muy buena
medicion
C idad d dicién d

apact .a ¢ medicion e Muy pobre Buena Buena Muy buena
alta corriente
Consumo de potencia Alto Bajo Medio Bajo
Prol?lema de saturaciéon de No Si S No
corriente DC
Variaciéon de 1 lid

aracion. de fa saudd Com |\ redio Bajo Alto Muy bajo
respecto a la temperatura
Problema de offset de DC Si No Si No
Probl i6

To, err}a de saturacién e No Si Si No
histéresis
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Tabla 2. Comparacion de las diversas tecnologias de sensores de corriente.

1.3  CIRCUITO INTEGRADO PARA LA MEDICION DE ENERGIA ELECTRICA.

1.3.1 MEDIDORES DE ENERGIA.

Los medidores de energia, técnicamente son aquellos que miden la cantidad de energia
eléctrica en una carga. Existen diferentes clases de medidores de energia, que son
mostrados brevemente a continuacién con la intencion de nombrar las

caracteristicas generales de estos dispositivos.

1.3.11 MEDIDOR ELECTROMECANICO

Medidores electromecanicos o medidores de induccién; compuestos por un conversor
electromecénico (basicamente un vatimetro con su sistema movil de giro libre) que actta
sobre un disco, cuya velocidad de giro es proporcional a la potencia demandada, y
provistos de un dispositivo integrador.

Figura 9. Medidor de Energia Electromecanico.

1.3.1.2 MEDIDORES TOTALMENTE ELECTRONICOS.

La medicién de energia y el registro se realizan por medio de un proceso analogo-digital
(sistema totalmente electrénico) utilizando un microprocesador, visualizacion digital y
memorias, permitiendo asi manejar datos digitales que puedan ser compartidos por
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otros sistemas digitales.

Los medidores electronicos ofrecen varios beneficios, ademas de medir la potencia
instantdnea, pueden medir otros pardmetros como el factor de potencia y la potencia
reactiva. Los datos pueden ser medidos y almacenados a intervalos especificos, lo que
permite la utilidad de ofrecer planes de precios basados en la hora del dia de uso. Esto
permite a los consumidores inteligentes de ahorrar dinero mediante la ejecucién de los
electrodomésticos, como lavadoras y secadoras, durante los periodos de menor costo, de
baja demanda, y las empresas de servicios publicos pueden evitar la construccion de
nuevas plantas de energia, ya que se requiere menos capacidad durante los periodos pico.
Los contadores electrénicos no estan influenciados por imanes externos o la orientaciéon
del propio metro, por lo que son més a prueba de manipulaciones que los medidores
electromecédnicos. Los medidores electronicos también son altamente confiables.

Analog Devices ha sido un actor clave en la transicion de los contadores electromecénicos
a electrénicos, enviando mas de 225 millones de circuitos integrados 30 de medicién de
energia hasta la fecha. Segan IMS Research4, el 75% de todos los contadores de energia
enviados en 2007 fueron electrénicos en lugar de electromecanicos.

‘ROESI5

‘-‘.1 “

Figura 10. Medidor totalmente electrénico.

1.3.2 CIRCUITOS INTEGRADOS MEDIDORES DE ENERGIA ANALOG
DEVICES.

Hemos utilizado un sistema de estado solido basado en un circuito integrado medidor
de energia de Analog Devices, en esta aplicacion se ha tenido como premisa el disefiar un
instrumento versatil y de costo reducido. El rango de aplicaciéon de este dispositivo va
desde el reemplazo de los actuales medidores electromecédnicos, hasta su uso como
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instrumento de precisién en tareas de supervision de consumo de equipo y maquinaria
semiindustrial e industrial.

La familia de dispositivos analégicos IC (ADE) combina tecnologia de conversién de
datos lider en la industria con un procesador de sefial digital de funcién fija (DSP) para
realizar los calculos esenciales para una electrénica medidor de energia.

La compaiiia Analog Devices ofrece en el mercado, la familia ADE, con una gran variedad
de integrados capaces de resolver la gran gama de variaciones de configuraciones de
sistemas de medicién en el mundo, incluyendo la de este trabajo. Mas aplicaciones con
circuitos integrados de esta compafiia estdan disponibles en su sitio WEB
www.analog.com tal como se muestra en la Figura 11.

Permitiendo a disefiadores escoger componentes diferentes de la familia dependiendo
del tipo de medidor que se desea construir. La familia de integrados ADE se divide en
dos grupos, medicién monofésica y medicién polifésica, con cinco mediciones criticas
disponibles: vatios, V rms, I rms, VA y VAR.

AnalogDialogue EngineerZone MeasureWare Wiki ! o Careers
ANALOG
DEVICES Search
AHEAD OF WHAT'S POSSIBLE™
MYANALOG MY HISTORY PRODUCTS APPLICATIONS DESIGN CENTER EDUCATION SUPPORT

Applications

Analog Devices offers technologies in verticals represented by market segments, and solutions by technology that are market-agnostic.

Markets Technology Solutions

Aerospace and Defense Energy] 3D Time of Flight (3D ToF) LIDAR
Automotive Healthcare 5G MEMS Switch
Building Technology Industrial Automation A’B Audio Bus Sensor Interfaces
Communications Instrumentation & Measurement Cyber Security RF Solutions
Consumer Security and Surveillance GaN (Gallium Nitride) RadioVerse

Data Center Internet of Things (loT) SmartMesh

Figura 11. Soluciones dispbnibles con IC Analog Devices.
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1.3.3 CIRCUITOS INTEGRADOS ADE77XX DE ANALOG DEVICES.

Los circuitos integrados de medicién de energia de Analog Devices son referenciados por
sus siglas en inglés ADE (Analog Devices Energy).

Estos dispositivos poseen el mejor rendimiento en su clase a costos atractivos, ofreciendo
soluciones para sistemas polifasicos 0 monofasicos, este tiltimo en medicién de energia o
en comunicacién de datos.

Los circuitos Integrados ADE77XX son el desarrollo de la tecnologia de estado s6lido para
mediciéon de energia eléctrica trifdsica con interfaces serial con caracteristicas de alta
precision los cuales son desarrollados por la empresa Analog Devices. Los dispositivos
incorporan convertidores analégico - digital (ADC) todo el procesamiento de sefial
requerido para realizar de medicién total (fundamental y armoénico) de energia activa,
reactiva, todo ello depende del modelo de Chipset a ser elegido entre la diversa gama con
la que cuenta la compaiiia.

En detalle los circuitos integrados ADE digitalizan sefiales de corriente y voltaje por
medio de ADC (convertidores andlogo-a-digital) antes de hacer los calculos de energia.
El procesamiento de sefial digital de las sefiales permite un célculo estable y exacto por
encima de las variaciones de tiempo y medio ambiente.

La compafiia Analog Devices posee una amplia gama de circuitos integrados para la
medicién de energia polifasica con interfaz de comunicacién chip to chip, para nuestro
caso se utilizé un dispositivo con Interfaz de Periféricos Seriales (SPI).

El ADE7758 presenta un convertidor analogico digital de segundo orden sigma-delta, y
estd disefiado para medidores de energia trifasicos de rango medio.

Para cada fase, el chip mide energia activa, reactiva y aparente, asi como voltaje RMS y
corriente RMS. Se accede a estas mediciones a través de un SPI eso permite una
calibracion digital totalmente automatizada.

El ADE7758 interacttia con una variedad de sensores, incluyendo transformadores de
corriente y corriente di /dt, como las bobinas de Rogowski.
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Descripcion del ADE7758.

Aplicaciones.

Sistemas eléctricos trifasicos Estrella/ Delta de 3 hilos.

Sistemas eléctricos trifasicos Estrella/ Delta de 4 hilos.

Sensores permitidos.

Transformadores de corrientes

Bobinas Rogowski

Mediciones disponibles.

Energia Activa

Energia Reactiva

Energia Aparente

Voltaje RMS

Corriente RMS

Tabla 3. Algunas caracteristicas del IC ADE7758.
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Figura 12. Diagrama de bloques del ADE7758.
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1.4 INTERFAZ DE COMUNICACION DE CIRCUITOS INTEGRADOS.

1.41 INTRODUCCION.

La Interfaz Periférica Serial (SPI) es un bus de interfaz comtinmente utilizado para enviar
datos entre microcontroladores y pequefios periféricos, como registros de
desplazamiento, sensores y tarjetas SD. Utiliza lineas de reloj y datos separadas, junto con
una linea de seleccion para elegir el dispositivo con el que desea comunicar.

Es importante para abordar el tema, conocer sobre la comunicacion serial, la cual se

describe a continuacion.

Cabe destacar que la electrénica integrada se trata de circuitos de interconexion
(procesadores u otros circuitos integrados) para crear un sistema simbiético. Para que
esos circuitos individuales intercambien su informacién, deben compartir un protocolo
de comunicacion comuan. Cientos de protocolos de comunicacién se han definido para
lograr este intercambio de datos, y, en general, cada uno se puede separar en una de dos
categorias: paralelo o en serie.

1.42 COMUNICACION PARALELA VERSUS COMUNICACION SERIAL.

Es importante analizar desde sus inicios la comunicacién que han presentado los
dispositivos electrénicos y del porqué de sus cambios, previo a la comunicacion serial era
muy utilizada la comunicacion paralela, las interfaces paralelas transfieren maltiples bits
al mismo tiempo. Generalmente requieren buses de datos, que transmiten a través de
ocho, dieciséis o mas cables. Los datos se transfieren en enormes ondas de 1y 0.
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Figura 13. Comunicacién paralela de un bus de datos de 8 bits, controlado por un reloj.

En la Figura 13 podemos observar un bus de datos de 8 bits, controlador por un reloj, que
transmite un byte a cada pulso de reloj, se utilizan 9 cables como se puede observar para
dicho propésito.

Para el caso de las interfaces en serie, estas transmiten sus datos, un bit por bit. Estas
interfaces pueden operar con tan solo un cable, generalmente nunca mas de cuatro.

OUT—69-60-62-63-69-65-69-62{IN
CLK ||||||||||||||||>CLK

Figura 14. Ejemplo de una interfaz serial, transmitiendo un bit por cada pulso de reloj.

La comunicacién paralela ciertamente tiene sus beneficios. Es rdpida, sencilla y
relativamente facil de implementar. Pero requiere muchas mas lineas de entrada / salida
(E / S). En el desarrollo del este proyecto estamos utilizados la plataforma de Raspberry
Pi B, se sabe que las lineas de E / S en un microprocesador pueden ser preciosas y pocas.
Por lo tanto, a menudo optamos por la comunicacién en serie, sacrificando la velocidad
potencial en la comunicacién entre dispositivos.
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1.4.3 TIPOS DE COMUNICACION SERIAL (SINCRONA Y ASINCRONA).

En la evolucién en el tiempo que ha tenido los protocolos serie se han disefiado para
satisfacer las necesidades particulares de los sistemas integrados. USB (bus serie
universal) y Ethernet son algunas de las interfaces en serie de computacion mas
conocidas. Otras interfaces series muy comunes incluyen SPI, I2C y el estdndar de serie
del que estamos aqui para hablar hoy. Cada una de estas interfaces en serie puede
clasificarse en uno de dos grupos: sincrono o asincrono.

Una interfaz en serie sincrona siempre empareja su (s) linea (s) de datos con una sefial
de reloj, de modo que todos los dispositivos en un bus en serie sincrono comparten un
reloj comun. Esto permite una transferencia en serie mas directa, a menudo mas répida,
pero también requiere al menos un cable adicional entre los dispositivos de
comunicacién. Los ejemplos de interfaces sincronas incluyen SPI e 12C.

Una interfaz en serie asincrona significa que los datos se transfieren sin soporte de una
sefial de reloj externo. Este método de transmisioén es perfecto para minimizar los cables
necesarios y los pines de Entrada/Salida (E / S), pero significa que debe esforzarse un
poco para transferir y recibir datos de manera confiable. Ejemplo de interfaz asincrona
podemos mencionar la UART (Universal Asynchronous Receiver / Transmitter).

144 ;QUE ESTA MAL CON LOS PUERTOS SERIE ASINCRONOS?

Un puerto serie comun, del tipo con lineas TX y RX, se denomina "asincrono" (no
sincrono) porque no hay control sobre cuando se envian los datos o si se garantiza que
ambos lados se ejecutan exactamente a la misma velocidad. Como las computadoras
normalmente se basan en todo lo que se sincroniza con un tinico "reloj" (el cristal principal
conectado a una computadora que lo maneja todo), esto puede ser un problema cuando
dos sistemas con relojes ligeramente diferentes intentan comunicarse entre si.

Para evitar este problema, las conexiones en serie asincronas agregan bits adicionales de
inicio y detencion a cada byte para ayudar al receptor a sincronizar los datos a medida
que llegan. Ambos lados también deben acordar la velocidad de transmisién (como 9600
bits por segundo) de antemano. Las ligeras diferencias en la velocidad de transmisién no
son un problema porque el receptor se vuelve a sincronizar al comienzo de cada byte.
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Figura 15. Ejemplo de comunicacion serial asincrona

La comunicacién serial asincrona funciona bien, pero tiene una gran sobrecarga tanto en
los bits adicionales de inicio y finalizacion enviados con cada byte, como en el complejo
hardware requerido para enviar y recibir datos. Ademads, cabe mencionar nuevamente
que, si ambos lados no estan configurados a la misma velocidad, los datos recibidos seran
basura. Esto se debe a que el receptor estd muestreando los bits en momentos muy
especificos (las flechas en el diagrama anterior). Si el receptor mira los momentos
incorrectos, vera los bits equivocados.

1.4.5 UNA SOLUCION SINCRONICA

La comunicacién SPI funciona de una manera ligeramente diferente. Es un bus de datos
"sincrono", como ya se hizo mencion, significa que utiliza lineas separadas para los datos
y un "reloj" que mantiene a ambos lados en perfecta sincronizacion. El reloj es una sefial
oscilante que le dice al receptor exactamente cudndo debe muestrear los bits en la linea
de datos. Este podria ser el flanco ascendente (de menor a mayor) o descendente (de
mayor a menor) de la sefial del reloj; la hoja de datos especificara cual usar. Cuando el
receptor detecta ese flanco, inmediatamente mirar4 la linea de datos para leer el siguiente
bit (ver las flechas en el siguiente diagrama de la Figura 16). Debido a que el reloj se envia
junto con los datos, especificar la velocidad no es importante, aunque los dispositivos
tendran una velocidad maxima a la que pueden operar.
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11001010
0x53 = ASCII 'S’

Figura 16. Esquema bésico Comunicacién SPI.

Una razoén por la que SPI es tan popular es porque el hardware receptor puede ser un
simple registro de desplazamiento. Este es un hardware mucho méas simple (jy mas
barato!) Que el UART (Receptor / Transmisor Asincrono Universal) que requiere el serial
asincrono.

1.4.6 RECIBIENDO INFORMACION.

Es de tomar en cuenta que segtin como se ha explicado en la secciéon anterior, solo hemos
mostrado la comunicacién en un solo sentido, sin embargo, la comunicacién SPI es Full
Duplex, lo que implica que puede enviar y recibir informacién desde y hacia el
dispositivo maestro.

En la comunicacién SPJ, solo un lado genera la sefial de reloj (generalmente llamada CLK
o SCK para Serial ClocK). El lado que genera el reloj se llama el "maestro", y el otro lado
se llama el "esclavo". Siempre hay un solo maestro (que es casi siempre su
microcontrolador), pero puede haber multiples esclavos.

Cuando los datos se envian desde el maestro a un esclavo, se envian a una linea de datos
llamada MOSI, para "Master Out / Slave In". Si el esclavo necesita enviar una respuesta
al maestro, el maestro continuard generando un ntimero de ciclos de reloj predispuestos,
y el esclavo colocaré los datos en una tercera linea de datos llamada MISO, para "Master
In / Slave Out".
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MASTER SLAVE

SCK +- SCK
MOSI - MOSI
MISO <+ MISO
Master to Slave Slave to Master
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012:}4567 01234567
MOSI P i
Master-Out b H H bl
Slave-in 11001010 »
0x53 = ASCII 'S’ i f P
MISO I_l 1 IRE 3| I
Stave-Out 01100010
0x46 = ASCIl 'F"

Figura 17. Esquema basico Comunicacion SPI Full Duplex.

Observe que dijimos "predispuestos" en la descripcion anterior. Debido a que el maestro
siempre genera la sefial del reloj, debe saber de antemano cuando un esclavo necesita
devolver los datos y la cantidad de datos que se devolveran. Esto es muy diferente de la
serie asincronica, donde se pueden enviar cantidades aleatorias de datos en cualquier
direccién en cualquier momento. En la practica, esto no es un problema, ya que SPI
generalmente se usa para hablar con sensores que tienen una estructura de comando muy
especifica. Por ejemplo, si envia el comando de "lectura de datos" a un dispositivo, sabra
que el dispositivo siempre le enviard, por ejemplo, dos bytes a cambio. (En los casos en
que desee devolver una cantidad variable de datos, siempre puede devolver uno o dos
bytes especificando la longitud de los datos y luego hacer que el maestro recupere la
cantidad completa).

Tenga nuevamente en cuenta que SPI es "Full Duplex" (tiene lineas de envio y recepcion
separadas, Figura 17) y, por lo tanto, en ciertas situaciones, puede transmitir y recibir
datos al mismo tiempo (por ejemplo, solicitando una nueva lectura del sensor mientras
recupera los datos del el anterior). La hoja de datos de su dispositivo le dira si esto es
posible.

1.4.7 SELECCION DE ESCLAVO (SS- SLAVE SELECT)

Hay una ultima linea que debe tener en cuenta, llamada SS (Slave Select) para
seleccionar esclavos. Esto le dice al esclavo que debe despertarse y recibir / enviar datos
y también se usa cuando hay varios esclavos presentes para seleccionar el que le gustaria
hablar.

27



MASTER SLAVE

SCK > SCK
MOSI Mosi
MISO <+ MISO
SS SS
Master to Slave Slave to Master

SCK

ox LU LA

Master

MOSI
Master-Out
Slave-In

Figura 18. Esquema Comunicacién SPI, utilizando el habilitador SS para seleccionar
dispositivo.

La linea SS normalmente se mantiene alta, lo que desconecta al esclavo del bus SPI. (Este
tipo de logica se conoce como "activo bajo", y a menudo se verd utilizado para habilitar y
restablecer lineas). Justo antes de que se envien datos al esclavo, la linea baja, lo que activa
el esclavo. Cuando termine de usar el esclavo, la linea se vuelve alta nuevamente. En un
registro de desplazamiento, esto corresponde a la entrada "latch", que transfiere los datos
recibidos a las lineas de salida.

1.4.8 MULTIPLES ESCLAVOS.

Hay dos formas de conectar multiples esclavos a un bus SP], las cuales se describen a
continuacion:

I.  En general, cada esclavo necesitard una linea SS separada. Para hablar con un
esclavo en particular, hara baja la linea SS de ese esclavo y mantendra el resto de
ellos en alto (no quiere que se activen dos esclavos al mismo tiempo, o ambos
pueden tratar de hablar sobre la misma linea MISO que resulta en datos confusos).
Muchos esclavos requerirdn muchas lineas de SS; si te estas quedando sin salidas,
hay chips decodificadores binarios que pueden multiplicar tus salidas SS.
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SLAVE 1 SLAVE 2 SLAVE n
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Figura 19. Esquema Comunicacién SPI con multiples esclavos, utilizando una linea de

SS para cada dispositivo a comunicarse.

II.  Por otro lado, se pueden conectar los dispositivos en cadena (Figura 20) en el cual
el MISO (salida) de uno va al MOSI (entrada) del siguiente. En este caso, una sola
linea SS va a todos los esclavos. Una vez que se envian todos los datos, se eleva la
linea SS, lo que hace que todas las fichas se activen simultdneamente. Esto se usa
a menudo para registros de desplazamiento en cadena y controladores de LED
direccionables.

SLAVE 1 SLAVE 2 SLAVE n

xad x a9 x a9
988y (32538 [38E3
MASTER i AY i AY J AY
SCK > -
mosi b =
MISO | .
ss

Figura 20. Esquema Comunicacién SPI con multiples esclavos, utilizando una linea de

SS para todos los dispositivos a comunicarse.

Se tiene en cuenta que, para este disefio, los datos se desbordan de un esclavo al siguiente,
por lo que, para enviar datos a cualquier esclavo, se tendra que transmitir suficientes
datos para alcanzarlos a todos. Ademads, se tiene en cuenta que la primera informacién
que transmita terminara en el tltimo esclavo.

Este tipo de disefio se usa generalmente en situaciones de solo salida, como conducir LED
donde no necesita recibir datos. En estos casos, puede dejar la linea MISO del maestro
desconectada. Sin embargo, si los datos necesitan ser devueltos al maestro, puede hacerlo
cerrando el bucle de cadena margarita (cable azul en el diagrama de arriba). Tenga en
cuenta que, si hace esto, los datos de retorno del esclavo 1 deberan pasar por todos los
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esclavos antes de volver al maestro, asi que asegutrese de enviar suficientes comandos de
recepcion para obtener los datos que necesita.

1.5 PLACA CONTROLADORA ARDUINO.
1.5.1 INTRODUCCION

Arduino se ha convertido en un referente del hardware libre que surgié como una
herramienta para estudiantes pero que, poco a poco, ha conseguido romper barreras.
Debido a su filosofia, existe actualmente una gran comunidad de desarrolladores y
desarrolladoras y a toda la tecnologia y plataformas de las que disponemos, Arduino se
ha convertido en una herramienta basica en el movimiento maker (crear objetos
artesanales, pero utilizando la tecnologia), la docencia (en las areas de ciencia, ingenieria,
tecnologia, y matematicas), el impulso del IoT (Internet of Things o «Internet de las
cosas») y el prototipado.

La funcién de la plataforma Arduino es facilitar el uso de un microcontrolador (MCU).

1.5.2 ;QUE ES ARDUINO?

Arduino es una placa controladora y su entorno de programacién que permiten de
manera rapida y sencilla realizar proyectos de electrénica, automatismo, control,
domética, etc. Arduino nacié en el Instituto IVREA (Italia) para facilitar a sus alumnos
las tareas de programacién de microcontroladores. Es ese uno de los motivos de su éxito:
cualquier persona con pocos conocimientos de informadtica y electrénica puede
programarlo e implementarlo.

Figura 21. Placa Arduino UNO.
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1.5.3 MICROCONTROLADORES (MCU).

Un Microcontrolador (MCU) es un circuito integrado que puede ser reprogramado y que
esta disefiado para el control de procesos mediante la lectura y generacién de sefiales.
Para entender mejor qué es Arduino y un MCU supongamos que tenemos que
implementar una solucion para el control de encendido de luces.

Si deseamos desarrollar la solucion con un microcontrolador MCU. Primeramente,
tenemos que escoger el mds adecuado, considerando las caracteristicas técnicas del
proceso que vamos a controlar. En el mercado disponemos de varios fabricantes de MCU,
todos ellos con un amplio catdlogo. Tendremos que decantarnos por un fabricante y
escoger un MCU de entre todos los que tiene; para analizar los MCU, necesitamos trabajar
con sus manuales.

El manual de un MCU no esta desarrollado para un usuario comun, independientemente
de su formacién, pueda interpretarlo. Nos enfrentaremos a manuales de hasta 450
paginas, con un lenguaje muy técnico, por lo que no solo es necesario un conocimiento
previo sobre MCU, sino sobre programacién, muchos «mecanismos internos», como
Timers, interrupciones, etc. Posiblemente, si nunca hemos programado, no entenderemos
para qué sirven.

Ademas, debemos analizar sus limitaciones en cuanto a potencia eléctrica, este
dispositivo debe brindarse la incorporacién de las instrucciones por medio de su entorno
de programacion.

Como acabamos de ver, existe una gran cantidad de obstaculos para simplemente
empezar a programar un Microcontrolador (MCU) y, con todo esto, una vez que los
superemos, tenemos que ser capaces de llegar a una solucién, desarrollar el programa

adecuado e implementar fisicamente este sistema (conectarlo a un entorno).

1.5.4 DESCRIPCION DE PINES PARA LA PLACA CONTROLADORA ARDUINO.

A continuacién, veremos las distintas partes que conformar nuestro Arduino como
son entradas, salidas, alimentacién, comunicacion.

v' Entradas: son los pines de nuestra placa que podemos utilizar para hacer

lecturas. En la placa Uno son los pines digitales (del 0 al 13) y los analégicos
(del AO al A5).
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Salidas: los pines de salidas se utilizan para el envio de sefiales. En este caso
los pines de salida son sélo los digitales (0 a 13).

Otros pines: también tenemos otros pines como los GND (tierra), 5V que
proporciona 5 Voltios, 3.3V que proporciona 3.3 Voltios, los pines REF de
referencia de voltaje, TX (transmisiéon) y RX (lectura) también usados para
comunicacion serial, RESET para resetear, Vin para alimentar la placa .

Alimentacién: Como hemos visto el pin Vin sirve para alimentar la placa, pero lo
mas normal es alimentarlo por el Jack de alimentacién usando una tensiéon de 7 a
12 Voltios. También podemos alimentarlo por el puerto USB, pero en la mayoria
de aplicaciones no lo tendremos conectado a un ordenador.

Comunicacién: En nuestro proyecto nos comunicaremos con Arduino mediante
USB para cargar los programas o enviar/recibir datos. Sin embargo, no es la tinica
forma que tiene Arduino de comunicarse. Cuando insertamos una shield ésta se
comunica con nuestra placa utilizando los pines ICSP (comunicacién ISP), los
pines 10 a 13 (también usados para comunicacion ISP), los pines TX/RX o
cualquiera de los digitales ya que son capaces de configurarse como pines de
entrada o salida y recibir o enviar pulsos digitales.

Shields: traducido del inglés significa escudo. Se llama asi a las placas que se
insertan sobre Arduino a modo de escudo ampliando sus posibilidades de uso.
En el mercado existen infinidad de shields para cada tipo de Arduino. Algunas
de las mas comunes son las de Ethernet, Wi-Fi, Ultrasonidos, Pantallas LCD, relés,
matrices LED's, GPS...
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Voltage 16MHz ATmegal6U2
regulator  crystal microcontroller IC/USB controller

7 to 12VDC input
2.1mm x 5.5mm
Male center positive

USB-B port
to computer

Reset button

ICSP for
USB interface

(I2C) SCL - Serial clock
(12C) SDA - Serial data

Pin-13 LED

......

Not connected
1/0 Reference voltage
Reset

(SPI) SCK ~ Serial clock
(SPI) MISO - Master-in, slave-out

Ground

3.3V Output ; (SPI) MOSI ~ Master-out, slave-in
. e o (SPI) SS - Slave select
5V Output c
Ground [
=
o

Note: Pins denoted with "~"

Input voltage are PWM supported

Analog pin 0

Analog pin 1

Analog pin 2 ——EEUNNL VA L T Interrupt 1

Analog pin 3 Interrupt 2
(I2C) SDA TXD

(12C) sCL RXD

ATmega328

microcontroller IC RESET

ICSP for SCK
ATmega328 MISO

Figura 22. Pin- Out para el Arduino UNO.

1.5.5 SPI EN ARDUINO.

El proposito para el uso de la placa controladora Arduino, es la efectuar la de efectuar la
adquisicion de datos del circuito integrado medidor de energia ADE7758, por medio de
la comunicacion Chip to Chip SPL

Arduino dispone de pines «dedicados» a comunicacion SPI; se pueden configurar
otros, pero la velocidad sera menor. Los pines, segtin el modelo de Arduino, varian;
en el caso del Arduino UNO:

v 10->SS
v 11 -> MOSI
v 12 -> MISO
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v’ 13 ->SCK
El pin SS por hardware se emplea para establecer una comunicacién con un Arduino que
acttie como esclavo. En el caso de trabajar con el Arduino como maestro, se puede usar
cualquier pin, como SS, y varios en el caso de tener varios esclavos.
Disponemos de una libreria para trabajar con el protocolo SPI, que nos permite utilizar
un Arduino como dispositivo maestro, el cual es nuestro caso, ya que el ADE7758 seré
muestro esclavo.
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2 DISENO E IMPLEMENTACION DE HARDWARE DEL EQUIPO PARA
MEDICION.

21 INTRODUCCION.

En este capitulo se analiza con detalle el disefio del hardware, con él cual se ha
trabajado para llevar a cabo el proceso de mediciéon de energia. Se presenta cada etapa
del disefio en el diagrama de bloque de la Figura 23.

A continuacién, se presentan las etapas con las que se ha efectuado el disefio e
implementacion del equipo.

> Adquisicién de sefiales para cada medicion (El equipo puede obtener hasta 6
mediciones).

A\

Etapa de multiplexado de sefiales.
> Dispositivo para medicién de energia y otras variables (ADE7758).

Y

Receptor SPI, utilizando Arduino.
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Figura 23. Diagrama de bloques para medidor de potencia.
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2.2  ADQUISICION DE SENALES.

Para la Adquisiciéon de sefiales se utilizara, divisores de tensién para las lecturas de
Voltaje y Transformadores de corriente, los dispositivos requeridos se describen a
continuacion.

221 TRANSFORMADORES DE CORRIENTE.

En su forma comtnmente citadas los transformadores de corriente (CT) son sensores que
miden la corriente alterna (CA). El tipo de ntcleo dividido, como el CT en la Figura 24,
puede acoplarse al cable de Fase o neutro que alimenta una determinada carga, sin la
necesidad de realizar ningan trabajo eléctrico de alto voltaje. Como cualquier otro
transformador, un transformador de corriente tiene un devanado primario, un ntcleo
magnético y un devanado secundario.

Figura 24. Transformador de Corriente seleccionado en nuestro disefio.

En el caso de la medicion de corriente eléctrica en una carga, el devanado primario es el
cable vivo o neutro (jNO ambos!) y pasa a través de la abertura en el TC. El devanado
secundario estd hecho de muchas vueltas de alambre fino alojado dentro de la caja del
transformador.

La corriente alterna que fluye en el primario produce un campo magnético en el nicleo,
que induce wuna corriente en el circuito secundario del devanado
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La corriente en el devanado secundario es proporcional a la corriente que fluye en el
devanado primario:

Isecundario = CT (relaciéon, Transformacién) x Iprimario

Numero de Vueltas (Primario)

CT(relacion, T 2N
(relaci6n, Transformacién) Numero de Vueltas (Secundario)

El namero de vueltas del secundario en la TC mostrado en la Figura 24 es de 2000,
entonces la corriente en el secundario es una 1/2000 de la corriente en la primaria.
Normalmente, esta relacion se escribe en términos de corrientes en amperios, por
ejemplo: 100: 5 (para un medidor de 5 A, escala de 0 a 100 A). La relacién para el CT que
hemos elegido se escribiria como 100: 0.05.

El circuito secundario estd aislado galvanicamente del circuito primario. (es decir, no

tiene contacto metalico).

2211 RESISTOR DE CARGA (BURDEN RESISTOR)

Una "salida de corriente" del TC debe usarse con una resistencia de carga. La resistencia
de carga completa o cierra el circuito secundario de CT. El valor de carga se elige para
proporcionar un voltaje proporcional a la corriente secundaria. El valor de carga debe ser
lo suficientemente bajo para evitar la saturaciéon del nticleo de TC.

CURRENT
TRANSFORMER
| —

—C0- o

Figura 25. Resistencia Burden.
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221.2 CONDICIONES DE SEGURIDAD.

Por regla general, un CT nunca debe estar en circuito abierto una vez que est4 conectado
a un conductor portador de corriente. Un CT en estas condiciones es potencialmente
peligroso si esta en circuito abierto.

Si se abre el circuito con la corriente que fluye en el primario, el secundario del
transformador intentara continuar impulsando la corriente hacia lo que efectivamente es
una impedancia infinita. Esto producira un voltaje alto y potencialmente peligroso a
través del secundario.

Algunos CT tienen protecciéon incorporada. Algunos tienen diodos Zener protectores,
como es el caso con el SCT-013-000 el cual hemos utilizado en nuestro disefio para su uso
en este proyecto.

2.2.2 DIVISORES DE TENSION.

El método utilizado para obtener la mediciéon de voltaje es menos complejo que la de
Corriente, teniendo el requerimiento de entrada maxima de adquisicion de sehales
requeridas por el IC ADE7758, la cual se muestra en la Figura 26, podemos apreciar que
se necesita un maximo de 500 m V pico, para ellos utilizaremos un divisor de tensiéon
como el mostrado en la Figura 27.

Vi +V,
+500mV =+
IAP, IBP,
DIFFERENTIAL INPUT OR ICP
V4 + V, = 500mV MAX PEAK 9 Vi Oo—+
Vem > A
COMMON-MODE O—~
+25mV MAX IAN, IBN,
OR ICN
~500mV
\j

Figura 26. Voltaje maximo de entrada permitido para la adquisicién de voltaje.
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Figura 27. Voltaje maximo de entrada permitido para la adquisicién de voltaje.

23  MULTIPLEXADO DE SENALES.
2.3.1 INTRODUCCION.

Se han adquirido las sefiales de voltaje y corriente a través de la Etapa 1, con ello
obtendremos toda la informacién necesaria para que sea procesada por el Chipset
medidor de energia ADE7758, y para lograr la mediciéon desde 6 puntos diferentes
utilizando tnicamente uno de los Chipset mencionados, utilizaremos una etapa de
Multiplexacion de Sefiales, de la cual a partir de 36 sefiales se obtendra 6 sefales para su
respectiva seleccion a medicion.

2.3.2 DESCRIPCION DE LOS CIRCUITOS MULTIPLEXORES.

Un Multiplexor o “Selector de datos” es un circuito 16gico que acepta varias entradas de
datos y permite que s6lo una de ellas pase a un tiempo a la salida. El enrutamiento de la
entrada de datos hacia la salida est4 controlado por las entradas de seleccion (a las que se
hace referencia a veces como las entradas de direccion).

El multiplexor, también conocido como MUX, actta como un conmutador
multiposicional controlado digitalmente, donde el cédigo digital aplicado a las entradas
de seleccion controla cuéles entradas de datos seran conmutadas hacia la salida. Por
ejemplo, la salida sera igual a la entrada de datos, llamémosle Dy, para el cédigo de
entrada de seleccion que sea cero (ABC=000 en el diagrama de abajo); la salida sera igual
D1 para cuando el cédigo de seleccion sea uno y asi sucesivamente. Establecido de otra
manera, un multiplexor seleccional de N fuentes de datos y transmite los datos
seleccionados a un solo canal de salida. Esto se llama multiplexién o multiplexaje.
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Los multiplexores son representados en diagramas de bloques como trapezoides
isosceles. A continuacion en la Figura 28 , muestro el esquemético de un multiplexor de
dos entradas y una salida con su respectivo bit de seleccién:

- Lo
out J— i out
Iy I :
sel sell
o)
B A
1 0
So
Z

Figura 28. Representacién de Circuitos Multiplexores.

Un ejemplo de multiplexores se ve en las lineas telefonicas. Estas usan exactamente este
principio. Transmiten varias llamadas telefénicas (sefiales de audio) a través de un tinico
par cableado usando la técnica de “multiplexado” y cada sefial de audio va tinicamente
al receptor al que esta destinado, para nuestro caso el funcionamiento seran el de recibir
las mediciones de los 6 puntos de medicién los cuales llegardn a un tnico chip ADE7758
el cual nos entregara los valores medidos para cada punto de medicion segtn sea el
seleccionado en nuestra interfaz gréfica.

Otra aplicacién comuan para los MUX es encontrada en las computadoras, en las cuales la
memoria dindmica usa las mismas lineas de direccién para el direccionamiento tanto de
las filas como de las columnas. Un grupo de multiplexores es usado para primero
seleccionar las direcciones de la columna y luego cambiar para seleccionar la de la fila.
Este esquema permite que grandes cantidades de memoria sean incorporadas dentro de
una computadora mientras se limita a la vez la cantidad de conexiones de cobre
requeridas para conectar la memoria al resto del circuito. Por eso es que también se les
conoce a veces como “selectores de datos”.

41



Ya se vio el simbolo esquemético del multiplexor de 2 entradas y una salida, pero los
multiplexores no estan limitados a 2 entradas. Si las lineas de seleccion son dos podemos

alternar entre 4 datos de entrada, si son 3 entre 8 y asi sucesivamente.

A continuacién, en la Figura 29, se muestran los simbolos esquematicos de los
multiplexores de “4 a 1” (cuatro entradas y una salida), “8 a 1” (ocho entradas y una
salida) y “16 a 1” (dieciséis entradas y una salida) con sus respectivas lineas de seleccién,

respectivamente.
D CB A
3210 So
S1
Z
HGFEDCEBA
| L1 1]]
7654321%50
S1
S2
I
2

P O N M L K
I

VS 14 13 12 11 10

JIHGFEDCEBA
LI LT
9876543210

Z

Figura 29. Representacion grafica de Circuitos Multiplexoresde4al1,8aly16al.

En todos los casos la salida es Z, las entradas de seleccion S y el resto es la entrada que

serd multiplexada.

A veces pueden verse en forma rectangular asemejando el circuito integrado que
representan, pero en este caso siempre deben ir bien identificados cada uno de los pines.
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Por ejemplo:

Dy —
Dy —-
Dy — ]

> MUX
Dy ——=
D —

S 8af
Dy —=

I
) ——=
O — 9=

Figura 30. Representaciéon como bloque rectangular de Multiplexor de 8 a 1.

El esquema anterior en la Figura 30 representa (como se ve indicado) un multiplexor a
nivel MSI de 8 entradas (que implica las 3 lineas de seleccién) y una salida (F). Las
entradas de seleccién, o sea, quienes indicardn cudl de las entradas sera reflejada en la
salida, vienen dadas por el cédigo binario representado por ABC. ABC son las “entradas
de direccionamiento” o de direccién o de seleccién, como usted lo quiera llamar, ya que
estas seran quienes indican el dato a acceder. Este mismo concepto es el usado en las
memorias.
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24  CIRCUITO INTEGRADO PARA LA MEDICION DE ENERGIA ELECTRICA.

24.1 MEDIDORES DE ENERGIA.

Hemos utilizado un sistema de estado solido basado en un circuito integrado medidor
de energia de Analog Devices, en esta aplicacion se ha tenido como premisa el disefiar un
instrumento versatil y de costo reducido. El rango de aplicaciéon de este dispositivo va
desde el reemplazo de los actuales medidores electromecéanicos, hasta su uso como
instrumento de precision en tareas de supervisiéon de consumo de equipo y maquinaria
semiindustrial e industrial.

24.2 CIRCUITOS INTEGRADOS ADE77XX DE ANALOG DEVICES.

Los circuitos Integrados ADE77XX son el desarrollo de la tecnologia de estado sélido para
mediciéon de energia eléctrica trifdsica con interfaces serial con caracteristicas de alta
precision los cuales son desarrollados por la empresa Analog Devices. Los dispositivos
incorporan convertidores analégico - digital (ADC) todo el procesamiento de sefial
requerido para realizar de medicién total (fundamental y armoénico) de energia activa,
reactiva, todo ello depende del modelo de Chipset a ser elegido entre la diversa gama con
la que cuenta la compaiiia.

24.3 DESCRIPCION GENERAL DEL CIRCUITO INTEGRADO ADE7758.

El ADE7758 es un circuito integrado para medicion de energia eléctrica trifdsica con
interfaces serial y tres salidas de pulso flexibles con caracteristicas de alta precision. Los
dispositivos incorporan convertidores analdgico - digital (ADC) de segundo orden, un
integrador digital circuito de referencia y todo el procesamiento de sefial requerido para
realizar de medicién total (fundamental y armoénico) de energia activa, reactiva.

El ADE7758 puede medir la energia activa, reactiva y aparente en varias configuraciones
trifasicas, como servicios en estrella o delta, con tres y cuatro cables. Aparte de las
medidas rms regulares, que son actualizados cada 8 kHz, estos dispositivos miden
valores de rms de rizado bajo, que se promedian internamente y se actualizan cada 1,024
segundos. El dispositivo proporciona funciones de calibraciéon del sistema para cada fase,
las cuales son, correccion de desplazamiento eficaz, calibracién de fase y calibracion de
ganancia.
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El AD7758A también incorpora medidas de calidad de energia, tales como detecciéon de

baja o alta tensioén de corta duracién, corta duracion alta variacion de corriente, medicion

de periodo de voltaje de linea y angulos entre voltajes de fase y corrientes.

Interfaz periférica serial (SPI), puede comunicarse con los dispositivos. Una alta

velocidad dedicada interfaz.

El dispositivo tiene dos pines de solicitud de interrupcion, IRQO e IRQ1, para indicar

que ha ocurrido un evento de interrupcién habilitado.

APCF [1] d 24] DOUT
DGND [ 2] 23] SCLK
DVDD [3] 22] DIN
AvVDD [4] 21] CS
IAP [5]| ADE7758 |20] cLkouT
[ Tor v Filcian
18P [7] 18] IRQ
BN 2] [17] VARCF
icp 3] 16] VAP
IcN [1o] [15] vBP
AGND [11] 14] veP
REFnjouT [12] 13] VN

Figura 31. Distribuciéon de Pines del ADE7758.

244 TEORIA, FUNCIONAMIENTO DEL CIRCUITO INTEGRADO ADE7758.

A continuacién, se brinda la descripcién del funcionamiento del Circuito Integrado
ADE7758, para ellos se describira las etapas mdas importantes para su funcionamiento
basico.

245 ENTRADAS ANALOGICAS.

El ADE7758 tiene seis entradas analdgicas, pero la corriente de neutro se elimina de estos
dispositivos. Los canales de corrientes consisten en cuatro pares de entradas de voltajes
completamente diferencial: IAP e IAN, IBP e IBN, ICP e ICN, y INP y INN. Estos pares
de entrada de voltaje tienen un maximo sefial diferencial de + 500mV pico. Ademas, el
maximo nivel de sefial en las entradas analégicas para cada par IxP / IxN es de + 500mV
V pico con respecto a AGND. El modo comtin maximo la sefial permitida en las entradas
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es £ 25 mV. La Figura 32 muestra un esquematico de la entrada para los canales actuales
y su relacion con la tensién méxima en modo comdn.

DIFFERENTIAL INPUT
Vi + V5= 500mV MAX PEAK

COMMON MODE

Vi+Vy Ve = £25mV MAX

[ |
+500mV 1 AP, IBP,

9 Vs ICF, OR INP
- +
Vem

IAN, IBN,
-500mV Hven Bv2 ICN, OR INN
v,

11138-021

Figura 32. Distribucién de Pines del ADE7758.

Todas las entradas tienen un amplificador de ganancia programable (PGA) con posible
seleccion de ganancia de 1, 2, 4, 8 o 16. La ganancia de las entradas [Ax, IBx e ICx se
configuran en Bits [2: 0] (PGA1 [2: 0]) de la ganancia registro.

El canal de voltaje tiene tres entradas de voltaje de una tinica vez: VAP, VBP y VCP. Estas
entradas de voltaje de terminacion tinica tienen un maximo voltaje de entrada de £ 0.5V
con respecto a VN. ademads, el nivel maximo de sefial en entradas analégicas para VxP y
VN es £ 0.5 V con respecto a AGND. El maximo en modo comun de sehal permitida en
las entradas es + 25 mV.

Enla Figura 33 se observa el esquema para un esquema de las entradas del canal de

voltaje y su relacion con la tensién méxima en modo comun.
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SINGLE-ENDED INPUT
V4 = 500mV MAX PEAK

COMMON MODE

Vi Ve = £25mV MAX

A
+500mV VAP, VEP,
/\ 9 "I.f1 DR-VCP h
Vem -
A —
-500mV - ) Vem

\/

Figura 33. Maximo nivel de entrada, canales de voltajes, ganancia = 1.

Todas las entradas tienen una ganancia programable con una ganancia posible seleccion
del,2,4,8016.

La Figura 34 muestra como la selecciéon de ganancia del registro de ganancia funciona
tanto en los canales de corriente como de voltaje.

GAIN
SELECTION

IXP, VYP O \ /

w;‘ (%) K%
IxN, VN O /
NOTES

1.x=A, B, C, N.
y=A, B,C.

Figura 34. Amplificadores de ganancia programables en canales de voltaje y corriente.

2.4.6 CONVERSION ANALOGO DIGITAL.

El ADE7758 tiene seis 2-A ADCs. A continuacion, se describen los modos de operacion:

- En el modo PSMO, todos los ADC estan activos.

- Enel modo PSM1, solo los ADC que miden las corrientes de Fase A, de fase By
fase C estan activas. Los ADC que miden el corriente neutro y los voltajes de fase
A, ByC
estan apagados.

- Enlos modos PSM2 y PSM3, los ADC estan apagados
para minimizar el consumo de energa.
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Para simplificar, el diagrama de bloques de la Figura 35 muestra Z-A ADC de primer
orden. El convertidor estda compuesto por el modulador 2-A y el filtro digital de paso

bajo.
CLKIN/16
ANALOG @
DIGITAL
LOW-PASS FILTER INTEGRATOR LOW-PASS
— LATCHED FILTER
COMPARATOR
- B e

Figura 35. ADC X-A de primer orden.

El modulador Z-A convierte la sefial de entrada en una secuencia en serie de 1s y 0s a una
velocidad determinada por el muestreo reloj. En el ADE7858A, el reloj de muestreo es
igual a 1.024 MHz (CLKIN / 16). La bandera marcada 1-BIT DAC en el circuito de
retroalimentacion es manejado por los datos de transmision serial. La salida DAC se resta
de la sefal de entrada. Cuando la ganancia del lazo es lo suficientemente alta, el valor
promedio de la salida DAC (y, por lo tanto, el flujo de bits) puede acercarse a esa del nivel
de sefial de entrada. Para cualquier valor de entrada dado en un solo intervalo de
muestreo, los datos del ADC de 1 bit son virtualmente sin sentido. Solo cuando hay una
gran cantidad de muestras promediado es un resultado significativo obtenido. Este
promedio ocurre en la segunda parte del ADC (el filtro digital de paso bajo). Por
promedio de una gran cantidad de bits del modulador, el paso bajo filtro puede producir
palabras de datos de 24 bits que son proporcionales al nivel de sefial de entrada

El Z-A ADC utiliza dos técnicas para lograr una alta resolucién de lo que es esencialmente
una técnica de conversion de 1 bit. El primero la técnica es sobremuestreo. El
sobremuestreo significa que la sefial se muestrea a una velocidad (frecuencia) que es
muchas veces mayor que el ancho de banda de interés. Por ejemplo, la tasa de muestreo
en el ADE7758 es 1.024 MHz, y el ancho de banda de interés es de 40 Hz a 2 kHz.

El sobremuestreo tiene el efecto de propagar el ruido de cuantificacion (ruido debido al
muestreo) en un ancho de banda mas amplio. Con el ruido se extendié mas finamente en
un ancho de banda més amplio, el ruido de cuantificacién en la banda de interés
disminuye, como se muestra en la Figura 36. Sin embargo, el sobremuestreo solo no es lo
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suficientemente eficiente como para mejorar la relacién sefial de ruido (SNR) en la banda
de interés. Por ejemplo, un se requiere un factor de sobremuestreo de 4 solo para
aumentar la SNR en un solo 6 dB (un bit). Para mantener la relaciéon de sobremuestreo a
un razonable nivel, es posible dar forma al ruido de cuantificacién para que la mayoria
del ruido se encuentre en las frecuencias mas altas

En el modulador Z-A, el integrador forma el ruido que tiene una respuesta de tipo de
paso alto para el ruido de cuantificacion. Esta es la segunda técnica utilizada para lograr
una alta resolucién. El resultado es que la mayor parte del ruido estd en las frecuencias
mas altas donde el filtro digital de paso bajo lo elimina. Esta configuracién del ruido se
muestra en la Figura 36.

A ANTIALIAS FILTER
RC
SIGNAL DIGITAL FILTER (RC)
SHAPED NOISE
' SAMPLING
! FREQUENCY
|
NOISE |
RENN
L -
+ 0 2 4 512 1024
FREQUENCY (kHz)
HIGH RESOLUTION
A OUTPUT FROM
SIGNAL DIGITAL LPFI
| 1
|
| I
I
| l
NOISE | |
! N\ |
|
-
1. 0 2 4 512 1024

FREQUENCY (kHz)

Figura 36. Reduccién de ruido debido al sobre muestreo y Modelado de ruido en el

modulador analégico
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24.7 FILTRO ANTIALIASING.

La Figura 37 también muestra un filtro de paso bajo (RC) en la entrada al ADC. Este filtro
se coloca fuera del ADE7758, y su funcién es evitar el aliasing. Aliasing es un fenémeno
que afecta los sistemas muestreos como se muestra en la Figura 14. Aliasing significa que
los componentes de frecuencia en la sefial de entrada al ADC, que son mas altos que la
mitad de la frecuencia de muestreo del ADC, aparecen en la sefial muestreada a una
frecuencia inferior a la mitad de la tasa de muestreo. Los componentes de frecuencia que
superan la mitad de la frecuencia de muestreo (también conocida como frecuencia
Nyquist, es decir, 512 kHz) se visualizan o se vuelven a plegar por debajo de 512 kHz.
Esto sucede con todos los ADC independientemente de la arquitectura. En el ejemplo que
se muestra, solo las frecuencias cercanas a la frecuencia de muestreo, es decir, 1.024 MHz,
se mueven a la banda de interés para la medicién, es decir, 40 Hz a 2 kHz. Para atenuar
el ruido de alta frecuencia (cerca de 1.024 MHz)

A i ._m__uisE_EFF EETE_ } SAMPLING
_ 1 ——__FREQUENCY
o T T

—

NI W _

0 \1 4 / 512 1024
FREQUENCY {kHz)

IMAGE
FREGUEHNCIES

Figura 37. Efecto Aliasing.

y evitar la distorsion de la banda de interés, debe introducirse un filtro de paso bajo (LPF).
Para los sensores de corriente convencionales, se recomienda usar un filtro RC con una
frecuencia de esquina de 5 kHz para que la atenuacién sea suficientemente alta a la
frecuencia de muestreo de 1.024 MHz. La atenuacién de 20 dB por década de este filtro
suele ser suficiente para eliminar los efectos del Aliasing para los sensores de corriente
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convencionales. Sin embargo, para un sensor di/dt tal como una bobina Rogowski, el
sensor tiene una ganancia de 20 dB por década. Esto neutraliza la atenuaciéon de 20 dB
por década producida por LPF. Por lo tanto, al usar un sensor di/ dt, tenga cuidado de
compensar la ganancia de 20 dB por década. Un enfoque simple es conectar en cascada
un filtro RC adicional, produciendo asi una atenuacién de -40 dB por década.

24.8 CANAL DE CORRIENTE DEL ADC.

La Figura 15 muestra el ADC y la ruta de procesamiento de la sefial para la Entrada
corriente IA de los canales actuales (es lo mismo para los canales de corriente IB e IC).
Las salidas de ADC se complementan dos veces y completan palabras de datos de 24 bits
y estan disponibles a una velocidad de 8 kSPS (mil muestras por segundo). Con la sefial
de entrada analégica a escala completa de + 0.5 V, el ADC produce su valor méximo de
codigo de salida. La Figura 38 muestra una sefial de voltaje a escala real aplicada a las
entradas diferenciales (IAP e IAN). La salida del ADC oscila entre -5,928,256 (OxA58 ACO)
y +5,928,256 (0x5A7540).

b.— ZX SIGNAL
— ey ZX DETECTION DATA RANGE
(xSATS40 =
CURRENT PEAK, +3.928.236
p—= OVERCURRENT
k DETECT
o
DSP INTEN BIT CURRENT RMS [IRMS)
CONFIG[O] CALCULATION

PGA1 BITS
REFERENCE HPFDIS g
GAIN[2:0] 23] IAWV WAVEFORM
: DIGITAL || AIGAIN[Z3:0] | 4—m OxASBACD =
Xoo2, x4, x5, 18 INTEGRATOR SAMPLE REGISTER 5.828,256
L': TOTAL/FUNDAMENTAL
Vin + , T . T . S +—= ACTIVE AND REACTIVE
HF F | A FOWER CALCULATION

\‘ CURRENT CHANNE L
CURRENT CHANNEL DATA RANGE AFTER
DATA RANGE INTEGRATION

+0.5VIGAIN OxSATS40 = 0x5ATS40 =

+5,928.256 \ / \ +5.928.256 \ / \

) \/ \/

-0.5VIGAIN OxASBACH = OxASEACD =

-5928256 Y -5,928,256

ANALOG INPUT RANGE ADC OUTPUT RANGE

Figura 38. Ruta de la sefial de corriente.

e Registros de ganancia de la corriente.

Hay un multiplicador en la ruta de sefial de cada fase. La forma de onda de la corriente
se puede cambiar en + 100% escribiendo el nimero correspondiente de dos en dos en los
registros de ganancia de la forma de onda de la corriente de 24 bits (AIGAIN, BIGAIN y
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CIGAIN). Por ejemplo, si 0x400000 es escrito en esos registros, la producciéon de ADC se
amplia en un 50%. Para escalar la entrada en -50%, escriba 0xC00000 en los registros. La
ecuacion describe matematicamente la funcién de los registros de ganancia de la forma
de onda actual.

Current Waveform =
Content of Current Gain Register
223 |
J

ADCOutput x| 1+

Cambiar el contenido de los registros AIGAIN, BIGAIN, CIGAIN o INGAIN afecta todos
los calculos; es decir, afecta la fase correspondiente activa, reactiva, energia aparente y
calculo de rms actual.

e Canal de corriente HPF.

El ADC pueden contener un desplazamiento de DC. Este desplazamiento puede crear
errores en la potencia y célculos de RMS. Filtros de paso alto (HPF) se colocan en la ruta
de la sefial de la fase y las corrientes neutras y de los voltajes de fase. Si esta habilitado,
el HPF elimina cualquier DC desplazamiento en el canal actual. Todos los filtros se
implementan en DSP y, de forma predeterminada, estan todos habilitados: el registro
HPFDIS de 24 bits se borra a 0x00000000. Todos los filtros estan deshabilitados
configurando HPFDIS en un valor distinto de cero.

249 CANAL DE VOLTAJE DEL ADC.

La Figura 39 muestra el ADC y la cadena de procesamiento de sefial para la Entrada VA
en el canal de voltaje. Los canales VB y VC tienen cadenas de procesamiento similares.
Las salidas de ADC se complementan con dos palabras de 24 bits y estan disponibles a
una velocidad de 8 kSPS. Con la sefial de entrada analdgica a escala completa de £ 0.5V,
el ADC produce su valor maximo de cédigo de salida. La Figura 16 muestra una sefial de
voltaje de escala completa que se aplica a las entradas diferenciales (VA y VN). La salida
del ADC oscila entre -5,928,256 (0xA58 ACO0) y +5,928,256 (0x5A7540).
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Figura 39. Ruta de la sefial de voltaje.

25 PROTOCOLO DE COMUNICACION ADE7758.

El ADE7758 tiene integrada una interfaz de comunicacién serial, la cual esta
compuesta de 4 sefiales: SCLK, DIN, DOUT y CS.

SCLK: Seial de reloj. Todas las operaciones de transferencia de datos son sincronizadas
con esta sefial de reloj.

DOUT: Salida l6gica que permite que los datos salgan en el flanco de subida de la sefial
de reloj.

DIN: Entrada l6gica en la cual entran los datos en el flanco de bajada de la sefial SCLK.

CS: Entrada logica que actia como la seleccion del integrado. Esta entrada es usada
cuando multiples dispositivos comparten el bus serial. Un flanco de bajada en CS coloca
al ADE7758 en modo de comunicacién y debe dejarse esta entrada en activo bajo para
toda la transferencia de los datos.

Todas las operaciones en el ADE 7758 deben empezar con una escritura al registro
de comunicacion. El registro de comunicacion es un registro de solo escritura de 8 bits. El
bit més significativo determina si la siguiente transferencia de datos es lectura o escritura.
Si el bit més significativo es 1 indica que la operacién que se quiere llevar a cabo es de
escritura mientras que si es cero la operacion es de lectura. Los siete bits menos
significativos contienen la direccién del registro al cual se quiere acceder.
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2.5.1 OPERACION DE ESCRITURA SERIAL.

Con el ADE7758 en modo de comunicacion y la entrada chip select (CS) en activo
bajo, una escritura debe ser realizada al registro de comunicacion. El bit mas significativo
de este byte enviado debe ser ajustado a 1, indicando que la préxima operacién es de
escritura de datos. E1 ADE7758 empieza a leer los datos en el préximo flanco descendente
del reloj serial SCLK y los bits restantes son leidos en el flanco descendente de los pulsos
de reloj posteriores como se observa en la Figura 40. Si ocurre otra transferencia de datos,
esta debe terminar como minimo 900nS después de que haya ocurrido la transferencia
del byte anterior.

g

cs { |

t
e

o TUUULN =1w1r~dww

|ty | +|u|lsl+
N Em) e O = EOEO0EC

BYTE DE INSTRUCCION - JBYTE MAS SIGHIFICATWOL BY]’E MENOS SIGHIFICA[I¥O

Figura 40. Operacion de escritura serial ADE7758.

2.5.2 OPERACION DE LECTURA SERIAL.

Durante una operacién de lectura del ADE7758 los datos son transferidos en el
flanco ascendente del reloj serial. Como en el caso de la operacion de escritura, una
escritura debe ser realizada al registro de comunicacién.
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Figura 41. Operacién de lectura serial ADE7758.

Con el ADE7758 en modo de comunicacion y CS en logico bajo, se realiza una
escritura al registro de comunicacién con el bit mas significativo de este ajustado a 0,
indicando que se realizara una operaciéon de lectura de datos. Los siete bits menos
significativos contienen la direccién del registro que se quiere leer. En el momento en
que el ADE7758 recibe el tltimo bit del primer byte la salida DOUT sale de un estado
de alta impedancia y empieza a enviar datos por el bus serial. Cuando una operacién de
lectura se lleva a cabo, el comando de lectura no deberia suceder al menos 1.1us después
de la escritura en el registro de comunicacién. Lo anterior se aprecia en la figura 41.

2.5.3 CALCULO DE POTENCIA ACTIVA ADE7758.

La potencia activa promedio sobre un namero de ciclos de linea estd dada por la
siguiente expresion:

1 nT
P = —J p(t)dt = Vi X Lps X COS
nT J,

Donde a es la diferencia de fase entre la corriente y la tensién y T es el periodo del
ciclo de linea.

La sefial de potencia instantdnea es generada multiplicando las sefiales de corriente
y voltaje en cada fase. La componente DC de la potencia instantdnea en cada fase es
extraida por LPF2 (filtro pasa bajas).

La potencia activa de cada fase se acumula en el correspondiente registro de 16 bits
(AWATTHR, BWATTHR, o CWATTHR), la sehal de potencia activa obtenida a plena
escala en el ADE7758 se representa en la Figura 42.

56



SENAL DE
POTENCIA

0x19999A |- —————— - 7/— ——————————————————
SERAL DE POTENCIA ACTIVA

VERDADERA = VRAMS x IRMS

VRMS xIRMS | __ f——"T\ LT\
COCCD

Pl ‘H"\

! \

00000 = v -
™ ry

CORRIENTE o R4

it) =v2 « IRMS = sinfwt) S« _ _
VOLTAJE

Y wt) =2 x VRMS » sinfw)

Figura 42. Sefal de potencia activa a plena escala en el ADE7758.

El ADE7758 realiza la integracion de la sefial de potencia activa acumulando
continuamente esta sefial en registros internos de energia de 40 bits. Los registros
WATTHR (AWATTHR, BWATTHR, o CWATTHR) representan los 16 bits mas
significativos de estos registros internos. La acumulacién discreta en el tiempo es
equivalente a la integracion en tiempo continuo. La Figura 43 muestra el esquema del
proceso empleado para el calculo de la energia activa en al ADE7758.
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Figura 43. Calculo de energia activa ADE7758

El promedio de la sefial de potencia activa es continuamente agregado al registro
interno de energia. Esta adicion es una operacién con signo. Si la energia es negativa
entonces es substraida del registro de energia activa. Los valores que se aprecian en la
figura son valores cuando las entradas de tensién y corriente son a plena escala o valores

nominales.

La potencia activa promedio es dividida entre el contenido de un registro divisor
antes de ser agregado al registro de acumulacién correspondiente WATTHR. Cuando el
valor en el registro WDIV [7:0] es 0 6 1, la potencia activa es acumulada sin division.
WDIV es un registro sin signo, de 8 bits que es ttil para aumentar el tiempo que les toma
a los registros de energia en desbordarse.

Con sefiales de entrada a plena escala el tiempo minimo que le toma a estos registros
en desbordarse depende del registro de ganancia xWATT GAIN. Cuando este registro
presenta valores de 7FFh,000h y 800h los tiempos minimos son 0.13, 0.52 y 0.79 segundos
respectivamente.

Se puede activar una interrupcién en el ADE7758 para que avise cuando un registro
de acumulacién de energia esté lleno hasta la mitad, con el fin de leerlo antes que este
registro se desborde y se pierdan los datos. Otra forma de leer estos registros es activar
el bit RSTREAD con el fin de que estos registros vuelvan a cero después de una lectura.

El periodo de muestreo en tiempo discreto para la acumulacién de energia es 0.4us
(4/CLKIN), por lo tanto, se toman 2500 kSPS (kilo muestras por segundo). Si se supone
una carga estable, el tiempo minimo que transcurre antes que los registros de energia se
desborden est4 dado por la siguiente ecuacién:
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OxFF,FFFF,FFFF
0xccccb

Tiempominimo = X 0.4 uS = 0.524 segundos

Donde OxFF,FFFF,FFFF es el valor maximo que puede almacenar el registro interno
de energia y 0xCCCCD es la méxima salida del filtro pasa bajas.

Para el calculo de la potencia activa se divide el contenido del registro de energia
entre el tiempo de acumulacién de este registro, dicho tiempo se calcula de la siguiente

forma:
Tiempoacumulacion = Tiempominimo X WDIV[7: 0]

Donde es el tiempo de acumulacién cuando el registro de ganancia es y que
corresponde a 0.52 segundos, y WDIV[7:0] es el factor de escalamiento el cual puede ser
de 255 veces maximo.

El ADE7758 también provee un pin de salida (APCF) capaz de entregar informacién
de la energia activa a través de pulsos de frecuencia, los cuales son proporcionales a la
energia activa medida.

2,54 CALCULO DE POTENCIA REACTIVA ADE7758.
La potencia reactiva promedio sobre un namero de ciclos de linea esta dada por la

siguiente expresion:

1 nT
Q= ﬁj q()dt = Vops X Irms X sina
0

Al igual que para la potencia activa, la componente DC de la sefial de potencia
reactiva instantdnea en cada fase es extraida por un filtro pasa bajas. Este proceso es

ilustrado en la figura 44. La potencia reactiva de cada fase es acumulada en el registro
correspondiente de 16 bits (AVARHR, BVARHR, CVARHR).
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Figura 44. Calculo de energia reactiva ADE7758.

La sefial de potencia reactiva es acumulada constantemente en los registros internos
de energia. Esta adiciéon es una operaciéon con signo por lo tanto energias negativas son
substraidas. La potencia activa promedio es dividida entre el contenido de un registro
divisor antes de que esta sea agregada al registro de energia con el fin de aumentar el
tiempo en el cual se desborda el registro de energia.

El pin 17 (VARCF) de ADE7758 es una salida que emite pulsos proporcionales a la
energia reactiva total.
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2.5.5 CALCULO DE POTENCIA APARENTE ADE7758.

ADE7758 usa el método de aproximacién aritmética para calcular la potencia
aparente.

VARHR[15:0]
15

3
L

MULTIPLICADOR VAG[11:0] L1 1 dwl 11

IRMS I
j@_.m:z 0 0
SERAL DE CORRIENTE RMS | +: T
OxiCB2B |- M @ ¥ IIII&'.III | N N I I |
VADIV[7 0] T
0x00
VRMS

LA POTENCIA APARTENTE ES

SENAL DE VOLTAJE RMS ACUMULADA ( INTEGRADA )
0x17F263 EN LOS REGISTROS VA-HR
ATAYAYAY
S0Hz
O !
0x1T4BALC L.
G0Hz
O |

Figura 45. Calculo de potencia aparente ADE7758.

Los valores eficaces de la tensién y la corriente son multiplicados en cada fase para
producir la potencia aparente de la correspondiente fase. La salida del multiplicador pasa
por un filtro pasa bajas para obtener la potencia aparente promedio.

A diferencia de la potencia activa y reactiva, no existen registros para compensar el
offset existente en canal de potencia aparente. Esto se debe a que la compensacién de offset
que se le hace a los registros de tension y corriente es suficiente.

El proceso para calcular la energia aparente es el mismo explicado anteriormente
para la energia activa y reactiva. El tnico aspecto diferente es el tiempo minimo de
acumulacion de energia, el cual es mayor en este caso y se muestra a continuacion:

Ox1FFFFFFFFFF
0xB9954

Tiempominimo = * 0.4us = 1.157 segundos

Donde 0xB9954 es la maxima salida del filtro.

Utilizando el registro VADIV se puede aumentar el tiempo de acumulacién de la
energia aparente en los registros respectivos.
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Ajustando el bit 7 en el registro WAVMODE se asegura que la salida de pulsos en
el pin 17 muestra informacién acerca de la potencia aparente y no de la potencia reactiva.

2.5.6 CALCULO DE CORRIENTE ADE7758.

La figura 46 muestra el proceso para calcular el valor la tensién rms por parte del
ADE7758 para una fase. El mismo procedimiento es usado para las dos fases restantes.
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O EL INTEGRADOR (51
ESTA HABILITADO)

Figura 46. Calculo de corriente ADE7758.

El filtro LPF3 extrae el promedio de la sefial de corriente al cuadrado, la sefial
resultante se suma con un registro que corrige el offset (AIRMSOS), para después extraer
la raiz cuadrada y guardar el resultado en el registro de 24 bits AIRMS.

Con las sefiales de entrada a plena escala, el conversor produce un cédigo de salida
aproximado de 1D3781h. E1 ADE7758 tiene registros capaces de remover el offset presente
en cualquiera de las fases (AIRMSOS, BIRMSOS, CIRMSOS). Un offset puede existir
debido a ruidos de entrada que son integrados en la componente DC cuando se eleva al
cuadrado la corriente.

2.5.7 CALCULO DE TENSION ADE?7758.

Con las sefiales analogas de entrada a plena escala (0.5V), el filtro LPF1 produce un
codigo de salida aproximado de +/-9,372d a 60 Hz. Posteriormente esta salida es elevada
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al cuadrado y pasa nuevamente por un filtro pasa bajas LPF3 con el fin de extraer el valor
promedio de la sefial de tensiéon. Luego es extraida la raiz cuadrada y finalmente se suma
la sefial resultante con un registro que corrige el offset que se presente en el canal de
tensiéon de cada fase. El registro xVRMSGAINS? es usado para escalar las salidas de los
conversores A/D en +/-50%.

VRMSOS[11-0]
|sau:z'e:zﬂs:214::: :2n:z?:2e
4
S S I W B A
LPF1 LPF3 [
(\ SALIDA DEL LPF |'~\_5'QHZ
SENAL DE VOLTAJE-Vt) | xlfﬂﬂz RANGO DE PALABRA | '\mnm hAAA
# G?ﬂ‘fﬂ |I \sz I'. o |
I|I 0l I', E0Hz
I"'. 0xDB63 %’ "-.Imnman A
'\B’JH‘ SALIDA DEL LPF \ -

1 RANGO DE PALABRA
\MN-B
ael)
(x[:BER

Figura 47. Céalculo de tension ADE7758.

El error tipico en la medicién de la tension RMS es de 0.5% y esta medicién tiene un
ancho de banda de 260Hz.

2.5.8 INTERRUPCIONES.

Las interrupciones en el ADE7758 son manejadas a través del registro de estado de
interrupcion, (STATUS [23:0], direccién 19h) y del registro mascara de interrupciéon
(MASK [23:0], direccién 18h). Cuando un evento de interrupcién ocurre en el ADE7758,
la bandera correspondiente en el registro estado de interrupcién cambia a 1 16gico. Si el
bit de mascara para esta interrupcién es un 1 16gico, entonces la salida logica pasa a activa
bajo. Para determinar la fuente de la interrupcion, el microcontrolador debe realizar una
lectura del registro RSTATUS. Después de realizada la lectura del registro la salida vuelve
a su estado normal activo alto.

8 “x” hace referencia alafase A, Bo C.
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26 ESQUEMAS ELECTRICOS

ga50 #X  PS2501-1

TO SPI BUS

CT TURN RATIO 1800:1
CHANNEL 2 GAIN = +1

04443.034

Figura 48 Esquema bésico de conexién IC Medidor de Energia ADE7758.

Con lo ya expuestos del sistema de multiplexores en la Seccioén 2.3, y lo detallado en el
esquema basico de conexién para el circuito medidor de energia del fabricante Analog
Devices ADE7758 en la Seccién 2.4 el cual podemos ver en la Figura 48 y lo mostrado de
la comunicacién SPI para el ADE7758 en la Seccién 2.5, se presentan a continuacion los
esquemas eléctricos.
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Figura 49. Etapa de Multiplexado de sefiales de corriente.

En la Figura 49 observamos la Etapa de multiplexado para las sefiales de corriente
provenientes de los sensores de corrientes expuestos en la seccién 2.1, podemos observar
3 circuitos multiplexores de los 6 disponibles, cada multiplexor representa una fase de
corriente, para cada uno de ellos se ha elegido el circuito integrado 74HC4051, el cual se
eligi6é por su excelentes caracteristicas de multiplexados de sefales analégicas y digitales
, este se muestra en la Figura 50.

65



VEE@®
@UEE UcC@®
@ucc ., GND@®

@6Ds. . YO@
@z =~ Tve

@S0=  [°Y2®
@s1 = Evan
@S2™— T Y4@
@ " v5@
Y6 @
7@

Figura 50. Circuito Integrado 74HC4051.

El sistema de multiplexado similar al de la Figura 49 , es utilizado para las sefiales de
voltaje , dichas sefiales provienen de los divisores de tension expuestos en la Seccién 2.2.2,
en el proceso de multiplexado de las 36 sefiales de entrada se obtienen 6 salidas de ellas
por todo el circuito de multiplexado una por cada fase de voltaje y corriente, los cuales
son enviadas ala entrada de sefiales del circuito integrado medidor de energia ADE7758,
este procesa las sefiales y entrega los resultados a través de la comunicacién SPI que es
enviada al Arduino que el cual posee el mismo protocolo de comunicacién denominado
Chip to Chip, los datos son extraidos desde la plataforma Arduino IDE, instalado en
Raspbian (sistema operativo basado en Linux , para hardware Raspberry Pi) utilizando
el puerto USB, siendo presentados dichos datos en una interfaz gréfica desarrollada con
el interprete Python. Lo descrito se presenta en el esquema eléctrico en la Figura 51.
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2.7

Para el disefio de los circuitos PCB o comtnmente llamados Tarjetas de Circuitos
impresos se utiliza la herramienta EasyEDA el cual brinda el servicio de fabricacion de
mayor calidad, con bajo costo de produccién, pero con costos de envio a considerar, ya

que estos son fabricados en China.

EasyEDA es una herramienta gratuita, que no requiere instalacién y es una aplicacién
basada en la nube, disefiada para proporcionar a ingenieros electrénicos, educadores,
estudiantes de ingenieria y aficionados a la electronica una experiencia sencilla. Permite

DISENO DE CIRCUITOS PCB CON EASY EDA.

un sencillo disefio de circuitos, simulacién y disefio de PCB desde su navegador.

A continuacién, se describe las funcionalidades de la herramienta EasyEDA.

2.7.1 DISENO DE ESQUEMAS.

Se pueden dibujar esquemas rapidamente en el navegador usando las bibliotecas
disponibles, este posee la ventaja que se va actualizando los dispositivos acorde a como

la tecnologia de fabricacion de circuitos integrados va en crecimiento.
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Figura 52. EasyEDA Layout.
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2.7.2 SIMULADOR DE CIRCUITOS.

Podemos verificar mediante la simulacién para circuitos analégicos, digitales y de sefial
mixta con subcircuitos y modelos spice, tal como podemos observar en la Figura 53.
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Figura 53. Desarrollo de circuitos esquemaéticos para su simulacién en linea.

2.7.3 DISENO DE TARJETAS DE CIRCUITOS IMPRESOS (PCB) EN LINEA.

Podemos disefiar facilmente con esta herramienta, circuitos de una o dos capas. El sistema
es muy estable, fiable y facil de aprender. El interfaz de usuario es muy agradable y de
respuesta 4agil. EasyEDA tiene una amplia biblioteca de miles de componentes
electrénicos (tanto de circuitos y circuitos impresos como para modelado), y decenas de
miles de ejemplos de esquemas. Cualquiera puede usar esa biblioteca y ampliarla.
También se pueden importar disefios existentes hechos en Altium, Eagle y KiCad y
editarlos en EasyEDA.
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Figura 54. Disefio de PCB utilizando Easy EDA.

Ademas, otra caracteristica destacada es que los usuarios tienen acceso a médulos Open
Source desarrollados por miles de ingenieros electrénicos.

2.74 DESARROLLO DE PROYECTOS EN EASYEDA.

Ingresaremos a EasyEDA con el correo de Google dando clic en login, si eres un usuario
nuevo daremos clic en Register y sigue los pasos que se te piden para crear la cuenta.

@ EosyEDA - Simulador de circuito: X |+ - X

&€ 3 C @ easyedacom/es % 0O :

G Google B YouTube CORREO DOWNLOAD TESIS G TRADUCTOR

@ EasyEDA Products ~ Pricing Services ~ Resources ~ Help ~ Q @ ~ Login | Register

Una experiencia EDA mas
facil

1,011,258 Engineers Chose EasyEDA for 3,125,1544i

‘We use cookies o offer you a better experience. Detailed information on the use of cookies on this website is provided in our Privacy Policy. By using this
site, you consent to the use of our cookies.

Figura 55. Pagina de inicio de EasyEDA.
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Figura 56. Registro de EasyEDA.

En la Figura se muestra los proyectos desarrollados o que se estan desarrollando.
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Figura 57. Proyectos en EasyEDA.
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Iniciamos un nuevo proyecto llevaremos el puntero a Product se desplegard un menq,

clic en online Editor, se nos abrird una nueva pestafia en la que trabajaremos.

All Projects - EasyEDA x  +

< c

i Aplicaciones (& Google @ YouTube CORREO

@ easyeda.com/account/user/projects/all
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P
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28,
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2 All Projects (7)

DOWNLOAD

Tesis & TRADUCTOR tareas

@ Product v Pricing Service v Resource v Help v EasyEDA Designer

All Projects (7)

Private Public

ns

Figura 58. Proyecto EasyEda.

Comencemos a hacer nuestro diagrama esquematico con EasyEDA.
Para comenzar con el esquema en EasyEDA, necesitamos tener nuestro panel de

esquema. Para hacer esto, haga clic en el icono "carpeta", haga clic en "Nuevo" y podra

ver que hay muchas opciones sobre qué proyecto desea hacer. Haga clic en "esquema"

para continuar con el panel de esquema.
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Figura 59. Inicio de nuevo proyecto en EasyEDA.
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Para comenzar con la adicion de componentes, haga clic en el botén "EElib" y obtendra
los componentes con su simbolo esquematico. Si no desea desplazarse uno por uno por
el componente para ver qué busca, puede filtrar la categoria que busca en el cuadro de
filtro. Si tiene dificultades para encontrar el componente, simplemente haga clic en el
botén "partes" y busque todos los componentes disponibles.

Filter

Project

Supply Flag
3= L vcC
Design GND T
Manager

USs Style
:_:F =N e %

'
: +L
e T

i

Libraries

Figura 60. Elementos fundamentales en la plataforma de EasyEDA.

Podemos organizar los componentes y reemplazar los valores de sus componentes. Para
cambiar los valores, se hace doble clic en el valor e se ingresa nuevamente el valor
deseado.

A continuacién, un ejemplo para agregar un componente:

Hacer clic en EElib para mostrar los componentes. Hacer clic en la resistencia de EElib y
hacer clic en el panel esquemaético para agregar resistencia.
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Figura 61. Adicion de componentes.

Si no puedo encontrar el circuito integrado en la libreria EElib. Se busca el componente

en el botén "partes" y en la barra de btisqueda se coloca el elemento a buscar y veran los

resultados disponibles. Se muestran muchas opciones, se elige una que corresponda al

circuito deseado y se hace clic en el panel esquematico.
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Figura 62. Buscando circuitos integrados.
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Wiring Tools —
e = N\
M = <~
5 T

Figura 63. Herramientas de cableado.

Wire.

Hay tres formas de ingresar al modo de cable en EasyEDA. Haga clic en el botén Cablear
de la paleta Herramientas de cableado. Presione la tecla de acceso rapido W. Haga clic en
el extremo de un pin de componente (donde aparece el punto de pin gris si selecciona el
componente):

Bus.
Cuando disefie un esquema profesional, tal vez usard muchos cables. Si realiza el
cableado uno por uno, se desperdiciard mucho tiempo y luego debera usar el Bus

NetLabel.

Se utiliza usar para dar nombres a sus cables para ayudarlo a encontrarlos e identificar
cualquier conexién incorrecta. Puede encontrar NetLabel en la paleta Herramientas de
cableado o utilizando la tecla de acceso rdpido N. Al seleccionar la etiqueta de red,
encontrara sus atributos en el panel de propiedades de la derecha:

NetFlag.

NetFlag es lo mismo que NetLabel, puede encontrar el NetFlag en la paleta Herramientas
de cableado o utilizando las teclas de acceso rapido Ctrl + G para GND o Ctrl + Q para
VCC. También puede cambiar su nombre, por ejemplo, de VCC a VDD:

NetPort.
En EasyEDA, Net Port funciona como Net Label, no diferencia el puerto neto de entrada
y salida. Cuando no desee enrutar demasiados cables.
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No Connect Flag.

Puede encontrar el indicador NO Connect a través de la herramienta de cableado En el

siguiente esquema, si no agrega un indicador NO Connect, hay un indicador de error en
la coleccion de redes del administrador de disefio.

Voltaje Prueba.

EasyEDA proporciona una funcién de simulacion para el esquema. Después de que se

ejecute la simulacién, vera la forma de onda donde colocé las sondas de voltaje en el
circuito.

Pin.

Cuando crea un nuevo simbolo en lib esquemaético y esquematico, debe usar Pin para

crear pines para el nuevo simbolo; de lo contrario, su simbolo no se puede conectar con
cables.

Group/Ungroup.
En la paleta Herramientas de cableado estd el botén Agrupar o Desagrupar simbolo.

El esquemético de un ejemplo se muestra en la Figura 64 a continuacion.
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Figura 64. Ejemplo de un esquematico en EasyEDA.
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Daremos un clic en convert to pcb.

©
<

270% ~  Ix = A_ft - oM PPl L Y

Update PCB

Figura 65. Disefio de esquematico con las herramientas de EasyEDA.

El disefio de PCB debe convertirse del esquema. Ahora, hay una nueva pestafia y un
nuevo conjunto de herramientas para dibujar la PCB.

Hay dos dispositivos, uno son las herramientas de PCB y el otro es para capas de PCB. El
icono de lapiz al lado de la capa significa que esta es la capa utilizada actualmente para
la herramienta utilizada activa (cable, texto, etc.). Al presionar el botén de engranaje,
puede cambiar el color de la capa y habilitar o deshabilitar algunas capas adicionales.

Se nos mostrara la siguiente ventana, aqui trabajaremos dentro del cuadro de color
morado ordenaremos los elementos del circuito.
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Figura 66. Layout de trabajo PCB en EasyEDA.
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Lo primero que debe hacer después de crear la PCB es hacer la colocacién correcta para
los componentes. Para este propésito, una practica herramienta llamada "Sonda cruzada"
toma las mismas partes seleccionadas del esquema y las coloca de la misma manera que
el esquema en el editor de PCB. Vea esta caracteristica en accién en el registro adjunto.
Después de la colocacion de los componentes, comienza el paso de dibujar trazas.

Notas importantes:

Recuerde siempre después de realizar cualquier cambio en el esquema para actualizar la
PCB. Las modificaciones en el esquema no se convierten a PCB sin la solicitud de
actualizacion del usuario.

2- Como dijimos anteriormente, recuerde guardar su disefio. Los cambios no se guardan
automaticamente.
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Figura 67. Herramienta Autoruter de EasyEDA.

Autorouter.

Aligual que cualquier otra herramienta de enrutador automatico, debe establecer alguna
configuracion antes de la etapa de enrutamiento y luego ejecutarla.

Tiene dos opciones para usar el enrutador automaético en linea o descargar la herramienta
en su PC.

78



R R T R

oo

Differential Pair Routing...

3500

Track Length Tuning...
TR |

Ewag e waraes e aspareenes

Figura 68. Menu AutoRouter.
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Figura 69. Ment seleccion de doble cara y dimensiones.
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Figura 70. Finalizaciéon del PCB.
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El mercado de la electrénica tiende a proporcionar soluciones integrales. Con esta

herramienta se pueden solicitar la lista de materiales y fabricar el PCB por un socio o una

compafiia hermana. EasyEDA forma parte de otro grupo compuesto por un distribuidor
de piezas electrénicas llamado LCSC y una fabrica de PCB llamada JLCPCB.
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Figura 71. Pedido del PCB.
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Con un clic puede solicitar la lista de materiales de LCSC. Ademas, cuando agrega una
parte a su disefio, puede agregar partes que ya estan disponibles en el stock de LCSC, que

es una caracteristica muy ttil.

LU A SEERO A

zenerate Fabrication File(Gerber)

e

Figura 72. Archivo Gerber.

Ademas, cuando desee generar el archivo Gerber desde el editor de disefio. Se abrira una
nueva pestafia del navegador para descargar los archivos Gerber y ofrecerle la fabricaciéon
de la PCB utilizando el servicio JLCPCB con una herramienta de cotizacién muy ttil.

Tienen una oferta interesante y econémica llamada "Gran caida de precios". Por $ 2 puede
obtener 10 piezas para PCB con 2 capas y con tamanfos inferiores a 10 cm x 10 cm. Si esta
interesado en como realizar un pedido en JLCPCB, puede consultar esta guia.
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Figura 73. Seleccion de caracteristicas de la PCB para su fabricacion.

El intercambio, las colaboraciones y los sistemas de control de versiones son
caracteristicas fundamentales para herramientas en la nube como EasyEDA. Primero,
puede agregar otro miembro para ver o editar el proyecto. Puede ver en la imagen a
continuacién como se agregd un usuario con permiso de lectura y escritura. En segundo
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lugar, EasyEDA te permite crear equipos. Cada equipo tiene miembros y proyectos.
Después de crear el equipo, invita a los miembros a él. Para mostrar y editar los proyectos
del equipo, primero debe cambiar al perfil de su equipo. Tercero, un sistema de control
de versiones simple. Donde una lista completa de versiones de su comprometido
(guardado) cambia a su proyecto. Ademas, puede bifurcar los proyectos ptiblicos de otros
usuarios. Serfa bueno si esta lista tiene informacién adicional como el nombre del
modificador (en caso de uso del equipo). Ademads, puede elegir entre las propiedades del
proyecto para hacer que su proyecto sea publico o privado y seleccionar la licencia
adecuada y el estado actual del proyecto (en progreso - completado).

2.8 DISENO Y CONSTRUCCION DE ENVOLVENTE PARA MEDIDOR
TRIFASICO MULTIPLEXADO.

Se utilizard un gabinete metdlico ARGOS con las siguientes dimensiones
600x400x200mm, adentro se instalara las tarjetas electrénicas de instrumentaciéon y
control.

Figura 74. Gabinete metélico, medidor trifasico.

El gabinete consta de una longitud de largo de 600mm, utilizaremos 100mm para cada
medidor en total 6 medidores, con una profundidad de 200mm aqui se distribuira la
borneras como se muestra en la figura.
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Figura 75. Dimensiones de la distribucién de un medidor.

Se realizara una cuadricula internamente con las medidas de la figura anterior para
realizar la distribucién, utilizaremos regla y un marcador para realizar la cuadricula se
utilizard un centro punto y un martillo para marcar las perforaciones, utilizaremos una
broca de la misma dimensién que el aislante de la bornera.

Figura 76. Conector tipo hembra bornera banana 1.9x1.1x1.5cm.
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A continuacién, se muestra como quedara finalizado el ensamble del equipo en el area

frontal.
MEDIDOR 01 | MEDIDOR 02 MEDIDOR 03 MEDIDOR 04 | MEDIDOR 05 MEDIDOR 06
A a A a A a A a A a A a
® L L] [ ] L] ® ® [ ] L ® [ ] L]
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Figura 77. Disefio final de envolvente para medidor trifasico.

Para el circuito de voltaje se ha utilizado cable blindado se ha soldado a las borneras y al
circuito dichos cables se han sujetado con chinchas plasticas sujetas al gabinete, se ha
utilizado cable con blindaje por los campos magnéticos y agrupados por medidor.

Figura 78. Cable blindado.

Los transformadores de corriente se conectan a un cable numero 14 THHN, el cable esta
conectado en la borneras de alimentaciéon y la de carga por un conector de ojo ntimero
14-16 de color amarillo el cable esta doblado para encajar en las borneras y sostener el
transformador de corriente, el cable de los transformadores de corriente esta ordenados
con bases adhesivas y chinchas plasticas, colocadas lateralmente y unidas por medidor.
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Figura 79. Transformador de corriente.

Diagrama esquematico de la distribucién interna, este diagrama muestra la ubicacién de

los circuitos dentro del gabinete y también el rectdngulo de color gris corresponde al

gabinete de la computadora para obtener aislamiento magnético de la cantidad de

transformadores, las flechas indican la comunicacion entra las tarjetas y la obtenciéon de

las mediciones.

FUENTE
CIRCUITO CIRCUITO DE
N DE DE ALMENTACION
CORRIENTE VOLTAIE
vy yY 5Vdc
Fa® ] F Y
Pequena ¢
senal CIRCUITO RASPBERRY
DE - ARS::;ND - Pl
ADE7758 SPI Serial 3B+

TRANSFORMADORES DE CORRIENTE

]
BORNERAS

Figura 80. Diagrama esquematico de la distribucion interna.
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Se a utilizado un gabinete de computadora Dell Optiplex para un mayor aislamiento de
los campos magnéticos para evitar ruido y tener lecturas erréneas, dentro de este se
encuentra los circuitos de corriente, circuito de voltaje, circuito del ADE7758 y el
Arduino.

Figura 81. Gabinete Dell Optiplex reciclado.
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3 DISENO E IMPLEMENTACION DE INTERFAZ GRAFICA DE USUARIO DE
EL EQUIPO PARA MEDICION.

31 INTRODUCCION.

En este capitulo se analiza con detalle el disefio e implementaciéon de la etapa de
interfaz gréfica de usuario, la cual ha desarrollada para llevar a cabo el proceso para la
adquisicion y presentaciéon de datos que provienen del circuito medidor de energia
ADE7758.

Se presenta cada etapa del disefio en el diagrama de bloque de la Figura 23.

A continuacién, se presentan las etapas con las que se ha efectuado el disefio e
implementacion del equipo.

» Adquisicién de sefiales para cada medicion, las cuales son recibidas a través de la
comunicacién SPI (Serial Peripheral Interface) utilizando la tarjeta Arduino Mega.

> Instalaciéon de software de Arduino (Arduino IDE) en el sistema operativo
Raspbian de la Raspberry Pi 3.

> Desarrollo de interfaz gréfica de usuario con el intérprete Python, utilizando la
libreria Tk Inter.
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Figura 82. Diagrama en bloques de la interfaz grafica.

3.2 ARDUINO MEGA, COMO TRANSMISOR/RECEPTOR SPI.
3.21 ARDUINO.

La plataforma Arduino pertenece al concepto de hardware y software libre y esta abierto
para su uso y contribuciéon para una diversidad de aplicaciones de aporte a nuestra
sociedad. Arduino como tal es una plataforma de prototipos electrénicos, creado en
Italia, que consiste basicamente en una placa microcontrolador, con un lenguaje de
programacioén en un entorno de desarrollo que soporta la entrada y salida de datos y
sefiales.

Este proyecto fue desarrollado en el afio 2005 con el objetivo de servir como base para
proyectos de bajo coste y es lo suficientemente simple para ser utilizado por los
desarrolladores. Este es una plataforma de computadora fisica (sistemas digitales
conectados a sensores y actuadores, que permiten construir sistemas que perciben la
realidad y responden con acciones fisicas), dicho dispositivo estd basado en un simple
PCB (Printed Circuit Board) que contienen un microcontrolador de entradas y salidas y
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desarrollado sobre una biblioteca que simplifica la escritura de la escritura de la
programacién en C/C++.

3211 HARDWARE ARDUINO.

Tal como se hacia mencién la placa Arduino contiene un microcontrolador (también
denominado MCU), este es un sistema de computo que contiene procesador, memoria y
periféricos de entrada/salida. A diferencia de los microprocesadores de propdsito
general (como los utilizados en las computadoras), el microcontrolador puede ser
programado para funciones especificas, estos son embarcados en el interior de algtn
dispositivo, en nuestro caso Arduino, para que puedan controlar sus funciones o

acciones.

Arduino estd basado en un microcontrolador (Atmega) y de esta forma se puede
programar légicamente, esto permite la creacién de programas utilizando un lenguaje
propio basado en C/C++, que, cuando se implementan hacen que el hardware ejecute
ciertas acciones, asi de esta manera, estamos configurando la etapa de procesamiento.

Teniendo los dispositivos de desarrollo , este es capaz de interpretar variables fisicas en
el entorno y transformarlas en las sefiales eléctricas correspondientes a través de sensores
conectados a sus terminales de entrada y actuar sobre el control o accionamiento de otro
elemento electrénico conectado a la/las terminales de salida, lo cual le amerita a como
una herramienta de control de entrada y salida de datos , que puede ser accionada por
un sensor y que, después de pasar un etapa de procesamiento, el microcontrolador,
podra accionar un actuador.

Los microcontroladores que tiene las placas de Arduino mas usados por su sencillez y
bajo coste que permiten el desarrollo de maltiples disefios son:

- Atmegal68

- Atmega328

- Atmegal280

- ATmega8
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Arduino también se usa también con microcontroladores CortexM3 ARM de 32 bits

ARM y AVR no son plataformas compatibles a nivel binario, pero se pueden programar
con el mismo IDE de Arduino.

- Los microcontroladores CortexM3 usan 3.3V.

- Lamayoria de las placas con AVR generalmente usan 5V.

3.21.2 MODELOS DE ARDUINOS.

Hay muchos tipos de Arduino que se pueden utilizar dependiendo de los que se quiera
hacer, con diferentes formas y configuraciones de hardware.

El Arduino Uno es el mas utilizado pero el Arduino Mega (el cual hemos utilizado para
nuestro desarrollo del medidor de energia), tiene mas puertos de entrada, posibilitando
la creacion de sistemas mas grandes y complejos.

El Arduino Nano, como el nombre dice, es una version abreviada de un Arduino comun,
para la creacién de objetos de electronica mas pequena. A continuacion, en la Figura 83,
Figura 84 y Figura 85, se observan los modelos de Arduino mencionados.

Figura 83. Arduino Uno.
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Figura 85. Arduino Nano.
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3.3 INSTALAR RASPBIAN EN RASPBERRY PI 3 B+.

Iniciaremos en nuestro navegador web en la siguiente  direccion
https:/ /www.raspberrypi.org/ daremos un clic en “Downloads”.

‘ Blog Community Help Forums Education % Q
| p |

Raspberry Pi

A small and affordable
computer that you can
use to learn
programming

Buy a Raspberry Pi

Buy for business >
NANNANNANANAN

Our mission is to put the power of computing and digital
making into the hands of people all over the world. About us

People are doing incredible things with Raspberry Pi every day. '
Here's the latest from our blog:

Figura 86. Pagina oficial de Raspberry Pi.

Nos mostrara la siguiente pagina web, nos muestran dos formas de instalar Raspbian,
una es la version a instalar por defecto la cual es “RASPBIAN” pero nos puede mostrar
ciertos conflictos, como librerias corruptas las cuales hay que recompilar.

' Blog Downloads Community Help Forums Education % Q

R suv
DOWNLOADS

Raspbian is our official operating system for all models of the Raspberry Pi
Download it here, or use NOOBS, our easy installer for Raspbian and mare

NOOBS RASPBIAN

Figura 87. Pagina de descarga de Raspbian.
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La otra forma de instalar raspbian es por medio de “NOOBS”, la cual realizamos
nosotros, daremos un click en NOOBS y se nos mostrara la siguiente pagina web.
Descargaremos NOOBS LITE, daremos un clic en DOWNLOAD ZIP.

NOOBS is an easy operating system installer which contains Raspbian and
LibreELEC. It also provides a selection of alternative operating systems which are
then downloaded from the internet and installed

NOOBS Lite contains the same operating system installer without Raspbian pre-
loaded. It provides the same operating system selection menu allowing Raspbian
and other images to be downloaded and installed

NOOBS NOOBS LITE

Offline and network install Network install only

rsion 3.0

ease date: 2018-11-1§ Release date: 2018-11-16

Rell
[P Download Torrent | ) Download ZIP [ Download Torrent | ) Download ZIP
A-256: 9d0637e2887efchEEcaf2deeb3f2TbacIbT539d9£333fbbTEA961d8 256 7c23568142claf017beBfasb27737c11af£61009d9d6d53e8Te013c

Figura 88. Archivos a descargar para la instalaciéon de Raspbian.

Extraeremos los ficheros de la carpeta comprimida como se muestra a continuacion.

Mombre Fecha de modifica.. Tipo Tamafic
MOOBS lite w2 8 6/9/2018 0217 Carpeta de archivos
MOOBE lite_wv2_& 6/9/2018 02:14 Carpeta comprimi.. 34033 KB

Figura 89. Extraccion de los ficheros de Raspbian.

Utilizaremos una microSD, se recomienda utilizar una SanDisk Ultra Clasel0 como se
muestra en la Figura 82, colocaremos la microSD en la PC, formatearemos la microSD.
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Figura 90. Micro SD SanDisk Ultra.

Copiaremos todos los archivos que extraemos del archivo zip y los pegaremos en la
microSD.

Mambre Fecha de modifica..  Tipo Tamafic

defaults Carpeta de archivos

os Carpeta de archivos

overlays Carpeta de archivos
D bem2708-rpi-0-w.dth Archivo DTB 22 KB
D bem2708-rpi-b.dth Archivo OTB 22 KB
D bem2708-rpi-b-plus.dtb Archivo OTB 22 KB
D bem2708-rpi-cm.dth Archivo OTB 21 KB
D bem2709-rpi-2-b.dtb Archivo DTE 23 KB
D bem2T10-rpi-3-b.dtb Archivo DTB 24 KB
D bem2710-rpi-3-b-plus.dth Archivo DTE 24 KB
D bem2710-rpi-cm3.dtb Archivo DTE 23 KB
D bootcode.bin Archivo BIM S1KB
D BUILD-DATA Archivo 1KB
Q{ INSTRUCTIOMNS-README Archivo TXT 3KB
D recovery.cmdline Archivo CMDLINE 1KB
D recovery.elf Archivo ELF 638 KB
D recovery Archivo de image... 2918 KB
D recovery.rfs Archiva RFS 27,856 KB
D RECOVERY_FILES_DO_MOT_EDIT Archivo 0 KB
D recovery’ Archivo de image... 2,981 KB
D riscos-boot.bin Archiva BIM 10KB

Figura 91. Archivos Raspberry Pi.

Colocaremos la microSD en la Raspberry Pi 3 B+ también colocaremos los demas
periféricos como es el teclado, ratén, el cable HDMI para el monitor, se recomienda
conectar el cable de internet RJ45 para la instalacién y conectaremos la alimentacién de la
Raspberry Pi.
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Figura 92. Raspberry Pi.

Al iniciar aparece un ment con los distintos sistemas operativos disponibles. Elegimos el
sistema que queremos y pulsamos la tecla ‘I" para instalarlo.

NOOBRS 1,0 - Bullt: Mar 18 2016

e R ..

Wl rtwarks fmd  nling help (h]

Rsspibisn [RECOMMENDED]

A commanity-¢ reated port of Deblan jedie for the Raspherry P

#0 LibreeLEc_mpa 1
" LibreELEC i & fast and uderdriendly Kodi Entertamment Center d stribution #

Rasphbian Lite 1

A community-Creatad port of Debian jesde for the Raspberry Pi (mnimal '.rerﬁrl

== Data Fastition . 1

Addls an emply S12MB axtd 1hﬁérhﬂdm i the partition Myodt & |

|

O5ME_P2 |

A Past and Peature flled opan Sounte imedia Conter F 4 |

= Windows 10 laT Core ‘

Windows for devices. Enables you to bulld projects and apps o |

| alv]

Disk: space

Nosded: O MB
dvailable: 6136 MO

Figura 93. Instalacién de Raspbian.

Esperamos pacientemente mientras Noobs instala el sistema operativo seleccionado en la
tarjeta de memoria.
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Raspblarn: Extracting flesystom

0 MB of 3537 MB writben {0U0 MEfse)

Figura 94. Proceso de instalacion.

Una vez finalizado el proceso, hacemos click en el botén para reiniciar Raspberry Pi.

O5{es) installed

\j‘i) OS{ed) nataled Succesifully

For recowery mde, hold

Figura 95. Finalizacion de la instalacion.

Raspberry Pi se reinicia y ejecutara el sistema operativo instalado y jya podemos empezar
a jugar con nuestra Raspberry Pi.
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Figura 96. Escritorio de Raspbian.
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34 INSTALACION DE ARDUINO IDE EN RASPBIAN.

Pasos para instalar Arduino IDE en Raspbian, utilizaremos nuestro navegador web,
iremos a la siguiente direccion web https://www.arduino.cc/, daremos un clic en
SOFTWARE, se desplegard un mend y daremos un clicen DOWNLOADS.

Q @ SsiGNIN

ARDUINO HOME STORE SOFTWARE EDUCATION RESOURCES COMMUNITY HELP

WHAT IS ARDUINO?

> ARDUINO

) > WEB EDITOR

> CODE ONLINE!

KEYBOARD DAMPENER
PROTOTYPE AIMS TO REDUCE
TYPING INJURIES

Figura 97. Pagina oficial de Arduino.

Damos un clic en Linux ARM y se iniciara una descarga del archivo arduino-1.8.7-r1-
linuxarm.tar.xz se descomprime el archivo.

Download the Arduino |IDE

Windows installer, for Windows XP and up
Windows zip file for non admin install

ARDUINO 1.8.7 Windows app Requires Win 81 or 10

The open-source Arduing Software (|IDE) makes it sasy o Get Sa
write codes ana upload it to the board. It runs on

Windows, Mac 05 X, and Linux. The environment is

o : - Mac 05 X 10.8 Mountain Lion or newer
writien in Java and based on Procsssing and ofher open-
source software.

This softwars can be used with any Arduino board. Linux 32 oits
Refer to tne Getting Started page for Installation Linux 64 bits

instructions. Linux ArMm

Release Notes
Source Code
Checksums (sha512)

Figura 98. Archivo a descargar.
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https://www.arduino.cc/

En la terminal buscamos la carpeta creada por el archivo ingresos a la carpeta y
ejecutamos un archivo install.sh

& @ 1 % @ E[p:@raspbmypl'~ﬁe |Z# ProyectoTesis02.py {

Archivo Editar Wer Sort Ir Heramientas
M | SS|@fEE 55 (81 & <P |fhomeipiDownloads

Downloads

3 3 @
o [ ] bin
- __l boot arduino-1.8. arduino-1.8.
- 7 7-11-

+ ] debaotstrap linuzarm.t..
5[] dev
5 [ etc
=[] home

- [@]pi

7 [ Arduina

Figura 99. Ejecutamos en la terminal el comando.

Ejecutamos en la terminal sudo ./install.sh

35 PYTHON INTERFAZ GRAFICA DE USUARIO.

Arduino Comunicaciéon SPI ADE7758.

Para iniciar el programa principal de Arduino necesitamos utilizar librerias propias de
Arduino y otra disefia especialmente para el ADE7758.

ADETT58.h

J/LIBRERIZ ADETTSE
#ifndef ADETT758 h
#define ADETTEE h

$#include "Arduinoc.h"

Figura 100. Libreria del ADE7758.

[ T R s

El archivo .h o header
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El header (cabecera) o archivo .h, es el archivo que representara a la libreria cuando
la integremos. En él se colocan declaraciones, pero no el c6digo en si mismo. En nuestro
caso el archivo se llamara ADE7758.h.

#define: sirve para definir macros. Las macros suministran un sistema para la sustitucion
de palabras, con y sin pardmetros.

#ifndef: Esta directiva permiten comprobar si un identificador estd o no actualmente
definido, es decir, si un #define ha sido previamente procesado para el identificador y si
sigue definido.

Esto evita problemas si alguien accidentalmente incluye dos veces la libreria, lo que
provocaria un error de compilacion. A esto se llama guardian de inclusion maltiple.

En el fichero de cabecera de una libreria es necesario la declaraciéon #include que de
acceso a los tipos y constantes estdndar del lenguaje de Arduino Esta declaracion debe
ponerse antes de la definicion de la clase (#include ” Arduio.h”).

$define AWATTHE 0Ox01
$define BWATTHER 0Ox02
$define CWATTHE 0Ox03

Figura 101. Definicién de parametros.

Definimos unas constantes con valores hexadecimales, las cuales las utilizamos para
establecer comunicacién con el ADE7758.
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lleE class ADETTSE|

117 rublic:

118 LDETTSE (int C5);

114 void begin();

120 long getVBRMS (char phase);
121 long getIBMS (char phase);
122 long getPwatt (char phase);
123 long getQwvar (char phase);
124 long getSva(char phase);

12:C long getFH=z (char phase);

12 unsigned char readBbits(char reqg);
128 unsigned int readlébits(char reg);
129 unsigned long read24bits (char reqg);
i ~oT

fESCRITUERR

131 void write8 (char reg, unsigned char data);

132 viold writelé6 (char reg, unsigned int data);
133 void write24 {char req, unsigned long data);
135 private

1 int C5;

Figura 102. Clase de la libreria del ADE7758.

Class: sirve para definir una clase y para declarar objetos de esa clase.

Public: Cualquier miembro ptblico de una clase es accesible desde cualquier parte donde
sea accesible el propio objeto, declaramos funciones publicas para la lectura de las
mediciones.

Private: Los miembros privados de una clase s6lo son accesibles por los propios
miembros de la clase y en general por objetos de la misma clase, pero no desde funciones
externas o desde funciones de clases derivadas.

Archivo principal CPP.

Usualmente a todo archivo de cabecera .h lo acompafia un archivo de cédigo que puede
tener la extencion .c o .cpp. Es una buena practica tener un archivo con el mismo nombre
que la cabecera y por lo tanto el nuestro se llamard ADE7758.cpp, y su c6digo se verd asi:
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ADETT58_SPI ADETTA3.cpp ADETT58.h
1 #include "Arduino.h"
2 |#include <SPI.h>
#include "ADETTSE.R"
4 #include <avr/wdt.h>
5 #include <math.h>
/S /PIN CHIF SELECT
CERDETTS8: :RDETTSE (int CS){
g Cs = Cs;

Figura 103. Constructor de la clase.

#include “ Arduino.h”: Una declaracién que le da acceso a los tipos y constantes estandar
del lenguaje Arduino.

#include <SPL.h>: Esta biblioteca le permite comunicarse con dispositivos SPI, con el
Arduino como dispositivo maestro y esclavo.

#include “ADE7758.h”: Libreria que se utiliza para la comunicacion SPI con el ADE7758,
previamente explicada.

#include <avr/wdt.h>: Este archivo de encabezado declara la interfaz a algunas macros
en linea que manejan el temporizador de vigilancia presente en muchos dispositivos
AVR. Para evitar que la configuraciéon del temporizador de vigilancia se altere
accidentalmente por una aplicacién que falla, se requiere una secuencia temporizada
especial para cambiarla. Las macros dentro de este archivo de encabezado manejan la
secuencia requerida automdticamente antes de cambiar cualquier valor. Las
interrupciones se desactivaran durante la manipulacion.

Lo siguiente es poner el constructor de la clase. Esto define que ocurre cuando se crea una
instancia de la clase. En este caso especificamos cual es el pin que se va a usar y los
guardamos en una variable privada para usarlo desde otras funciones.

Resoluciéon de ambito: El “::”es llamado el operador de resolucion de ambito.
Esencialmente le dice al compilador que esta version de “begin()” pertenece a la clase
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ADE7758. Dicho de otra forma, :: declara que “begin()” se encuentra en el ambito de
ADE7758. Varias clases diferentes pueden usar los mismos nombres de funciéon. El
compilador sabe cudl funcién pertenece a cual clase y esto es posible por el operador de
resoluciéon de ambito y el nombre de la clase.

118 wvoid ADETTS8: thegin() {

12 J/DEFINC PIN C5 COMO SALIDR
13 pinMode (C5, OUTPUT) ;

14 f/DESACTIVO RDETT58

15 digitalWrite (CS,HIGH);

1& J/MODD DE COMUNICARCION

17 SPI.setDataMode (SPI_MODEZ) ;
18 //FRECUENCIA DEL EELOJ

14 SPI.setClockDivider {SPI_CLOCKE DIV3Z);
2 / /M5B PRIMERD

21 SPI.setBitOrder (MSBFIRST);
22 FJINICIALIZO SPI

23 aPZ.L::_"{];

24 delay(10);

Figura 104. Configuracién inicial del ADE7758 desde Arduino.

myADE.begin: establece la configuraciéon bésica para la comunicacion SPI entre el
Arduino y el ADE7758.

pinMode configura el pin especificado para que se comporte como una entrada o una
salida. pinMode(CS,OUTPUT) define el pin chip select como salida.

digitalWrite(CS,HIGH), activa el pin de salida en alto (5Vdc) para desactivar el
ADE7758,. digitalWrite(CS,LOW), desactiva el pin de salida en bajo (0Vdc) para activar
el ADE7758.

SPl.setDataMode(SPI_MODE2): En términos generales, hay cuatro modos de
transmision. Estos modos controlan si los datos se desplazan hacia adentro y hacia afuera
en el flanco ascendente o descendente de la sefial del reloj de datos (llamada fase de reloj),
y si el reloj esta inactivo cuando estd alto o bajo (Ilamada polaridad del reloj). Los cuatro
modos combinan polaridad y fase, como se muestra en la tabla:
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Clock
Clock Phase Output Data
Mode Polarity
(CPHA) Edge Capture
(CPOL)
SPI_MODED 0 0 Falling Rising
SPI_MODEI 0 1 Rising Falling
SPI_MODE2 1 0 Rising Falling
SPI_MODE3 1 1 Falling Rising

Figura 105. Modos de comunicacién SPI.

SERIAL INTERFACE

The ADE7758 has a built-in SPI interface. The serial interface
of the ADE7758 is made of four signals: SCLEK, DIN, DOUT,
and CS. The serial clock for a data transfer is applied at the

SCLK logic input. This logic input has a Schmitt trigger input
structure that allows slow rising (and falling) clock edges to be
used. All data transfer operations are synchronized to the serial
clock. Data is shifted into the ADE7758 at the DIN logic input
on the falling edge of SCLK. Data is shifted out of the ADE7758
at the DOUT logic output on a rising edge of SCLK.

Figura 106. El modo de operaciéon ADE7758 como lo describe el fabricante en su hoja de

datos

SPLsetClockDivider(SPI_CLOCK_DIV32): Establece el divisor de reloj SPI en relacién
con el reloj del sistema. En las tarjetas basadas en AVR, los divisores disponibles son 2, 4,
8,16, 32, 64 0 128. La configuracion predeterminada es SPI_ CLOCK_DIV4, que establece
el reloj SPI en un cuarto de la frecuencia del reloj del sistema (4 Mhz para las tarjetas a 16
MHz).

SPL.setBitOrder(MSBFIRST): definimos que los primeros bytes a enviar son los mas
significativos.

SPI.begin(): funcién propia de Arduino para inicializar el modo SPL
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458 unsigned char ADETT758::readfbits(char req) {

46 enable() ;

47 unsigned char b0;

45 //FUNCION ARDUINO:PAUSE MICROSEGUNDOS
4 delayMicroseconds (TREAD) ;
5 //FUNCION RRDUINO: SPI

51 =3 r{req);

52 =conds (TREAD) ;
53 fer (READ) ;

54 seconds (TREAD) ;
55 disable () ;

56 return b0;

Figura 107. Funcion lectura de 8 bits.

Para poder realizar una lectura al ADE7758, necesitamos interpretar el protocolo de
comunicacién SPI y el diagrama de tiempo que nos ofrece la hoja de datos, iniciaremos
con el diagrama de tiempo, que se muestra a continuacion:

- —
‘-i-{ t13—-v| —-—

_ﬂﬂﬂm&wmwm:
)

COMMAND BYTE MOST SIGNIFICANT BYTE LEAST SIGNIFICANT BYTE

Figura 108. Diagrama de tiempo de lectura.

t1: es el tiempo en el borde descendente del CS al primer borde descendente al SCLK, con
un tiempo minimo de 50 nano segundos.

t9: Tiempo minimo entre el comando de lectura (es decir, un registro de escritura en
comunicacion) y datos leidos, con un tiempo minimo de 4 microsegundos.

t10: Tiempo minimo entre transferencias de bytes de datos durante una lectura multiples
byte, el tiempo minimo es de 10 nano segundos.

t13: se termina él envi6 de datos en el borde creciente de CS, con un tiempo minimo de
10 nano segundos y méximo de 100 nano segundos.
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A continuacién, se describe cada una de las partes de la funcién que se utiliza para leer 8
bits:

Linea 45:se define una funcién la cual utilizaremos para leer datos del ADE7758 es del
tipo unsigned char (1 byte), pero el valor que retornara es de 1 bytes, se toma un valor
como registro tipo char (1 byte) el cual serd un valor en hexadecimal.

Linea 46: se llama a una funcién para habilitar el ADE7758, lo habilitaremos con el pin CS
(chip select) el cual se activa con un estado bajo.

Linea 47: se definen una variable del tipo unsigned char (1 byte), para poder realizar la
lectura.

Linea 49: es el tiempo de pausa que se necesita entre el CS (chip select) en el borde
descendente y el SCLK (la entrada de reloj serie para la interfaz serial sincrona) en el
primer borde descendente ver diagrama de tiempo “t1”.

Linea 51: se utiliza la funcién “SPI.transfer” esta funcion es de la libreria de comunicacién
SPI de Arduino, se utiliza para enviar y recibir datos, en esta linea de cédigo la utilizamos
para enviar el registro al cual deseamos leer, el registro se envia MOSI (DIN diagrama de
tiempo).

Linea 52: es el tiempo de pausa que se utiliza entre el envié de un registro y los datos que
deseamos leer, ver diagrama tiempo “t9”.

Linea 53: se utiliza la funcién “SPI.transfer” y como parametro para poder leer los datos
se envia 0x00 este dato se envia en la linea de MOSI (DIN diagrama de tiempo), se obtiene
de la funcién el MSB de los bytes, este dato lo capturamos en la linea de MISO (DOUT
diagrama de tiempo).

Table 16. Communications Register

Bit Location Bit Mnemonic Description

Oto6 AO to A6 The seven LSBs of the communications register specify the register for the data transfer operation.
Table 17 lists the address of each ADE7758 on-chip register.
7 W/R When this bit is a Logic 1, the data transfer operation immediately following the write to the

communications register is interpreted as a write to the ADE7758. When this bit is a Logic 0, the data
transfer operation immediately following the write to the communications register is interpreted as a
read operation.

DB7 DBé6 DBS DB4 DB3 DB2 DB1 DBO
W/R A6 A5 A4 A3 A2 Al A0

Figura 109. Registro de comunicacién.
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Linea 54: es el tiempo de pausa para finalizar él envi6 de datos, ver diagrama de tiempo
llt13ll .

Linea 55: se llama a una funcién para deshabilitar el ADE7758, lo deshabilitaremos con el
pin CS (chip select) el cual se desactiva con un estado alto.

Linea 56: retornamos los valores recibidos del ADE7758.

18 wvoid ADETTS8: :writel (char req, unsigned char data) {
gz enable () ;
unsigned char data0 = 0;
G4 datal = (unsigned char)data;
reg |= WRITE;

delayMicroseconds (50) ;

SPI.transfer{(unsigned char)regq);
delayMicroseconds (30);
104 SPI.transfer{{unsigned char)datal);//dato

101 delayMicroseconds (50) ;

103 dizable();

Figura 110. Funcion de escritura de 8 bits.

Linea 91: definimos una funcién de escritura de 1BYTE del tipo void, con dos parametros
una es a la direccion de memoria a la que deseamos escribir y el otro es el valor a escribir.

Linea 92: se llama a una funcién para habilitar el ADE7758, lo habilitaremos con el pin CS
(chip select) el cual se activa con un estado bajo.

Linea 93: inicializamos una variable de 8 bits del tipo unsigned char.

Linea 94: definimos el valor a escribir en el registro de memoria.
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Linea 95: definimos la direccion de memoria a la cual deseamos realizar una escritura y
agregamos un bit uno indicando que se realizara una escritura, como esta en el diagrama
de tiempo del protocolo de comunicacién SPI.

Linea 97: tiempo durante una transferencia de escritura en lo que se activa el ADE7758.

Linea 98: se utiliza la funcién “SPI.transfer” y como pardmetro para poder escribir los
datos se envia 0x80 este dato se envia en la linea de DIN (diagrama de tiempo).

I tg I_
CS [;‘: (;J ‘Jl,
ty
- —|ty |- l= te -
t
UM LAULUM Toe 1rTT rww H
—| 1y |- —-:H
t|-—
COMMAND BYTE MOST SIGNIFICANT BYTE LEAST SIGNIFICANT BYTE

Figura 111. Diagrama de tiempo de escritura serial.

Linea 99: tiempo durante una transferencia de escritura.
Linea 100: se utiliza la funciéon “SPI.transfer” para escribir en la memoria del ADE7758.
Linea 101: tiempo antes desactivar el ADE7758.

Linea 103: se llama a una funcién para deshabilitar el ADE7758, lo deshabilitaremos con
el pin CS (chip select) el cual se desactiva con un estado alto.

Lectura de voltaje RMS.

getVRMS: es una funcién que realiza las lecturas de voltaje RMS del ADE7758, la
precision del valor RMS actual es tipicamente 0.5% error de la entrada de escala completa

hasta 1/500 de la entrada de escala completa. Adicionalmente, esta medida tiene un
ancho de banda de 14 kHz.

Es recomendado para leer los registros RMS sincronizar con los cruces por ceros para
garantizar la estabilidad.

Las interrupciones se pueden usar para indicar cuando ha ocurrido un cruce por cero (ver
la seccion Interrupciones).
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INTERRUPT STATUS REGISTER (0x19)
RESET INTERRUPT STATUS REGISTER (0x1A)
El estado de los registros de interrupcion se usa para determinar el origen de un evento

de una interrupcion.

Table 24. Interrupt Status Register

Bit Interrupt | Default

Location | Flag Value Event Description

0 AEHF 0 Indlicates that an interrupt was caused by a change in Bit 14 among any one of the three WATTHR
registers, that is, the WATTHR register is half full.

1 REHF 0 Indicates that an interrupt was caused by a change in Bit 14 among any one of the three VARHR
registers, that is, the VARHR register is half full.

2 VAEHF 0 Indicates that an interrupt was caused by a 0 to 1 transition in Bit 15 among any one of the three VAHR
registers, that is, the VAHR register is half full.

3 SAGA 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase A.

4 SAGB 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase B.

5 SAGC 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase C.

6 ZXTOA 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase A.

7 ZXTOB 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase B.

8 ZXTOC 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase C.

9 ZXA 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase A.

10 ZXB 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase B.

11 ZXC 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase C.

Figura 112. Tabla de registro de las interrupciones.

El bit nimero nueve nos indica una deteccién de cruce por cero en el borde ascendente

en el canal de voltaje de la fase A.

}

long ADETT58: :getVRMS (char phase) {
int N
unsigned long VRMS = 0;
long lastupdate = 0;
for

(int i = 0; i<N; i++){

getResetInterruptStatus ()

lastupdate = millis();

while (! (getInterruptStatus() & (ZXRA<<phase))){
if{(millis()-lastupdate)>100) {return 0;}

}

VEMS += read24bits (AVEMS+phase);

return VREMS/N;

20;

Figura 113. Funcién de lectura Vrms.

La funcién getVRMS recibe un para metro por defecto el cual indica la fase a realizar la

medicién, estos valores estan definidos en la libreria “ADE7758” como constantes, la
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constante “N”, nos sirve para determinar una cantidad de mediciones a realizar, todas
las mediciones se suman en una variable “VRMS”, el valor a retornar son las mediciones
acumuladas entre el valor de “N”.

Lastupdate: esta variable guarda el tiempo inicial de una medicién.

El ciclo for realiza N interacciones, después reiniciamos los registros y guardamos el
tiempo inicial en milisegundos en la variable “lasupdate”, el ciclo while hace una
comparacioén booleana, si el registro de interrupciones es igual con una constante definida
en lalibreria “ADE7758.h" indica que hay un cruce por cero, sin son diferentes continuara
preguntando hasta la que el tiempo actual menos el tiempo inicial se han menor a 100
ciclos de la sefial senoidal, si se cumple esta condicién retornaremos cero por quien fue
llamado la funcién. Caso contrario realizaremos una lectura del voltaje RMS, llamaremos
a la funcion de lectura de 3 Bytes (24 bits) y sumaremos las mediciones, el valor de retorno
es el valor promedio.

<<: operador de desplazamiento a la izquierda, utilizando esta herramienta podemos
comparar los cruces por cero de las tres fases.

Fh b

i Z¥E 0x0200
ine Z¥XB 0x0400
ine Z¥XC 0x0800

n

m

m

d
d
d

Figura 114. Definicién de constantes para los cruces por cero de las tres fases.

tdefine AVREMS 0x0D
tdefine BVRMS 0x0E
tdefine CVRMS 0x0F

Figura 115. Constantes que definimos para la lectura de voltaje RMS de las tres fases.
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2128 int ADETTSE: :getPwatt (char phase) {
213 int Pwatt = 0;

214 long lastupdate = 0;

21C getResetInterruptStatus();

21 lastupdate = milli z();
2178 while (! {getInterruptStatus () & (ZXA<<phase)))|

218 if{(millis()-lastupdate)>100)return 0;

2210 Pwatt=readl6bits (AWATTHR+phase) ;
221 return Pwatt;

Figura 116. Funcion de lectura de Potencia Activa.

#define AWATTHR Ox01
#define BWATTHE Ox02
$define CWATTHE Ox03

Figura 117. Direccién de memoria de la potencia activa.

108 #define PHASE A 0
108 #define PHASE B 1
110 #define PHASE C 2

Figura 118. Constantes para el programa identifique cada una de las fases.

La funcién de potencia activa “getPwatt” realiza una lectura de 16 bits de los registros de
memoria del ADE7758, el pardmetro que recibe la funcién es la fase de la cual queremos
realizar la lectura, primero revisamos si hay cruces por cero de la fase respectiva si no
hay cruce por ceros retornamos el valor de cero de lo contrario realizamos una lectura
con el operador de desplazamiento a la izquierda podemos verificar las tres fases “<<”,
para poder realizar la lectura de las diferentes fases solo se le suma el valor de la constante
mas el valor de la direccién de la fase A.
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2248 int ADETTSE: :getOvar (char phase) {
228 int Qwvar = 0;

226 long lastupdate = 0;

22 getResetInterruptStatus();

228 lastupdate = milli z();
2293 while (! (getInterruptStatus () & (ZXA<<phase)))|

230 if{(millis()-lastupdate)>100)return 0;

232 Ovar=readlébits (AVARHR+phase) ;

233 return Qwvar;

Figura 119. Funcion de lectura de Potencia Reactiva.

La funcién de potencia reactiva “getQvar” realiza una lectura de 16 bits de los registros
de memoria del ADE7758, la funcio es muy similar a la del apotencia activa.

2368 int ADETT738::getSva(char phase) {
23 int Sva = 0;

238 long lastupdate = 0;

2349 getResetInterruptStatus();
24 lastupdate = milli s();
24104 while (! (getInterruptStatus () & (ZXA<<phase)))|

242 if{{millis{()-lastupdate)>100)return 0;

244 Sva~readlebits (AVAHR+phase) ;

245 return Sva;

Figura 120. Funcién de lectura de Potencia Aparente.

La funcién de potencia aparente “getSva” realiza una lectura de 16 bits de los registros
de memoria del ADE7758, la funcién es muy similar a la de la potencia activa.
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2478 int ADETTSE: :getFHz (char phase){
248 int FHz = 0;

244 long lastupdate = 0;

250 getResetInterruptStatus();

251 lastupdate = milli z();
2528 while (! {getInterruptStatus () & (ZXA<<phase)))|
25 if{(millis()-lastupdate)>100)return 0;

2593 writel (MMCDE, (0xFC|phase));
256 FHz=readB8bits (FREC) ;

23 return &60;

Figura 121. Funcién de lectura de la frecuencia.

La funciéon de la frecuencia “getFHz” realiza una lectura de 8 bits de los registros de
memoria del ADE7758, la funcién es muy similar a la de la potencia activa, para realizar
la lectura por fase se cambia la configuracién de mediciones “MMODE”.

420 if(serial.available()=0){
43 var=Serial .readl() ;
44 switch (wvar) {

Figura 122. Comunicacién serial.

Serial.available: Obtenemos el ntimero de bytes (caracteres) disponibles para leer desde
el puerto serie. Estos son datos que ya llegaron y se almacenaron en el bifer de
recepcidn en serie (que contiene 64 bytes).

Serial.read: se reliza la lectura de los datos entrantes.

Switch: Al igual que las instrucciones if, switch case controla el flujo de programas al
permitir que los programadores especifiquen cédigo diferente que se debe ejecutar en
varias condiciones. En particular, una instruccién switch compara el valor de una
variable con los valores especificados en las instrucciones case. Cuando se encuentra una
instruccion case cuyo valor coincide con el de la variable, se ejecuta el codigo de esa
instruccion case.

La palabra clave break sale de la instruccién switch y se utiliza normalmente al final de
cada caso. Sin una instruccién break, la instruccion switch continuaréd ejecutando las
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siguientes expresiones ("falling-through') hasta que se alcance un break o se alcance el
final de la instruccion switch.

= caze '1
- digitalWrite {5, HIGH);
47 digitalWrite (6, LOW) ;
- digitalWrit e (7, LOW) ;
- break;

Figura 123. Seleccion del canal del multiplexor.

DigitalWrite: Escriba un valor ALTO o BAJO en un pin digital. Si el pin se ha configurado
como una SALIDA con pinMode (), su voltaje se establecera en el valor correspondiente:
5V para ALTO, 0V (tierra) para BAJO, asi seleccionamos la direccién del multiplexor.

_ _ L
case ¥ N

Serial.println (myRDE.getVEMS (PHASE R)/constV);
T7 Serial.println (myRDE.getIEMS (PHASE &) /constI);
TEEl if (myADE.setPotLine (PHASE 1)) |

Pa=myRADE.getPwatt (PHASE A);
Qa=myRDE.getQOvar (PHRSE R);
B1 Sa=myRDE.getSva (PHASE B);

Serial.println(Pa);
34 Serial.println(Qa);
3 Serial.println(Sa);
Serial.println (myRDE.getFHz (PHASE A) *constF);
7 freeRam() ;
break;

Figura 124. Envi6 de datos de la fase por el puerto serial.

Serial.println: Imprime datos en el puerto serie como texto ASCII legible por humanos
seguido de un carécter de retorno de carro (ASCII 13 0 '\ r') y un caracter de nueva linea
(ASCII 100 '\ n').
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3.6 PYTHON COMUNICACION SERIAL.

Python es un lenguaje de programacion de alto nivel, interpretado, interactivo, orientado
a objetos y de propoésito general. Fue creado por Guido van Rossum durante 1985-1990.
Al igual que Perl, el cédigo fuente de Python también esta disponible bajo la Licencia
Pablica General de GNU (GPL).

Import serial: Este médulo encapsula el acceso para el puerto serie. Proporcionada para
Python que se ejecuta en Windows, OSX, Linux, BSD (posiblemente cualquier sistema
compatible con POSIX) y IronPython.

El médulo serial se instala de la siguiente forma:

install pyserial

Using ¢ ed https://f
talling collected
stully installed py

Figura 125. Instalacion pyserial.

Import time: Hay un médulo de tiempo, disponible en Python que proporciona funciones
para trabajar con los tiempos y para convertir entre representaciones.

funcion@1(Mdd,MDB2):
te1=['A', 'B", 'C']
arduino = serial.Serial('/dev/ttyACME', 9608)
#arduino = serial.Serial('COM5',9608)
time.sleep(1)
arduino.write(str(Mdd))
time.sleep(1)

Figura 126. Funcion de lectura serial.

Fucion01: recibe dos parametros Mdd es el medidor seleccionado, MDO02 es una lista que
nos sirve para obtener el numero de elementos a guardar y esta lista es el valor de retorno
de la funcién por quien fue llamado.

Serial: establecemos comunicacién con el puerto serial, definimos el puerto a utilizar y la
velocidad de transmisién en baudio.
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El baudio (en inglés baud) es una unidad de medida utilizada en telecomunicaciones, que
representa el nimero de simbolos por segundo en un medio de transmisién digital. Cada
simbolo puede comprender 1 o mas bits, dependiendo del esquema de modulacién.

Time.sleep: suspende la ejecucién por el nimero de segundos dado. El argumento puede
ser un nimero de punto flotante para indicar un tiempo de suspensién mas preciso.

Arduino.write: escribo en el puerto serial y le indicamos el medidor seleccionado,
esperamos un segundo.

i tel:
arduino.write(i)
time.sleep(1)
arduino.inWaiting() > @:
valorfA=arduino.read(1)
valorfi==""n":
MDB2[k]=float(valorB)
valorB,k="",k+1
arduino.flush()

valorB+=valorh
arduino.close()
MD&2

Figura 127. Lectura del puerto serial.

Arduino.inWaiting: Obtener el nimero de bytes en el bufer de entrada si es mayor que
cero continua la lectura.

Arduino.read: lectura del puerto serie, la catidad de bytes a leer se establecen en el valor
que esta en el paréntesis, nosotros estamos leyendo 1Byte.

valorA, valorB: valorA esta variable guarda las lecturas del puerto serie y se acumulan
en valorB, y si la lectura es nueva linea (“\n’) se guarda el valor en el vector de retorno.

Arduino.close: cerramos la comunicacion serial.

Return: retornamos el valor de la lista MDO02, a onde fue llamada la funcién.
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3.7 PYTHON TKINTER.

7& Medidor de Energia Trifasica RaspDuino ADET758A X
DISENO Y CONSTRUCCION DE SISTEMA DE MEDICION
DE ENERGIA ELECTRICA PARA APLICACIONES, DE
MULTIPLES BANCOS DE PRUEBA DE TRANSFORMADORES
PARA EL LABORATORIO DE POTENCIA DE LA ESCUELA
DE INGENIERIA ELECTRICA, FIA UES
MEDIDORES
FASE A FASE B FASE C
-~ MEDIDOR 01
Vrms = Vrms = Vrms =
Irms = Irms = Irms = © MEDIDOR 02
P[W]= PI[W]= PI[W]= ~ MEDIDOR 03
Q[VAR]= Q[VAR]= Q[VAR]= ~ MEDIDOR 04
S[VA]= S[VA]= S[VA]= ~ MEDIDOR 05
F[Hz]= F[Hz]= F[Hz]= - MEDIDOR 06
Presentado por:
Jorge Eduardo Mendez Flores
Enrique Dolores Rosales Ortiz SALIR

Figura 128. Interfaz Grafica de Usuario.

Programacién Tkinter, es la biblioteca de GUI (interfaz grafica de usuario) estindar para
Python. Python cuando se combina con Tkinter proporciona una forma répida y facil de
crear aplicaciones GUI. Tkinter proporciona una potente interfaz orientada a objetos para
el kit de herramientas GUI de Tk.
Todo lo que necesitas hacer es seguir los siguientes pasos:

v Importar el médulo Tkinter.

v" Crear la ventana principal de la aplicacién GUI

v’ Agregue uno o més de los widgets a la aplicacion GUI.

v' Ingrese al ciclo principal del evento para tomar accién contra cada evento
desencadenado por el usuario.

Modulo: Un médulo le permite organizar 16gicamente su cédigo Python. Agrupar el
codigo relacionado en un médulo hace que el cédigo sea més facil de entender y usar. Un
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modulo es un objeto de Python con atributos nombrados arbitrariamente que puede
enlazar y hacer referencia.

Simplemente, un médulo es un archivo que consta de cédigo Python. Un médulo puede
definir funciones, clases y variables. Un médulo también puede incluir c6digo ejecutable.

La declaracién de import: Puede usar cualquier archivo fuente de Python como médulo
ejecutando una declaraciéon de importacion en algtn otro archivo fuente de Python.
Cuando el intérprete encuentra una declaraciéon de “import”, importa el médulo si el
modulo esta presente en la ruta de bisqueda. Una ruta de busqueda es una lista de
directorios que el intérprete busca antes de importar un médulo.

ilmport time
import sys

Figura 129. Importacién de médulo de Python.

Import time: Hay un médulo de tiempo, disponible en Python que proporciona funciones
para trabajar con los tiempos y para convertir entre representaciones.

Import sys: Este médulo proporciona acceso a algunas variables utilizadas o mantenidas
por el intérprete ya funciones que interactiian fuertemente con el intérprete. Siempre esta

disponible.

Por ejemplo, para importar el médulo Serial ADE7758.py.

[# SerialADET758 10/12/2018 0%:02 Python File | KB
F Serial ADETT38 10122018 09:16 Compiled Python ... | KB
P )

Figura 130. Python serial.

Se debe colocar el siguiente comando en la parte superior de la secuencia de comandos:

| import SerialADE7758|

Figura 131. Modulo serial.

La declaracion from: Le permite importar atributos especificos de un médulo al espacio
de nombres actual.
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Esta declaraciéon no importa todo el médulo “threading” en el espacio de nombres;
simplemente introduce el elemento “Timer y Thread” del médulo “threading” en la tabla
de simbolos globales del médulo de importacién.

from threading import Timer,Thread

Figura 132. Modulo multihilo.

From name import*: También es posible importar todos los nombres de un médulo al
espacio de nombres actual usando la siguiente declaracién de importacién.

Tif sys.version info[0] < 3:
from Tkinter import¥
Telse:
from tkinter import¥*

Figura 133. Seleccién de la version de Python.

Utilizando “import sys”, podemos saber la versiéon de Python que estamos utilizando,
nuestro programa puede correr con versiones de Python 2.x.x o Python 3.x.x

import sys

sys.version

Sy
'2.7.14 (v2.7.14:84471935ed, Sep 16 2017, 20:19:38) [MSC v.1500 32 bit (Intel)]’

sys.version_info[@]

Figura 134. Versién de Python 2.7.14.

import sys
sys.version
'3.7.1 (v3.7.1:26@ec2c36a, Oct 20 2018, 14:85:16) [MSC v.1915 32 bit (Intel)]"

sys.version_info[@]

Figura 135. Versién de Python 3.7.1.

Class: Un prototipo definido por el usuario para un objeto que define un conjunto de
atributos que caracterizan cualquier objeto de la clase. Los atributos son miembros de
datos (variables de clase y variables de instancia) y métodos, a los que se accede mediante
notacién de puntos.
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Class variable: Una variable que comparten todas las instancias de una clase. Las
variables de clase se definen dentro de una clase pero fuera de cualquiera de los métodos
de la clase. Las variables de clase no se utilizan tan frecuentemente como las variables de
instancia.

El primer método __init __ (): Es un método especial, que se llama constructor de clase o
método de inicializacién al que Python llama cuando crea una nueva instancia de esta

clase.

Self: usted declara otros métodos de clase como las funciones normales, con la excepcion
de que el primer argumento de cada método es “self.”.

Self.Master: método de inicializaciéon dando el parametro de tk().

Self. MASTER.protocol(): utilizamos para que antes de cerrarla ventana llame a una
funcién y se puede cerrar los métodos utilizados.

MASTER title: titulo de la interfaz grafica de usuario.

MASTER.configure: definimos color de fondo, en RGB hexadecimal.

class Ventana:
def init (self, MASTER):
z2elf.MASTER = MASTER
self .MASTER. protocol( I DELETE WIN ?H”
self .MASTER.title ("] dor d
self .MASTER. conflgure(bg

Figura 136. Clase de GUL

. self cancel)

spDuino ADE A’

Self.thread: variable utilizada para el multiprocesamiento e inicializada, con la palabra
reservada de Python None (ninguno).

Self.var: variable utilizada para los RadioButton, variable tipo entero.

ClI01: color de letra utilizado para los LabelFrame, utilizaremos una cadena que
especifique la proporcion de rojo, verde y azul en digitos hexadecimales. Por ejemplo,
"#ftf" es blanco, "# 000000" es negro, "# 000£ff000" es verde puro, y "# 00ffff" es cian puro
(verde mas azul).
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Cl02: color de letra utilizado en los Label y Entry.
Cf01: color de fondo utilizado en los Label y Entry.

Font01 y font02: tipo de fuente utilizado.

self.thread = None

self.var = IntVar{”
clO1="#c8£945" #color leLra
cl02="#000000" #color Jleira
cf01="#4D4D4D" #color fondg
font01="Helvetica 24 bold"
font02="Helvetica 16 bold"

Figura 137. Tipo de fuente y color.

Las listas son buenas para hacer un seguimiento de las cosas por su orden, especialmente
cuando el orden y los contenidos pueden cambiar A diferencia de las cadenas, las listas
son mutables. Puede cambiar una lista en el lugar, agregar nuevos elementos y eliminar
o sobrescribir elementos existentes. El mismo valor puede ocurrir Mas de una vez en una

lista.

Una lista estd hecha de cero o mas elementos, separados por comas y rodeados por

corchetes:

Self.texto01: lista utilizada para definir la cantidad de LabelFrame.

Self.texto02: lista utilizada para definir la cantidad de Label.

Self.texto03: lista utilizada para definir la cantidad de RadioButton.

Self.VctLblFrm: esta lista guarda cada una de los LabelFrame creados para la interfaz
grafica y poder agregar los Label y Entry correspondientes.

Self.VctEntry: guarda cada uno de los Entry creados, para poder modificar su valor.

self.textoQl=["FASE A" ,"FAS
self.textol2= [ ! :
self.texto03=["MEDIDOR 01","MEDIDOR 02","MEDIDOR 03
self.VctlblFrm=self.texto0l# wvector label frame
self.VctEntry=(len(self.textoll)-1)*self.textol2# vector Entry

Figura 138. Listas principales de la interfaz grafica.
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Creamos los LabelFrame, con el ciclo for que recorre self.texto01 y lo guardamos en su
respectiva lista, le agregamos atributos de:

Text: etiqueta del LabeFrame.

Font: tipo de fuente a utilizar.

Bg: color de fondo.

Fg: color del texto.

Grid: el organizador geométrico donde definimos fila y columna correspondiente.

Row: la fila para colocar el elemento por defecto la primera fila que esta vacia.

Column: la columna para colocar el elemento por defecto la columna mas vacia a la
izquierda.

cl=0 # golumna

for self.j in self.textoll:
self.VctlblFrm[cl]= LabelFrame (MASTER, text=self.j,font=font0l,bg=cfll,fg=cl01)
self.VctlblFrm[cl].grid(column=cl, row=0,padz=10,pady=10)
cl=cl+l

Figura 139. Guia del marco.

Label: Este widget implementa un cuadro de visualizacién donde puede colocar texto o
imégenes. El texto mostrado por este widget se puede actualizar en cualquier momento
que desee.

También es posible subrayar parte del texto (como identificar un método abreviado de
teclado) y abarcar el texto en varias lineas.

Widget: es una pequena aplicaciéon o programa, usualmente presentado en archivos o
ficheros pequefios que son ejecutados por un motor de widgets o Widget Engine. Entre
sus objetivos estan dar facil acceso a funciones frecuentemente usadas y proveer de
informacién visual.

Padx y pady: cudntos pixeles para rellenar el widget, horizontal y verticalmente, afuera
de los bordes widget.

self.LB=Label (self.VctlblFrm[cl], text=self.j,font=font02,bg=cf01,fg=cl02)
self.IB.qgrid(column=0, row=fl,padz=10,pady=10)

Figura 140. Widget Label.
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Label Entry

{ ‘

Vrms =

Irms =

Figura 141. Widget Label y Widget Entry.

Entry: El widget de entrada se utiliza para aceptar cadenas de texto de una linea de un
usuario. Nosotros lo utilizaremos para mostrar datos y guardaremos los Entry creados
en self.VctEntry.

Self.VctEntry[N].insert(0,i): Inserta la cadena “i” caracteres antes del caracter en el indice
dado.

self.VctEntry[N]=Entry(self.VctIblFrm[cl] ,width=10,font=font02,bg=cf01,fg=cl02)
self.VctEntry[N].grid(column=1, row=f1,padz=10,pady=10)
self.VctEntry[N].insert(0,0.0)

Figura 142. Widget Entry.

El primer ciclo for recorrera la longitud de la lista self.texto01 menos uno para agrupar
los widget al LabelFrame.

El segundo ciclo for recorreré la lista self.texto02, y creara los widget Label y Entry, los
agrupara a su respectivo LabelFrame.

Fly cl: son variable que representan las filas y columnas, las utilizamos para ordenar los
widget.
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cl,f1,N=0,0,0
for i in range(len(self.textoll)-1):
for self.j in self.textol2:
self.LB=Label (self.VctLblFrm[cl], text=self.j,font=font02,bg=cfil,fg=cl02)
self.1B.grid(column=0,row=fl,padz=10,pady=10)
self.VctEntry[N]=Entry(self.VctlblFrm[cl],width=10, font=font02,bg=cf0l,£fg=cl02)
self.VctEntry[N].grid(column=1,row=fl,padz=10,pady=10)
self.VctEntry[N].insert(0,0.0)
f1,N=f1+1,N+1
cl=cl+l

Figura 143. Ciclos anidados.

FASE A

Vrms =

Irms =

P[W]=
Q[VAR]=
S[VA]=

F[Hz]=

Figura 144. Widget utilizando el LabelFrame, Label y Entry.

RadioButton: Este widget implementa un botén de opcion maltiple, que es una forma de
ofrecer muchas selecciones posibles al usuario y le permite al usuario elegir solo una de
ellas.

Para implementar esta funcionalidad, cada grupo de botones de radio debe estar asociado
a la misma variable (variable=self.var) y cada uno de los botones debe simbolizar un solo
valor (value=fl iniciando con uno y terminado con seis, esto con respecto al nimero de
medidores).

Command: Un procedimiento a ser llamado cada vez que el usuario cambia el estado del
RadioButton, lo utilizamos para llamar a la funcién self.start().
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ipadx e ipady: Cuantos pixeles para rellenar el widget, horizontal y verticalmente, dentro
de los bordes del widget.

fl=1
for self.j in self.texto03:
self.Rdbttn = Radiobutton(self.VctlblFrm[3], text=self.j,
font=font02,bg=cf0l,fg=cl02,variable=self.var, value=fl,command=self.start)
self.Rdbttn.grid(column=0, row=f1,padz=10,pady=10,ipadx=40)
fl+=1

Figura 145. Widget Radio Button.

MEDIDORES
© MEDIDOR 01

’j

MEDIDOR 02

-

MEDIDOR 03

A

MEDIDOR 04

-

MEDIDOR 05

~

MEDIDOR 06

Figura 146. Label Frame y Radio Button.

Button: El widget de botén se usa para agregar botones en una aplicaciéon de Python.
Estos botones pueden mostrar texto o imagenes que transmiten el propédsito de los
botones. Puede adjuntar una funcién o un método a un botén que se llama
automaticamente al hacer clic en el botén.

self.Bsalir = Button (MASTER, text="SALIR",font=font02,bg=cf0l,£fq=cl102,command=self.cancel
self.Bsalir.grid(column=2,row=1,padx=10,pady=5,ipadz=50)

Figura 147. Widget Button salir.
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Ejecutar varios subprocesos es similar a ejecutar varios programas diferentes al mismo
tiempo, pero con los siguientes beneficios:

Varios subprocesos dentro de un proceso comparten el mismo espacio de datos con el
subproceso principal y, por lo tanto, pueden compartir informacién o comunicarse entre

si mas facilmente que si fueran procesos separados.

Los subprocesos a veces se denominan procesos ligeros y no requieren mucha sobrecarga
de memoria;

Self.thread.start: El método start inicia un hilo llamando al método run.
Run: El método run () es el punto de entrada para un hilo.

El modo mas sencillo para usar un hilo es instanciar un objeto de la clase Thread con una
funcién objetivo y hacer una llamada a su método start().

def =start(self):
if self.thread == None:
self.thread = Thread(target=self.multiHilo)
self.thread.start ()

Figura 148. Inicio del multihilo.

La funcién multihilo llama al médulo Serial ADE7758 y a la funcioO1 para establecer una
comunicacién serial con arduino, mandamos dos parametros el primero el medidor
seleccionado y el otro pardmetro es la creacion de una lista con el nimero de valores de
la medicion, el valor de retorno son los valores de las mediciones.

Self.VctEntry[N].delete(0,END): Borra los caracteres del widget, comenzando con el del
indice primero, hasta el altimo. Si se omite el segundo argumento, solo se borra el tinico
caracter en la posicién primero.

Self.VctEntry[N].insert(0,i): Inserta la cadena “i” caracteres antes del caracter en el indice
dado, los valores insertados son las mediciones realizadas.

Timer: llama a la funcion multihilo cada diez segundos, actualizando los datos de las
mediciones. Esta es iniciada con el método start.
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def multiHilo(zelf):
N=0
a=SerialADET7758.funcionll (self.var.get (), (len(self.textoll)-1)*self.texto02)
for i in a:
self.VctEntry[N].delete (0,END)
self.VctEntry[N].insert(0,1)
N=N+1
print("Medidor="),str(self.var.get())
gelf.thread = Timer(10,self.multiHilo)
self.thread.start ()

Figura 149. Funcién multihilo.

La funcién cancel desaparece mainloop o detiene el ciclo infinito, el if es para cancelar el
Timer si este ha sido iniciado.

def cancel (self):
if self.thread != None:
self.thread.cancel ()
self .MASTER.destroy ()

Figura 150. Funcion destructora.

Creacion de instancia a objetos.

Crearemos una instancia de la clase Ventana, llame a la clase usando el nombre de la clase
y pase los argumentos que acepte el método __init_ . Para nuestro caso ROOT.

If name=="__main_": Esto estd ligado al modo de funcionamiento del intérprete
Python, cuando el intérprete lee un archivo de cédigo, ejecuta todo el codigo que se
encuentra en ¢él. Todo moédulo en python tiene wun atributo especial
llamado __name__ que define el espacio de nombres en el que se esta ejecutando. Es
usado para identificar de forma tnica un médulo en el sistema de importaciones.

Por su parte __main__ es el nombre del &mbito en el que se ejecuta el coédigo de nivel
superior (tu programa principal).

ROOT.mainloop: ciclo infinito de la interfaz gréfica.
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if name == ' main :
ROOT = Tk()
miVentana = Ventana (ROOT)

ROOT.mainloop ()

Figura 151. Ciclo infinito de la interfaz grafica de usuario.

Fé Medidor de Energia Trifasica RaspDuina ADE7758A -

DISENO Y CONSTRUCCION DE SISTEMA DE MEDICION

DE ENERGIA ELECTRICA PARA APLICACIONES, DE
MULTIPLES BANCOS DE PRUEBA DE TRANSFORMADORES
PARA EL LABORATORIO DE POTENCIA DE LA ESCUELA
DE INGENIERIA ELECTRICA, FIA UES

MEDIDORES
FASE A FASE B FASE C
- MEDIDOR 01
Vrms = Vrms = Vrms =
Irms = Irms = Irms = “ MEDIDOR 02
P[W]= P[W]= P[W]= -~ MEDIDOR 03
Q[VAR]= Q[VAR]= Q[VAR]= - MEDIDOR 04
S[VA]= S[VA]= S[VA]= c MEDIDOR 05
F[Hz]= F[Hz]= F[Hz]= - MEDIDOR 06
Presentado por:
Jorge Eduardo Mendez Flores
Enrique Dolores Rosales Ortiz SALIR
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4 MANUAL DE USUARIO, PUEBAS DE MEDICION Y PRESUPUESTO.
41 MANUAL DE USUARIO DEL MEDIDOR TRIFASICO MULTIPLEXADO.

A continuacién, en la Figura 152, se muestra el medidor trifdsico multiplexado, los seis
medidores y sus correspondientes borneras para cada fase.

MEDIDOR 01 MEDIDOR 02 MEDIDOR 03 MEDIDOR 04 | MEDIDOR 05 MEDIDOR 06
A a A a A a A a A a A a
] L J L J L] L] [ ] ® L] L] [ ] [ ] ®
B b B b B b B b B b B b
L ] L] L] L] L] L] L) L] L] L] L] L]
c c c c c c C c C c C c
L] @ L J L] L] ® L L] [ ] [ ] L]
N N N N N N N N N N N N
] L] L] L] L] L] ] L] L] ] [ ] L]

Figura 152. Medidor trifasico multiplexado.

Como se muestra en la Figura 153, la alimentacién se conecta en las borneras de la
izquierda (vista de frente) y la carga se conecta en las borneras de la derecha.

MEDIDOR 01
A
] L ]

Entrada | | .
mrad@ Ll | | Larga

n

@eutro Nodo
Comun

Figura 153. Descripcion del Medidor 01.
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Pasos para utilizar el medidor:

1- Conecte el conector de alimentaciéon de 120Vac que se encuentra en el lado
derecho.

2- Conecte el conector HDMI al equipo y al medidor.

3- Active el interruptor que se encuentra en el lado derecho del medidor.

4- Cuando se encuentre iniciado el sistema operativo Raspbian de click derecho en el
icono del rayo ejecute el programa.

74 Medidor de Energia Trifasica RaspDuino ADET7584 - 3

DISENO Y CONSTRUCCION DE SISTEMA DE MEDICION

DE ENERGIA ELECTRICA PARA APLICACIONES, DE
MULTIPLES BANCOS DE PRUEBA DE TRANSFORMADORES
PARA EL LABORATORIO DE POTENCIA DE LA ESCUELA
DE INGENIERIA ELECTRICA, FIA UES

MEDIDORES

FASE A FASE B FASE C
< MEDIDOR 01

Vrms = Vrms = Vrms =
Irms = Irms = Irms = © MEDIDOR 02
P[W]= P[W]= P[W]= ~ MEDIDOR 03
Q[VAR]= Q[VAR]= Q[VAR]= - MEDIDOR 04
S[VA]= S[VA]= S[VA]= ~ MEDIDOR 05

F[Hz]= F[Hz]= F[Hz]=

- MEDIDOR 06

Presentado por:
Jorge Eduardo Mendez Flores
Enrique Dolores Rosales Ortiz SALIR

Figura 154. Interfaz Grafica de Usuario.

5- Verifique que el Breaker de la alimentacion trifasica se encuentre desactivado (se
recomienda realizarlo para modificaciones en la conexién).

6- Realice las conexiones como se muestra en la Figura 155, para conectar el motor
trifasico en estrella (Breaker en off ), verificar conexion activar el Breaker y subir
el voltaje lentamente y revisar las mediciones en la interfaz grafica de usuario.
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Alimentacion
Trifasica MEDIDOR 01
A B C
® o o 2

@n
Qo

o=
[+

Figura 155. Motor conectado en estrella Yn.

7- Conexion de una carga monofésica, antes de iniciar las conexiones verifique que
el Breaker este off, realizamos las conexiones como se muestran en la Figura 156,
verificamos y activamos el Breaker.

Alimentacion
Trlfu;s'ca MEDIDOR 01 CARGA

il

Figura 156. Conexion de una carga monofasica.

A C
T ® o A
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@®o

8- Conexion de dos cargas monofésicas utilizando un medidor, conectaremos la fase
a para la alimentacién de las dos cargas y la fase b la conectaremos en el neutro
del medidor, utilizaremos el medidor 1 fase a y b como se muestra en la Figura
157, después daremos clic en el medidor que deseamos para ver la lectura de datos.
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Alimentacion
Trifasica MEDIDOR 01
A B C
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® [ ]
CARGA

®

Figura 157. Conexiones de dos cargas monofasicas.

[ X-J

[ F-)
=4

9- Conexion de dos cargas monofasicas utilizando dos medidores, conectaremos la
fase a para la alimentacion de las dos cargas y la fase b la conectaremos en el neutro
del medidor, utilizaremos el medidor 1 fase a y el medidor2 fase b como se muestra
en la Figura 158, después daremos clic en el medidor que deseamos para ver la
lectura de datos.

Alimentacion
A T"ff:'ca c MEDIDOR 01 | MEDIDOR 02 CARGA
. . . A :J A a

[ ] L]

o
o

|
N - ‘i

Figura 158. Conexién de dos cargas monofasicas.
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10- Realizaremos una conexion trifasica como se muestra en la Figura 159 verificar las
conexiones activar el Breaker dar click en el medidor uno en la interfaz gréfica.

Alimentacion
Trifasica

MEDIDOR 01

H CARGA

—®

®o
p

oz

Figura 159. Conexién de una carga trifasica.

42  ANALISIS DE FALLAS.

Daio de la interfaz grafica de usuario: la raspberry pi 3b+ tiene en sus archivos una
copia de seguridad de todos los programas solo se copia la carpeta y se sustituye.

Lecturas errdneas: las lecturas de los datos son valores muy grandes en las tres fases,
posible causa dafio en el Arduino, apague todo el equipo y reinicielo. La falla persiste
posible dafio en el Arduino hay que cambiar el Arduino se realiza el cambio y en las
raspberry pi 3b+ se encuentra el programa del Arduino y se sube el programa.

Nota: el cambio del Arduino hay que revisar q tipo de Arduino es el que estamos
colocando, hay un Arduino de fabricacion china el cual no establece comunicacién serial
con las raspberry pi 3b+.

Lecturas erroneas en diferentes lecturas: al obtener este error se encuentra en la
comunicacién SPI posibles causas un alambre con soldadura fria, un alambre suelto o no

hay continuidad en un cable de comunicacion se remplaza dicho cable.

Una fase no muestra voltaje: todas las fases A pasan las pequefias sefiales por un
multiplexor posible dafio del multiplexor se remplaza multiplexor, sin un multiplexor de
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voltaje se dafia no mostraria datos de corriente para realizar una lectura de corriente se
toma en cuenta los cruce por cero del voltaje.

Una fase no muestra corriente: sin un multiplexor de corriente se dafia no muestra
corriente en todos los medidores en la misma fase, tampoco mostraria los datos de
potencia, pero si lecturas de voltaje.

4.3 PRUEBAS DE MEDICION.

Para las pruebas de medicién se utiliza la comparaciéon con medidor patrén el cual se
efecttia la comparacion con el medidor de calidad de energia para redes monoféasicas
AEMC 8230, el cual se muestra en la Figura 160 y dispone de las caracteristicas descritas
en la Figura 161, lo cual nos brinda los resultados en la Tabla 4, teniendo nuestro medidor
trifasico una medicién aceptable.

QIAEMC PowerPa

d® Jr
MODEL 8230

Figura 160. Medidor patron AEMC 8230.
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Figura 161. Caracteristicas técnicas del medidor AEMC 8230.

MODELO 8230
CARACTERISTICAS ELECTRICAS
Tension (TRMS) Fase - Fase: 660V

Corriente (TRMS)

Frecuencia (Hz)
Otras mediciones

Armonicos

Frecuencia de muestreo
Almacenamiento de datos

Fuente de alimentacion

Autonomia de la bateria

Fase - Neutro: 600 V

SondaMN: 5mAa6A120A62a240A
Sonda MR: 10 a 1000 Aca, 10 a 1400 Acc
Sonda SR: 3a 1200 A
Sensor MiniFlex®: 0,1 a 1000 A
Sensor AmpFlex®: 10 a 6500 A"

40a70Hz

KW, KVAR, factor de potencia (PF), factor de potencia de

desplazamiento (DPF), kWh, KVARh, kVAh, factor K,
flicker, angulo de fase de arménico, secuencia de fase

THD-R, THD-F, VA, VA
1° a 50°, direccion, secuencia
256 muestras/ciclo
1,5 MB con particion para formas de ondas,
alarmas y registro de tendencias
Baterias NiMH recargables (incluidas)
Adaptador de corriente CA: 120/230 Vea (50/60 Hz)
=8 horas con la pantalla encendida

=40 horas con la pantalla apagada (modo de registro)

CARACTERISTICAS MECANICAS

Puerto de comunicaciones

Pantalla

Dimensiones

Peso

Clasificacion de seguridad

USB con aislamiento dptico
LCD a color % VGA (320 x 240)
211x108 x 60 mm (8,3 x 4,3 x 2,4 pulg.)
0,88 kg (1,9 Ibs)

EN 61010, 600 V CAT Ill, Grado de contaminacion ambiental 2

Medidor AEMC Model 8230 Trabajo de graduacién. Tipo de carga
Medicién |VA 1A PA QA[VAR} SA VA 1A PA QA SA
1 13.8 1.1 15.1 1.6 15.2 14.42 1.11 10 1 10 Carga Resistiva
2 15.5 1.2 19.1 2 19.2 16.04 1.25 12 1 13| Carga Resistiva
3 18 1.4 25.7 2.4 25.9 18.36 1.45 16 2 17 Carga Resistiva
4 21.2 1.7 35.8 2.5 359| 21.41 1.7 23 2 24 Carga Resistiva
5 25.6 2 52.2 3 52.3 25.7 2.04 34 3 24 |Carga Resistiva
6 27.8 2.2 61.3 3.7 61.2 27.74 2.2 39 3 40|Carga Resistiva
7 303 2.4 73.6 4.2 73.6 30.25 2.4 47 4 48|Carga Resistiva
8 333 2.7 904 4.2 90.6 33.2 2.63 57 4 58|Carga Resistiva
9 37.4 3.1 114.4 5.2 114.3 37.19 2.97 72 6 73|Carga Resistiva
10 12.5 1.1 12.7 3.9 133 13.2 1.09 8 -1 8|Carga LR
11 20.1 1.7 333 9.8 24.7 204 1.73 22 -4 23|Carga LR
12 25 2.1 51.2 15.3 53.5 255 2.14 34 -6 35|Carga LR
13 29.9 2.6 74.7 22.8 78 29.84 2.54 49 -9 50|Carga LR
14 35 =l 103.5 33 108.6 34.87 3 67 -15 68|Carga LR
15 38.5 3.4 125.4 42.8 132.8 38.22 3.33 81 -20 84 |Carga LR
16 14.3 1.2 16.4 4.9 7.4 14.85 1.22 11 3 12|Carga CR
17 20.3 1.7 23.1 9.5 345 20.53 1.71 20 8 22|Carga CR
18 254 2.1 51.7 14.7 53.8 25.47 2.12 32 13 35|Carga CR
19 30.2 2.6 74.4 213 77.4 30.16 2.51 47 18 49|Carga CR
20 349 3 101 28.8 105.1 34.86 2.91 62 23 67|Carga CR
21 40.2 3.4 132.3 38 138 39.91 3.34 82 31 87|Carga CR

Tabla 4. Comparacion de mediciones, Medidor AEMC 8230 vs Medidor desarrollado en

trabajo de graduacion.

135




44 PRESUPUESTO DE LA INVERSION.

En la tabla 5 se muestra la inversion para el disefio y construccion de sistema de medicion

de energia eléctrica para aplicaciones, de multiples bancos de prueba de transformadores

para el laboratorio de potencia de la escuela de ingenieria eléctrica, FIA-UES.

Item |Cantidad |Descripcion Precio Unit|Costo de Envio Total |Total Forma de Envio

1 1 Raspberry PI 3B+ PLUS 3 62.00 | $ 50.00 | $ 112.00 [Transxpress / Amazon

2 1 Arduino Mega 3 20.00 | $ - $ 20.00 |Compra Local

3 2 IC ADE7758 3 20.00 | $ 10.00 | § 50.00 |Transxpress / Amazon

4 10 Cristal 10MHz 3 050 | § 5.00 | $ 10.00 [Transxpress / Amazon

5 10 Capacitor 22pF 3 050 | 8 5.00 | $ 10.00 [Transxpress / Amazon

6 10 Capacitor 10uF 3 0.50 | $ 5.00 | $ 10.00 [Transxpress / Amazon

7 10 Capacitor 100nF 3 050§ 5.00 | $ 10.00 [Transxpress / Amazon

8 10 Capacitor 33nF 3 050 | $ 5.00 | $ 10.00 [Transxpress / Amazon

9 19 Resistencias 1M ohm 3 030 | § $ 5.70 |Compra Local

10 26 Resistencias 1k ohm 3 030 | § $ 7.80 |Compra Local

11 10 Resistencia de 10 chm 3 030 % - $ 3.00 |Compra Local

12 8 IC 4THC4051 3 894 | § 30.00 | 8 101.52 |Transxpress / Amazon

13 10 Bases de I.C. 3 055 | § $ 5.50 |Compra Local

14 18 Borner hembra negro 3 035 | % 3 6.30 |Compra Local

15 18 Borner hembra rojo 3 035 % $ 6.30 |Compra Local

16 3 Cable THHN #12 rojo 3 039 | § $ 1.17 |Compra Local

17 3 Cable THHN #12 negro 3 039 | § $ 1.17 |Compra Local

18 3 Cable THHN #12 verde 3 039 % $ 1.17 |Compra Local

19 6 Cable blindado 5 Hilos 3 700 | 8 $ 42.00 |Compra Local

20 36 Conector de ojo M6#14-16 amarillo 3 038 | § - $ 13.68 |Compra Local

21 4 Circuitos Impresos ADE7758 3 500 §$ 20.00 | § 40.00 |DHL Express

22 4 Circuito Impresos Voltaje 3 500 $ 20.00 | $ 40.00 |DHL Express

23 4 Circuito Impresos Corriente 3 5.00 | $ 20.00 | § 40.00 |DHL Express

24 1 Gabinete 3 60.00 | $ $ 60.00 |Compra Local

25 1 Juego de brocas 3 495 | % $ 4.95 |Compra Local

26 1 Cautin 3 2195 | 3 $ 21.95 |Compra Local

27 1 Estano 3 5.00 | § $ 5.00 |Compra Local

28 1 Pasta 3 195 | 3 1.95 |Compra Local

29 1 Flux 3 10.00 | $ $ 10.00 |Compra Local

30 20 Base adhesiva 3 015 | § $ 3.00 |Compra Local

31 20 Cinchos plasticos pequenos 3 0.10 | ¥ $ 2.00 |Compra Local

32 18 ;ggi'g;if(l)gé_gﬁ)%si?gmadm denucleo | g 550 g 5.00 | $ 104.00 |Correo Nacional/ Ebay
$ 760.16

Tabla 5. Presupuesto, materiales y dispositivos.

Cabe destacar que en algunos casos se elevo el costo debido a las formas de importacién

a la que se recurrieron que en base a la experiencia pueden reducirse con una mejor

planificacion e investigaciéon de formas de envio de productos a nuestro pais.
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5.1

5 CONCLUSIONES Y RECOMENDACIONES.

CONCLUSIONES.

. La compafiia Analog Devices, es lider en el desarrollo de Circuitos Integrados de

procesamiento de sefiales andlogas, digitales y mixtas, con un numero extenso de
productos que recaen en multiples industrias lo cual hace desarrollar el disefio de
diversidad de aplicaciones como en nuestro caso el de la medicién de energia.

. El desarrollo de las comunicaciones Chip to Chip como la Serial Peripheral

Interface, la cual hemos utilizado para la comunicacién con nuestra plataforma
Arduino, nos permite desarrollar de bloque en bloque la interrelacion de diversos
dispositivos, lo que nos permite crear proyectos modulares con dispositivos
desarrollados por diversos fabricantes y unificados por un protocolo de
comunicacién para el manejo de los datos.

. La plataforma de Hardware Libre Raspberry Pi, nos permitié6 contar con una

computadora portétil con los recursos necesarios para el desarrollo de nuestra
interfaz grafica, ahorrando inversion en una computadora tradicional y
disminuyendo en gran medida el espacio, ademas cabe mencionar que esta posee
comunicacién Chip to Chip SPI y I2C lo cual permite conectarse a otros
dispositivos.

. La interfaz gréfica de usuario se disefi6 flexible de tal forma que se le pueda

agregar o quitar elementos, que esta dependa de las mediciones a realizar, asi
como el nimero de medidores, se tomo en cuenta la memoria de la Raspberry Pi,
para que no utilizara muchos recursos.
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5.2

RECOMENDACIONES.

. Para tener una mayor opcién a las configuraciones que brinda el ADE7758 se debe

de disefiar un sistema de multiplexado que permita la independencia de todos los
pines de entrada del ADE7758 para tener la posibilidad de seleccion del tipo de
red ya sea esta Delta o Estrella de 3 o 4 hilos.

. El ser la Raspberry Pi un sistema mds completo ya que cuenta con la ventaja de un

sistema operativo desarrollado, con acceso al control de las entradas y salidas de
proposito general GPIO y contar con comunicaciones Chip to Chip como SPl e I2C,
se recomienda trabajarlo directamente comunicado al ADE7758 para mejorar el
tiempo de respuesta para la lectura de datos.

. Se recomienda para el desarrollo del envolvelmente (Case o Enclousure) donde

van los dispositivos, sea normado con fabricaciéon industrial que posea la
eliminacién de ruido, ya que puede generar distorsién en las pequefas sefales
utilizadas.

. Dado alos problemas generados por sefiales parasitas y a la cantidad de datos que

se estan manipulando en las comunicaciones Chip to Chip como SPI e 12C, se
recomienda que todos los componentes sean implementados en una tnica tarjeta
de circuito impreso, ya que utilizar cables generar perdida y aumento en la
distorsion de la sefial, en nuestro caso se solvent6 utilizando cableado con blindaje
y colocando los dispositivos a distancias muy cortas.
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74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer
l Rev. 9 — 26 September 2017 Product data sheet

1 General description

The 74HC4051; 74HCT4051 is a single-pole octal-throw analog switch (SP8T) suitable
for use in analog or digital 8:1 multiplexer/demultiplexer applications. The switch features
three digital select inputs (S0, S1 and S2), eight independent inputs/outputs (Yn), a
common input/output (Z) and a digital enable input (E). When E is HIGH, the switches
are turned off. Inputs include clamp diodes. This enables the use of current limiting
resistors to interface inputs to voltages in excess of Vc.

2 Features and benefits

* Wide analog input voltage range from -5V to +5V
* Complies with JEDEC standard no. 7A
* Low ON resistance:
— 80 Q (typical) at Ve - Vg = 4.5V
— 70 Q (typical) at Veg - Vgg = 6.0 V
- 60 Q (typical) at Vec - VEg = 9.0V
Logic level translation: to enable 5 V logic to communicate with £5 V analog signals
e Typical ‘break before make’ built-in
* ESD protection:
— HBM JESD22-A114F exceeds 2000 V
— MM JESD22-A115-A exceeds 200 V
— CDM JESD22-C101E exceeds 1000 V
* Multiple package options
Specified from -40 °C to +85 °C and -40 °C to +125 °C

3 Applications

* Analog multiplexing and demultiplexing
 Digital multiplexing and demultiplexing
* Signal gating

nexperia
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74HCA4051; 74HCT4051

4 Ordering information

8-channel analog multiplexer/demultiplexer

Table 1. Ordering information

Type number |Package
Temperature range |Name Description Version
74HC4051D -40 °Cto +125 °C S0O16 plastic small outline package; 16 leads; SOT109-1
74HCT4051D body width 3.9 mm
74HC4051DB |-40 °C to +125 °C SSOP16 plastic shrink small outline package; 16 leads; SOT338-1
74HCT4051DB body width 5.3 mm
74HC4051PW |-40 °C to +125 °C TSSOP16 |plastic thin shrink small outline package; 16 leads; SOT403-1
74HCT4051PW body width 4.4 mm
74HC4051BQ |-40 °C to +125 °C DHVQFN16 |plastic dual in-line compatible thermal enhanced SOT763-1
very thin quad flat package; no leads; 16 terminals;
74HCT4051BQ body 2.5 x 3.5 x 0.85 mm
5 Functional diagram
Vee
16
|;| 13| Yo
S0| 11 || |;| 14]Y1
|;| 15| Y2
s1]10 || |;| 12]Y3
LOGIC
1-OF-8 1|v4
LEVEL —
CONVERSION DECODER |;|
s2|9 || |;| 5[Y5
|;| 2|v6
Ele |;| 4|v7
__o | —} |
3|z
8 7
GND VEE 001aad543
Figure 1. Functional diagram
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8-channel analog multiplexer/demultiplexer

from
logic

11
—]0
10 0
o 1, } 7
13 1
Sof,, Y MUX/DMUX .
0 ——
1 ———
s2|, ] s
Y4 2
11— 3|12
3 [
Y5 2 1
S5H— 11—
2 ﬁ 5 | 5
Ede , 4 Y7 6|2
| i
z
001aad541 001aad542
Figure 2. Logic symbol Figure 3. IEC logic symbol
Y
Vee << Vee

]

P—Vce

I—|

-

g

m—
oo

VEE

Figure 4. Schematic diagram (one switch)
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6 Pinning information

8-channel analog multiplexer/demultiplexer

6.1 Pinning

74HC4051
74HCT4051
terminal 1 ; ;d
index area
Je
ve [2) @s] vz
z[3® (4] v1
v [ @3] vo
Y5|5 12] v
74HC4051 f B @2 vs
74HCT4051 E[6 |veam| @1 so
Vee [D (o] s1
v4 [1] [16] Voo @ @
Y6 [2] Q [15] Y2 o g
z[3] 2] Y1 5 001aad540
Y7 |Z E YO Transparent top view
Y5 (5] [12] v (1) This is not a supply pin. The substrate is attached
E (6] [11] 0 to this pad using conductive die attach material. There
Vee [7] [10] s1 is no electrical or mechanical requirement to solder this
GND [8 | 9] s2 pad.However, if it is soldered, the solder land should remain
001aad539 floating or be connected to V.
Figure 5. Pin configuration SO16, and (T)SSOP16 Figure 6. Pin configuration DHVQFN16
6.2 Pin description
Table 2. Pin description
Symbol Pin Description
E 6 enable input (active LOW)
VEE 7 supply voltage
GND 8 ground supply voltage
S0, S1, S2 11,10, 9 select input
YO0, Y1,Y2,Y3,Y4,Y5,Y6, Y7 13,14,15,12,1,5,2, 4 independent input or output
z 3 common output or input
Vee 16 supply voltage
74HC_HCT4051 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved.
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8-channel analog multiplexer/demultiplexer

7 Function description

Table 3. Function table !"!
Input Channel ON

(92}
N
(2}
-
(%2}
o

Y0toZ
Y1toZ
Y2toZ
Y3toZ
Y4toZ
Y5toZ
Y6toZ
Y7toZ

i sl ol Y el Y ol N ol ol ol O O 1
X IT|T|T|T |||
X IT|T| |||~ | &
X ||| x|~ ||

switches off

[11 H = HIGH voltage level; L = LOW voltage level; X = don’t care.

8 Limiting values

Table 4. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to Vss = 0 V (ground).

Symbol Parameter Conditions Min Max Unit
Vce supply voltage i -0.5 +11.0 \%
lik input clamping current Vi <-05VorV,>Vcc+05V - +20 mA
Isk switch clamping current |Vgyw <-0.5V or Vg > Ve + 0.5V - +20 mA
Isw switch current -0.5V<Vgy<Vec+05V - +25 mA
leg supply current - +20 mA
lcc supply current - 50 mA
loND ground current - -50 mA
Tstg storage temperature -65 +150 °C
Piot total power dissipation | SO16, (T)SSOP16, and 2l - 500 mw
DHVQFN16 package
P power dissipation per switch - 100 mw

[1] To avoid drawing V¢ current out of terminal Z, when switch current flows into terminals Yn, the voltage drop across the bidirectional switch must not
exceed 0.4 V. If the switch current flows into terminal Z, no V¢ current will flow out of terminals Yn, and in this case there is no limit for the voltage drop
across the switch, but the voltages at Yn and Z may not exceed V¢ or Vgg.

[2] For SO16 packages: above 70 °C the value of Py, derates linearly with 8 mW/K.

For SSOP16 and TSSOP16 packages: above 60 °C the value of Py derates linearly with 5.5 mW/K.
For DHVQFN16 packages: above 60 °C the value of Py, derates linearly with 4.5 mW/K.

74HC_HCT4051 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved.
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9 Recommended operating conditions

8-channel analog multiplexer/demultiplexer

Table 5. Recommended operating conditions

Symbol |Parameter Conditions 74HC4051 74HCT4051 Unit
Min Typ Max Min Typ Max
Vee supply voltage |see Figure 7
and Figure 8
Vee - GND 20 5.0 10.0 4.5 5.0 5.5 V
Vee - VEE 2.0 5.0 10.0 2.0 5.0 10.0 \Y
\/ input voltage GND - Vee GND - Vee \
VSW switch voltage VEE - VCC VEE - VCC V
Tamb ambient -40 +25 +125 -40 +25 +125 °C
temperature
AYAV input transition |Vgc=2.0V - - 625 - - - ns/V
”Ste and fall Vec =45V - 1.67 139 - 1.67 139 ns/V
rate
Vec=6.0V - - 83 - - - ns/\V
Veec =100V - - 31 - - - ns/\V
10 : 001aad545 10 : 001aad546
Vcc- GND Vcc- GND
W) V)
8 8
6 operating area 6
operating area
4 4
2 2
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Vce- VEE (V) Vce- VEE (V)
Figure 7. Guaranteed operating area as a function of Figure 8. Guaranteed operating area as a function of
the supply voltages for 74HC4051 the supply voltages for 74HCT4051
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8-channel analog multiplexer/demultiplexer

10 Static characteristics

Table 6. Rop resistance per switch for 74HC4051 and 74HCT4051

V, =V or Vv, for test circuit see Figure 9.

Vis is the input voltage at a Yn or Z terminal, whichever is assigned as an input.

Vs IS the output voltage at a Yn or Z terminal, whichever is assigned as an output.

For 74HC4051: Vo - GND or Voo - Vee =2.0V, 4.5V, 6.0 Vand 9.0 V.

For 74HCT4051: Voc-GND =4.5Vand 5.5V, Voo - Vee=2.0V, 4.5V, 6.0 Vand 9.0 V.

Symbol |Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘Unit

Tamb =25 °C

Ron(peak) | ON resistance (peak) Vis = Ve to Veg
Ve = 2.0 V; Veg = 0 V; Isy = 100 pA e - -
Vee =4.5V; Veg = 0 V; Igw = 1000 pA - 100 | 180 |Q
Ve =6.0V; Veg =0V, Isw = 1000 pA - 90 160 Q
Voo = 4.5 V; Veg = -4.5 V; Igyy = 1000 pA - 70 130 Q

Rongraiy | ON resistance (rail) Vis = VEg
Vo = 2.0 V; Veg = 0 V; Isw = 100 pA o 150 -0
Voo = 4.5 V; Veg = 0 V; Igyy = 1000 pA - 80 140 Q
Vee = 6.0 V; Veg = 0 V; Iy = 1000 pA - 70 120 Q
Voo = 4.5 V; Veg = -4.5 V; Igyy = 1000 pA - 60 105 |Q

Vis = Vce

Ve = 2.0 V; Veg = 0 V; Isy = 100 pA o 150 -
Voo = 4.5 V; Veg = 0 V; Igy = 1000 pA - 90 160 Q
Voe = 6.0 V; Veg = 0 V; Igyy = 1000 pA - 80 140 Q
Voe = 4.5 V; Veg = -4.5V; lgy = 1000 pA - 65 120 Q

ARpN ON resistance mismatch Vis = Ve to Vee

between channels Vee=2.0V; Vge =0V [11 . . . Q

Vec =45V Vge =0V - 9 - Q
Vec=6.0V; Vge =0V - 8 -0
Voc =4.5V; Vgg =-4.5V - 6 -0

74HC_HCT4051 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved.
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8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Tamb = -40 °C to +85 °C
Ronipeak) | ON resistance (peak) Vis = Ve to VEg
Vo = 2.0 V; Veg = 0 V; Isw = 100 pA o - -
Ve =45 V; Veg = 0V, lgy = 1000 pA - - 225 |Q
Vee = 6.0 V; Veg = 0V, lgy = 1000 pA - - 200 Q
Vee =45 V; Vgg = -4.5 V; Igw = 1000 pA - - 165 |Q
Rongraiy |ON resistance (rail) Vis = VEg
Ve = 2.0 V; Veg = 0 V; Isy = 100 pA o - -
Ve =45 V; Veg =0 V; lgy = 1000 pA - - 175 |Q
Vee =6.0V; Veg =0V, lgy = 1000 pA - - 150 |Q
Vee =45 V; Vgg = -4.5 V; Igyy = 1000 pA - - 130 | Q
Vis = Vee
Vee = 2.0 V; Veg = 0 V; Igy = 100 pA e - -
Vee =4.5V; Veg =0 V; lgy = 1000 pA - - 200 Q
Vee = 6.0 V; Vee = 0V, lgy = 1000 pA - - 175 |Q
Vee =45 V; Vgg = -4.5 V; Igyy = 1000 pA - - 150 | Q
Tamb = -40 °C to +125 °C
Ronipeak) | ON resistance (peak) Vis = Ve to VEg
Vee = 2.0 V; Veg = 0 V; Igyy = 100 pA e - - o
Ve =45 V; Veg = 0V, lgy = 1000 pA - - 270 |Q
Vee = 6.0 V; Veg = 0V, lgy = 1000 pA - - 240 |Q
Vee =45 V; Vgg = -4.5 V; Igw = 1000 pA - - 195 |Q
Rongraiy |ON resistance (rail) Vis = VEg
Ve = 2.0 V; Veg = 0 V; Isy = 100 pA o - -
Vee =45 V; Veg = 0 V; lgy = 1000 pA - - 210 |Q
Vee =6.0V; Veg =0V, lgy = 1000 pA - - 180 |Q
Vee =45 V; Vgg = -4.5 V; Igyy = 1000 pA - - 160 Q
Vis = Vce
Vee = 2.0 V; Veg = 0 V; Igy = 100 pA e - -
Vee =4.5V; Veg =0V, lgy = 1000 pA - - 240 Q
Vee = 6.0 V; Vee = 0V, lgy = 1000 pA - - 210 |Q
Vee =45 V; Vgg = -4.5 V; Igyy = 1000 pA - - 180 Q
[1] When supply voltages (Vg - Veg) near 2.0 V the analog switch ON resistance becomes extremely non-linear. When using a supply of 2 V, it is
recommended to use these devices only for transmitting digital signals.
7aHC_HCT4051 Allnfrmaion provided i this document s subject o legal disclaimers.  Nexperia B.V. 2017, Al ights reserved.

Product data sheet Rev. 9 — 26 September 2017
8/32



Nexperia

74HCA4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

110 mnb047
RoN Q)
Q)
90 /\\ / \
/ N PN
/ ~
Vv N A
\/ AN
|Vee 50 O —
from select Sn| __
input ]
wl | |z 30
C)vis /J7GND VEE é@w
10
001aan389 0 1.8 3.6 5.4 7.2 9.0
Vie =0V to (Vo - Veg) Vi)
is = 0 (Vcc - VEE)-
® Vis = 0V to (Ve - Vee).
1% (1) VCC =45V
Rn = W
ON~ Toy (2)Vec=6V
(3)Vec=9V
Figure 9. Test circuit for measuring Roy Figure 10. Typical Rpoy as a function of input voltage Vi

Table 7. Static characteristics for 74HC4051
Voltages are referenced to GND (ground = 0 V).
Vis Is the input voltage at pins Yn or Z, whichever is assigned as an input.

Vs is the output voltage at pins Z or Yn, whichever is assigned as an output.

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Tamp =25°C
Vi HIGH-level input |Vgc=2.0V 1.5 1.2 - \
voltage Vec =45V 3.15 2.4 - v
Vec=6.0V 4.2 3.2 - \Y
Ve =9.0V 6.3 4.7 - \Y
VL LOW-level input |[Vec=2.0V - 0.8 0.5 \%
voltage Vec =45V - 2.1 135 |V
Ve =6.0V - 2.8 1.8 \Y
Ve =9.0V - 4.3 2.7 \Y
I input leakage Vee =0V; V,=Vcc or GND
current Vec =6.0V - - 01 pA
Vec =100V - - 0.2 MA
Is(oFF) OFF-state Vee=10.0V; Vg =0V; V|=VyorV;
leakage current | |Vg| = Ve - Veg; see Figure 11
per channel - - 0.1 MA
all channels - - +0.4 MA
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8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions Min Typ Max Unit
Is(on) ON-state leakage |V, =V orVy; [Vswl| = Vce - VEE; - - 0.4 MA
current Vee =10.0 V; Vgg = 0 V; see Figure 12
lcc supply current Veg =0 V; V, =V or GND; Vs = Vg or Vec;
Vos = Ve or Ve
Vec=6.0V - - 8.0 MA
Ve =100V - - 16.0 MA
C input capacitance - 3.5 - pF
Csw switch independent pins Yn - 5 - pF
capacitance common pins Z - 25 - pF
Tamp = -40 °C to +85 °C
ViH HIGH-level input  |Vcc=2.0V 1.5 - - \%
voltage Vec =45V 3.15 - - Vv
Vec=6.0V 4.2 - - \Y
Vee=9.0V 6.3 - - \Y
Vi LOW-level input |[Vgc=2.0V - - 0.5 \%
voltage Vec =45V - - 135 |V
Vec=6.0V - - 1.8 \Y,
Vee=9.0V - - 2.7 \Y
I input leakage Vee =0V; V,=Vcc or GND
current Vee=6.0V - - +1.0 pA
Vee =100V - - 2.0 MA
Isorr) | OFF-state Vee=100V; VEg =0V; V,=V|yorV;
leakage current | |Vgy| = Ve - Veg; see Figure 11
per channel - - 1.0 MA
all channels - - 4.0 MA
Is(on) ON-state leakage |V, = V4 orVy; |[Vswl| = Vce - VEE; - - 4.0 MA
current Vee =10.0 V; Veg = 0 V; see Figure 12
lcc supply current Vee =0V; V| =V or GND; Vis = Vgg or Vg
Vos = Ve or VEg
Ve =6.0V - - 80.0 MA
Vec =100V - - 160.0 |pA
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8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Tamp = -40 °C to +125 °C
ViH HIGH-level input |Vcc=2.0V 1.5 - \%
voltage Veg =45V 3.15 LY
Vec=6.0V 4.2 - \Y
Ve =9.0V 6.3 - \Y
Vi LOW-level input |Vgc=2.0V - 0.5 \%
voltage Vec=4.5V - 1.35 \
Vec=6.0V - 1.8 \Y
Ve =9.0V - 2.7 \Y
I input leakage Vee =0V; V|, =Vcc or GND
current Vee=6.0V - 1.0 pA
Vee =100V - 2.0 MA
Is(oFF) OFF-state Vec=10.0V; Vgg=0V; V| =VyorV;
leakage current | |Vg| = Ve - Veg; see Figure 11
per channel - 1.0 pA
all channels - +4.0 MA
Is(on) ON-state leakage |V|=Vyor Vi [Vsw| = Vec - VeE; - #0 |pA
current Vee =10.0 V; Veg = 0 V; see Figure 12
lcc supply current Vee =0 V; V, =V or GND; Vs = Veg or Vg
Vos = Vcc or Vee
Vec=6.0V - 160.0 |pA
Vee =100V - 3200 |pA
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Table 8. Static characteristics for 74HCT4051
Voltages are referenced to GND (ground = 0 V).

Vis is the input voltage at pins Yn or Z, whichever is assigned as an input.
Vs IS the output voltage at pins Z or Yn, whichever is assigned as an output.

8-channel analog multiplexer/demultiplexer

Symbol |Parameter Conditions ‘ Min Typ Max ‘ Unit
Tamp =25 °C
ViH HIGH-level input |Vgc=4.5V1t055V 2.0 1.6 - \%
voltage
Vi LOW-level input Vgc=4.5Vto55V - 1.2 0.8 \%
voltage
I input leakage Vi=Vecor GND; Vg =5.5V; VEg =0V - - +0.1 MA
current
IS(OFF) OFF-state VCC =10.0V; VEE =0V, V| = V|H or V||_;
leakage current | |\/g| = Ve - Veg; see Figure 11
per channel - - +0.1 MA
all channels - - +0.4 MA
IS(ON) ON-state VCC =10.0V; VEE =0V; V| = VlH or V||_; - - 0.4 HA
leakage current | |Vg| = Ve - Veg; see Figure 12
lcc supply current V| = Ve or GND; Vs = VEg or Ve
Vos = Ve O Veg
VCC =55V, VEE =0V - - 8.0 HA
Vec=5.0V; Vg =-5.0V - - 16.0 MA
Alce additional supply |per input; V| = Vcc - 2.1 V; other inputs at V¢ - 50 180 MA
current or GND; Vec=4.5V1t055V; Vgg =0V
C input - 35 - pF
capacitance
Cew switch independent pins Yn - 5 - pF
capacitance common pins Z - 25 - pF
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8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Tamb = -40 °C to +85 °C
ViH HIGH-level input |Vecc=4.5Vt055V 2.0 - - V
voltage
Vi LOW-level input Vgc=4.5Vt055V - - 0.8 \Y,
voltage
I input leakage V| =Vgcor GND; Vg =5.5V; Vgg =0V - - 1.0 MA
current
IS(OFF) OFF-state VCC =10.0V; VEE =0V; V| = VIH or V||_;
leakage current | |\/g| = Ve - Veg; see Figure 11
per channel - - 1.0 MA
all channels - - +4.0 MA
IS(ON) ON-state VCC =10.0V; VEE =0V; V| = V|H or V||_; - - +4.0 UA
leakage current | |Vgu| = Ve - Veg; see Figure 12
lcc supply current V| = V¢ or GND; Vig = Vgg or Veg;
Vos = Ve O Veg
VCC =55V; VEE =0V - - 80.0 }JA
Vec=5.0V; Vg =-5.0V - - 160.0 |pA
Alcc additional supply |perinput; V| =V¢c - 2.1 V; other inputs at V¢ - - 225 MA
current or GND; Vec=4.5Vt055V; Vgg =0V
Tamb = -40 °C to +125 °C
Vi4 HIGH-level input Vgc=4.5Vt05.5V 20 - - V
voltage
Vi LOW-level input Vgc=4.5Vto55V - - 0.8 \%
voltage
I input leakage Vi=Vecor GND; Vee =5.5V; VEg =0V - - +1.0 MA
current
IS(OFF) OFF-state Vee=10.0V; Vgg =0V; Vi, =ViyorV;
leakage current | |Vg| = Ve - Veg; see Figure 11
per channel - - +1.0 MA
all channels - - 4.0 MA
IS(ON) ON-state VCC =100V;Vge=0V;V,=VorV; - - +4.0 }JA
leakage current | |Vgy| = Ve - Veg; see Figure 12
lec supply current V| = Ve or GND; Vis = Vgg or Veg;
Vos = Ve OF VEg
Vec=55V;Vgg =0V - - 160.0 |pA
Vec=5.0V;Vgg=-5.0V - - 320.0 |pA
Alge additional supply |per input; V| = Ve - 2.1 V; other inputs at V¢ - - 245 MA
current or GND; Ve =4.5V1t055V; Vgg =0V

74HC_HCT4051
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Nexperia 74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

|Vee
from select Sn [ ___
input lsw I lsw
A nYn / nZ A
Vis /J7GND VEE Vos
001aah827
Vis = Vgc and Vg = VEg.
Vis = VEE and VOS = Vcc.
Figure 11. Test circuit for measuring OFF-state current
\Y
HIGH s [Vee
from select ——— =01
input Isw :
nYn nZ Vos
Vis /J7GND VEE
001aah828
Vs = Ve and Vs = open-circuit.
Vis = Vee and Vg = open-circuit.
Figure 12. Test circuit for measuring ON-state current
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Nexperia 74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

11 Dynamic characteristics

Table 9. Dynamic characteristics for 74HC4051

GND =0 V; t,=t;= 6 ns; C,_ = 50 pF; for test circuit see Figure 15.

Vis is the input voltage at a Yn or Z terminal, whichever is assigned as an input.
Vs IS the output voltage at a Yn or Z terminal, whichever is assigned as an output.

Symbol |Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘Unit
Tamb =25 °C
tpd propagation delay |Vis to Vs, R = = Q; see Figure 13 0]
Vec=2.0V;Vgg=0V - 14 60 ns
Vec=45V;Vgg =0V - 5 12 ns
Vec=6.0V;Vge =0V - 4 10 ns
Ve =4.5V;Vgg=-45V - 4 8 ns
ton turn-on time E to Vos; R = © Q; see Figure 14 f2]
Vee=2.0V;Vge=0V - 72 345 ns
Vec=4.5V;Vgg=0V - 29 69 ns
Vec=5.0V; VEg=0V; C_ =15 pF - 22 - ns
Vec=6.0V;Vgg =0V - 21 59 ns
Vec=4.5V;Vgg=-4.5V - 18 51 ns

Snto Vg RL = = Q; see Figure 14 (2]

Vecg=2.0V;Vgg=0V - 66 345 ns
Ve =45V, Vgg=0V - 28 69 ns
Vee=5.0V;Vgg=0V; C_=15pF - 20 - ns
Vec=6.0V;Vge =0V - 19 59 ns
Veg=4.5V;Vgg=-45V - 16 51 ns
toff turn-off time E to Vos; RL = 1 kQ; see Figure 14 3]
Vee=2.0V;Vgg=0V - 58 290 ns
Vec=45V;Vge =0V - 31 58 ns
Vec=5.0V; VEg=0V; C_ =15 pF - 18 - ns
Vec=6.0V;Vgg =0V - 17 49 ns
Vec=45V;Vgg =45V - 18 42 ns

Snto Ve R = 1 kQ; see Figure 14 3]

Vec=2.0V;Vgg=0V - 61 290 ns

Vec=4.5V; Vg =0V - 25 58 ns

Vec=5.0V;Vgg=0V;C_=15pF - 19 - ns

Vec=6.0V;Vgg =0V - 18 49 ns

Vec=4.5V;Vgg=-45V - 18 42 ns
74HC_HCT4051 Al information provided in this document is subject to legal disclaimers. ©Nexperia B.V. 2017. Al rights reserved.
Product data sheet Rev. 9 — 26 September 2017
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Nexperia 74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions Min Typ Max | Unit
Cep power dissipation |per switch; V, = GND to V¢ [4] - 25 - pF
capacitance

Tamb = 40 °C to +85 °C

M

tpd propagation delay | Vs to Vs; R = « Q; see Figure 13
Vec=2.0V;Vgg=0V - - 75 ns
Vec=45V;Vgg=0V - - 15 ns
Vec=6.0V;Vge=0V - - 13 ns
Vec=4.5V; Vg =-45V - - 10 ns
ton turn-on time E to Vos; R = © Q; see Figure 14 f2]
Vee=2.0V;Vgg=0V - - 430 ns
Vec=45V;Vge =0V - - 86 ns
Ve =6.0V;VEg =0V - - 73 ns
Vec=4.5V; Vgg=-45V - - 64 ns

Sn to Vg R = = Q; see Figure 14 [2]

Vee =2.0V; Vge =0V - - 430 | ns
Vec =4.5V; Vge =0V - - 86 |ns
Vec=6.0V; Vg =0V - - 73 |ns
Vee=4.5V; Vge =45V - - 64 |ns
toff turn-off time E to Vgs; R = 1 kQ; see Figure 14 31
Vee =2.0V; Vge =0V - - 365 |ns
Vec=45V; Vg =0V - - 73 |ns
Vee=6.0V; Vge =0V - - 62 |ns
Vec=4.5V; Vgg = -4.5V - - 53 |ns

Sn to Vg; RL = 1 kQ; see Figure 14 Bl

Vec=20V;Vgg=0V - - 365 ns

Vec=45V;Vgg=0V - - 73 ns

Vec=6.0V;Vgg =0V - - 62 ns

Vec =45V, Vgg=-45V - - 53 ns
74HC_HCT4051 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved.
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8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘Unit
Tamp = -40 °C to +125 °C
tpd propagation delay | Vs to Vs; R = = Q; see Figure 13 0]
Vec=2.0V;Vgg=0V - - 90 ns
Vec=4.5V;Vgg=0V - - 18 ns
Ve =6.0V;VEg =0V - - 15 ns
Vec=4.5V; Vgg=-45V - - 12 ns
ton turn-on time E to Vos; R = » Q; see Figure 14 f2]
Vec=2.0V;Vgg=0V - - 520 |ns
Veg=4.5V;Vgg=0V - - 104 |ns
Vec=6.0V;Vgg =0V - - 88 ns
Vec=4.5V;Vgg=-4.5V - - 77 ns
Snto Vg RL = = Q; see Figure 14 (2]
Ve =2.0V;Vgg=0V - - 520 |ns
Vec=4.5V;Vgg=0V - - 104 |ns
Vec=6.0V;VeEg =0V - - 88 ns
Vec=4.5V;Vgg=-45V - - 77 ns
toff turn-off time E to Vos; RL = 1 kQ; see Figure 14 [3]
Vec=2.0V;Vgg=0V - - 435 |ns
Vec=4.5V;Vgg=0V - - 87 ns
Vec=6.0V; Vg =0V - - 74 ns
Veg=4.5V; Vg =-45V - - 72 ns
Sn to Vgg; R = 1 kQ; see Figure 14 3]
Vec=2.0V;Vgg=0V - - 435 |ns
Vec=4.5V;Vgg =0V - - 87 ns
Ve =6.0V;VEg =0V - - 74 ns
Vec=4.5V; Vgg=-45V - - 72 ns

(1
[2]
3]
[4]

74HC

_HCT4051

tpa is the same as tpy and tp .

ton is the same as tpzy angd tpzL-

toff is the same as tpyz and tp 7.

Cpp is used to determine the dynamic power dissipation (Pp in pW).

Pb = Cpp X Vo2 X i x N + Z{(C_ + Cey) X Vo2 X f,} where:
f, = input frequency in MHz;

fo = output frequency in MHz;

N = number of inputs switching;

T{(CL + Can) X V2 x fo} = sum of outputs;

C, = output load capacitance in pF;

Csw = switch capacitance in pF;

V¢ = supply voltage in V.

All information provided in this document is subject to legal disclaimers.
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Nexperia 74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

Table 10. Dynamic characteristics for 74HCT4051

GND =0 V; t.=t;= 6 ns; C, = 50 pF; for test circuit see Figure 15.

Vis is the input voltage at a Yn or Z terminal, whichever is assigned as an input.
Vs IS the output voltage at a Yn or Z terminal, whichever is assigned as an output.

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Tamb =25 °C
tod propagation delay | Vs to Vos; R = = Q; see Figure 13 n
Vec=45V;Vge=0V - 5 12 ns
Vec=4.5V;Vgg=-45V - 4 8 ns
ton turn-on time E to Vos; RL = 1 kQ; see Figure 14 2l
Vec=4.5V; Vgg=0V - 26 55 ns
Vee=5.0V; Vge=0V; C_=15pF - 22 - ns
Vec=4.5V;Vgg=-45V - 16 39 ns
Sn to Vgs; RL = 1 kQ; see Figure 14 2l
Vec=4.5V; Vgg =0V - 28 55 ns
Vee=5.0V; Vge=0V; C_=15pF - 24 - ns
Vec=4.5V;Vgg=-45V - 16 39 ns
toff turn-off time E to Vos; RL = 1 kQ; see Figure 14 Bl
Vec=4.5V; Vgg=0V - 19 45 ns
Vee=5.0V; Vge=0V; C_=15pF - 16 - ns
Vec=4.5V;Vgg=-45V - 16 32 ns
Sn to Vgs; R = 1 kQ; see Figure 14 Bl
Vec=4.5V; Vgg=0V - 23 45 ns
Vee=5.0V; Vge=0V; C_=15pF - 20 - ns
Vec=4.5V; Vgg=-45V - 16 32 ns
Cep power dissipation |per switch; V|=GND to Vgc-1.5V 41 - 25 - pF
capacitance
Tamp = -40 °C to +85 °C
tpd propagation delay |Vis to Vs; R = = Q; see Figure 13 o
Vec=4.5V; Vgg=0V - - 15 ns
Vec=4.5V; Vgg=-45V - - 10 ns
ton turn-on time E to Vgs; R = 1 kQ; see Figure 14 2
Vec =45V, Vgg=0V - - 69 ns
Vec=4.5V; Vgg=-45V - - 49 ns
Snto Vg R. = 1 kQ; see Figure 14 2l
Vec=45V;Vge =0V - - 69 ns
Vec=4.5V;Vgg=-45V - - 49 ns
74HC_HCT4051 Al information provided in this document is subject to legal disclaimers. ©Nexperia B.V. 2017. All rights reserved.
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Nexperia 74HC4051; 74HCT4051

8-channel analog multiplexer/demultiplexer

Symbol Parameter Conditions Min Typ Max | Unit
toff turn-off time E to Vos; RL = 1 kQ; see Figure 14 3]
Vec=45V; Vgg=0V - - 56 ns
Vec=4.5V; Vgg=-45V - - 40 ns

Snto Ve RL = 1 kQ; see Figure 14 3]

Vec=45V;VeEg=0V - - 56 ns
Vec=4.5V; Vgg=-45V - - 40 ns
Tamp = 40 °C to +125 °C
tpd propagation delay |Vis to Vs RL = < Q; see Figure 13 (]
Vec=4.5V;VeEg=0V - - 18 ns
Vec=4.5V; Vgg=-45V - - 12 ns
ton turn-on time Eto Vos; R = 1 kQ; see Figure 14 2l
Vec=4.5V;Vgg=0V - - 83 ns
Vec=4.5V; Vgg=-45V - - 59 ns

Sn to Vgs; RL = 1 kQ; see Figure 14 2l

Vec=45V;Vgg =0V - - 83 ns

Vec=45V;Vge =45V - - 59 ns
toff turn-off time E to Vos; RL = 1 kQ; see Figure 14 3]

Vec=45V; Vgg=0V - - 68 ns

Vec=45V;Vgg =45V - - 48 ns

Sn to Vos; Ry = 1 kQ; see Figure 14 3]

VCC =45V, VEE =0V - - 68 ns
Vee=4.5V; Vg =-45V - - 48 |ns

[1] tyq is the same as tpy and tp .
[2] ton is the same as tpzy ang tpzL-
[3] toffis the same as tpyz and tp 7.
[4] Cpp is used to determine the dynamic power dissipation (Pp in pW).
Pb = Cpp X Vo2 X i x N + Z{(C| + Cey) X Vo2 X f,} where:
f, = input frequency in MHz;
fo = output frequency in MHz;
N = number of inputs switching;
T{(CL + Can) X V2 x fo} = sum of outputs;
C, = output load capacitance in pF;
Csw = switch capacitance in pF;
Ve = supply voltage in V.

74HC_HCT4051 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2017. All rights reserved.
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8-channel analog multiplexer/demultiplexer

Vis input

Vs output
001aad555
Figure 13. Input (Vjs) to output (V,s) propagation delays
Vi
E, Sn inputs /VM \\
ov—-/
~—tpLz — —| trzL |~
Vs output 50 %
10 %

Vs output

switch ON —»l«——— switch OFF ——»I<«— switch ON

001aad556
For 74HC4051: Vjy = 0.5 x Vce.
For 74HCT4051: Vjy = 1.3 V.

Figure 14. Turn-on and turn-off times
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tw |
V
"0 %\ 4
negative
pulse Vm Vi
10 %
oV
—> tf L— — tr le—
— t ‘4— -t -
\%
3 90 %
positive
pulse Vi Vi
0,
oV 10 A>7 \
tw
Vee Vis Vce
\ | Vos R S1 J
PULSE ~ ~ L —
GENERATOR puT l :'_C/_ open

RT CL
o T GND

VEE
001aae382

Definitions for test circuit; see Table 11:

Rt = termination resistance should be equal to the output impedance Z, of the pulse generator.
C. = load capacitance including jig and probe capacitance.

R_ = load resistance.

S1 = Test selection switch.

Figure 15. Test circuit for measuring switching times

Table 11. Test data

Test Input Load S1 position
Vi Vis tr, t CL RL
at finax other ["!
teHL, tPLH 2l pulse <2ns 6 ns 50 pF 1kQ open
tozp, tPHZ 2l Vee <2ns 6 ns 50 pF 1kQ VEE
tozL, tpLz 2l VEE <2ns 6 ns 50 pF 1kQ Vee

[1] t; =t = 6 ns; when measuring frax, there is no constraint to t, and t; with 50 % duty factor.
[2] V,values:

For 74HC4051: V| = V¢

For 74HCT4051: V, =3V

74HC_HCT4051
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8-channel analog multiplexer/demultiplexer

11.1 Additional dynamic characteristics

Table 12. Additional dynamic characteristics

Recommended conditions and typical values; GND =0 V; Tymp = 25 °C; C. = 50 pF.
Vs is the input voltage at pins nYn or nZ, whichever is assigned as an input.

Vs is the output voltage at pins nYn or nZ, whichever is assigned as an output.

Symbol |Parameter Conditions Min | Typ | Max |Unit
dsin sine-wave distortion fi=1kHz; R_ = 10 kQ; see Figure 16
Vis =4.0V (p-p); Vecc =2.25V; Vgg =-2.25V - 0.04 - %
Vis=8.0V (p-p); Vec =4.5V; Vgg =-45V - 0.02 - %
fi=10 kHz; R_ = 10 kQ; see Figure 16
Vis =4.0V (p-p); Vcc =2.25V; Vgg =-2.25V - 0.12 - %
Vis =8.0V (p-p); Vcc =4.5V; Vgg =45V - 0.06 - %
Qiso isolation (OFF-state) R, =600 Q; fi = 1 MHz; see Figure 17
Ve =2.25V; Veg = -2.25V o -50 - dB
Vec=4.5V; Vgg = -4.5V o -50 - dB
Vet crosstalk voltage peak-to-peak value; between control and any

switch; R =600 Q; f; = 1 MHz; E or Sn square
wave between V¢ and GND; t, = t; = 6 ns; see

Figure 18
Vec=45V; Vge =0V - 110 - mv
VCC =45 V; VEE =45V - 220 - mV
f3dB) -3 dB frequency response R, =50 Q; see Figure 19
Vee = 2.25 V; Vg = -2.25 V er . 170 - |MHz
Vec =4.5V; Vgg =45V . 180 - |MHz

[1] Adjust input voltage Vis to 0 dBm level (0 dBm =1 mW into 600 Q).
[2] Adjust input voltage Vs to 0 dBm level at Vs for 1 MHz (0 dBm = 1 mW into 50 Q).

|Vee

Sn

1
1
uF i
I Yn/Z | v

001aan385

Figure 16. Test circuit for measuring sine-wave distortion
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8-channel analog multiplexer/demultiplexer

|Vee
Sn |
0.1 uF H
Vis = = Yn/Z 0/ Z/IYn l Vos
|VEE GND ||, TCL @
001aan386
Vec=4.5V;GND =0V; Vgg =-4.5V; R_. =600 Q; Rg =1kQ.
a. Test circuit
0 001aae332
Qiso
(dB)
-20
/~a/
-40 ///
A
//
-60 //4/
o fl
-80
//
-100
10 102 103 104 105 106
fi (kHz)
b. Isolation (OFF-state) as a function of frequency
Figure 17. Test circuit for measuring isolation (OFF-state)
|j2R|_ Vee 2RL -
sn,E[C_
: Vct
Yn| 1 |z
[JZRL VEe |GND | |2r. % oscilloscope
[ | 001aan387
Figure 18. Test circuit for measuring crosstalk between control input and any switch
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8-channel analog multiplexer/demultiplexer

Sn
10 pF
Vie 1 Yn/z
/47 001aan385
Vec=4.5V;GND =0V, Vgg =-45V; R. =50 Q; Rg =1 kQ.
a. Test circuit
5 001aad551
VOS
(dB)
3
1
1 \\
-3
-5
10 102 103 104 105 106
f (kHz)
b. Typical frequency response
Figure 19. Test circuit for frequency response
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8-channel analog multiplexer/demultiplexer

12 Package outline

S016: plastic small outline package; 16 leads; body width 3.9 mm SOT109-1
A ‘ ~__
(Oly] e He »d=] v @[A]
»\Z
16 ‘ 9
‘ |
| T Q
A _—
- - - % - - - 2 Aq b oAy A
pin 1 index ! i i *
/- f e
| LP
0 b Hﬂ tﬂ 000 o -
[e] »‘b detail X
P
0 2.5 5 mm
L P
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A 1 1 1
UNIT | o A | Az | As bp c pM | EM | e He L Lp Q v w y zM | o
0.25 | 1.45 049 | 0.25 | 10.0 | 4.0 6.2 10 | 07 0.7
mm 178 040 | 125 | 92% | 036 | 019 | 98 | 38 | 27| 58 | 5| 04 | 06 | 0| 025 01 | g3 | 4o
. 0.010 | 0.057 0.019 [0.0100| 0.39 | 0.16 0.244 0.039 | 0.028 0.028| 0°
inches | 0.069 | 4 604 | 0.049 | %O | 0.014 |0.0075| 0.38 | 0.15 | %% | 0.228 | %941 | 0016 | 0.020 | 001 | 001 | 000415545
Note
1. Plastic or metal protrusions of 0.15 mm (0.006 inch) maximum per side are not included.
REFERENCES
VERSION PROJECTION | 'SSUEDATE
IEC JEDEC JEITA
SOT109-1 076E07 MS-012 g @ 0939_022_21 9
Figure 20. Package outline SOT109-1 (SO16)
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8-channel analog multiplexer/demultiplexer

SSOP16: plastic shrink small outline package; 16 leads; body width 5.3 mm SOT338-1
- D > | E IQ @
_ | | _ A7 \
| | / \
{ ‘ — J
LT W
Ny | N /r
O]y ] He =

1 RAAARE

A S
-+t ’ CONG

Py
pin 1 index

| ty
| f oL
| B

- -

0 2.5 5 mm

| ‘sclale‘ ‘
DIMENSIONS (mm are the original dimensions)
UNIT m:x_ Ay | Ay | A3 | by c | DM EM| e He L L, | Q v w y |z ] @
o |2 [0 |1 [oas [0 |33 | 55 | & [ows [ 73 [ [ ] 03 |02 [0 o 58] &
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

REFERENCES

VERSION IEC JEDEC JEITA

SOT338-1 MO-150 =} @ oot

Figure 21. Package outline SOT338-1 (SSOP16)
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8-channel analog multiplexer/demultiplexer

TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1

c—= ‘ T Sy
H d
~—
oly] He =[V@[A]
T z
16 9
‘ |
| i
| (L
Ao I (A3) A
N T Aq
pin 1 index i
. L 1
‘ f bie
‘ |-— LP+
; l—— | ——»
1 8
detail X
o g
0 25 5 mm
L I | I J
scale
DIMENSIONS (mm are the original dimensions)
A 1 2 1
UNIT | 2| A1 | A2 | Ag bp c pM| E@ | e He L Lp Q v w y zM| o
0.15 | 0.95 0.30 | 0.2 5.1 45 6.6 075 | 04 0.40 8°
mm 1 0.05 | 0.80 025 0.19 | 0.1 4.9 43 065 6.2 1 050 | 0.3 0.2 1013 1 01 0.06 0°
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION

SOT403-1 MO-153 E} @ 03-02-18

Figure 22. Package outline SOT403-1 (TSSOP16)
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DHVQFN16: plastic dual in-line compatible thermal enhanced very thin quad flat package; no leads;
16 terminals; body 2.5 x 3.5 x 0.85 mm SOT763-1
o p8]
\ I
\
|
! A
| A !
—_t — — ‘ — - - — E v c
terminal 1 —— !
index area ‘
terminal 1
index area
— [ b S[v@[c[Ale]  [/lch- Y]
" 2 | ; #lw@lc
M URURVIVEY
N |
' |
= | e
e B S -
| p
i16 EE: 9 / N
| / \
I [ \
AlIANAIIANA | |
\ /
15 ! 10 N /
Dh ~ ~—
]
0 2.5 5 mm
| | |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT| e | A1 b c | D] b, | EM| Ep e eq L v w y V1
0.05 | 0.30 36 | 215 | 2.6 | 1.15 0.5
mm1 1000 | 018| %2 | 34 | 185 | 24 | 085 | %5 | 25| g3 | O1 | 005005 01
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION ISSUE DATE
62-16-17-
SOT763-1 --- MO-241 --- = @ 030107
Figure 23. Package outline SOT763-1 (DHVQFN16)
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13 Abbreviations

8-channel analog multiplexer/demultiplexer

Table 13. Abbreviations

Acronym Description

CDM Charged Device Model
DUT Device Under Test
ESD ElectroStatic Discharge
HBM Human Body Model
MM Machine Model

14 Revision history

Table 14. Revision history

Document ID

Release date Data sheet status

Change notice

Supersedes

74HC_HCT4051 v.9

20170926 Product data sheet

74HC_HCT4051 v.8

Modifications:
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Modifications: * CDM added to features.
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Modifications:
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15 Legal information
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15.1 Data sheet status

Document status!"? Product status Definition

Objective [short] data sheet Development This document contains data from the objective specification for product
development.

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification.

Product [short] data sheet Production This document contains the product specification.

[11  Please consult the most recently issued document before initiating or completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple
devices. The latest product status information is available on the Internet at URL http://www.nexperia.com.

15.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the
relevant full data sheet, which is available on request via the local Nexperia
sales office. In case of any inconsistency or conflict with the short data sheet,
the full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and customer have explicitly
agreed otherwise in writing. In no event however, shall an agreement be
valid in which the Nexperia product is deemed to offer functions and qualities
beyond those described in the Product data sheet.

15.3 Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia. In no event shall Nexperia be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory. Notwithstanding any damages that
customer might incur for any reason whatsoever, Nexperia's aggregate and
cumulative liability towards customer for the products described herein shall
be limited in accordance with the Terms and conditions of commercial sale of
Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical

74HC_HCT4051

All information provided in this document is subject to legal disclaimers.

systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification. Customers are responsible for the
design and operation of their applications and products using Nexperia
products, and Nexperia accepts no liability for any assistance with
applications or customer product design. It is customer’s sole responsibility
to determine whether the Nexperia product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products. Nexperia does not accept
any liability related to any default, damage, costs or problem which is based
on any weakness or default in the customer’s applications or products, or
the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications
and products using Nexperia products in order to avoid a default of the
applications and the products or of the application or use by customer’s third
party customer(s). Nexperia does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — Nexperia products are

sold subject to the general terms and conditions of commercial sale, as
published at http://www.nexperia.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. Nexperia hereby expressly objects to applying the customer’s general
terms and conditions with regard to the purchase of Nexperia products by
customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or

the grant, conveyance or implication of any license under any copyrights,
patents or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein

may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
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Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified, the
product is not suitable for automotive use. It is neither qualified nor tested in
accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of non-automotive qualified
products in automotive equipment or applications. In the event that customer
uses the product for design-in and use in automotive applications to
automotive specifications and standards, customer (a) shall use the product
without Nexperia's warranty of the product for such automotive applications,
use and specifications, and (b) whenever customer uses the product for
automotive applications beyond Nexperia's specifications such use shall be
solely at customer’s own risk, and (c) customer fully indemnifies Nexperia
for any liability, damages or failed product claims resulting from customer

74HC_HCT4051

All information provided in this document is subject to legal disclaimers.

8-channel analog multiplexer/demultiplexer

design and use of the product for automotive applications beyond Nexperia's
standard warranty and Nexperia's product specifications.

Translations — A non-English (translated) version of a document is for

reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

15.4 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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ANALOG Poly Phase Multifunction Energy Metering

DEVICES

IC with Per Phase Information

ADE7758

FEATURES

Highly accurate; supports IEC 60687, IEC 61036, IEC 61268,
IEC 62053-21, IEC 62053-22, and IEC 62053-23

Compatible with 3-phase/3-wire, 3-phase/4-wire, and other
3-phase services

Less than 0.1% active energy error over a dynamic range of
1000 to 1 at 25°C

Supplies active/reactive/apparent energy, voltage rms,
current rms, and sampled waveform data

Two pulse outputs, one for active power and the other
selectable between reactive and apparent power with
programmable frequency

Digital power, phase, and rms offset calibration

On-chip, user-programmable thresholds for line voltage SAG
and overvoltage detections

An on-chip, digital integrator enables direct interface-to-
current sensors with di/dt output

A PGA in the current channel allows direct interface to
current transformers

An SPI°-compatible serial interface with IRQ

Proprietary ADCs and DSP provide high accuracy over large
variations in environmental conditions and time

Reference 2.4V (drift 30 ppm/°C typical) with external
overdrive capability

Single 5V supply, low power (70 mW typical)

GENERAL DESCRIPTION

The ADE7758 is a high accuracy, 3-phase electrical energy
measurement IC with a serial interface and two pulse outputs.
The ADE7758 incorporates second-order X-A ADCs, a digital
integrator, reference circuitry, a temperature sensor, and all the
signal processing required to perform active, reactive, and
apparent energy measurement and rms calculations.

The ADE7758 is suitable to measure active, reactive, and
apparent energy in various 3-phase configurations, such as
WYE or DELTA services, with both three and four wires. The
ADE7758 provides system calibration features for each phase,
that is, rms offset correction, phase calibration, and power
calibration. The APCF logic output gives active power
information, and the VARCF logic output provides instantaneous
reactive or apparent power information.
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Figure 1.
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GENERAL DESCRIPTION

The ADE7758 has a waveform sample register that allows access
to the ADC outputs. The part also incorporates a detection
circuit for short duration low or high voltage variations. The
voltage threshold levels and the duration (number of half-line
cycles) of the variation are user programmable. A zero-crossing
detection is synchronized with the zero-crossing point of the
line voltage of any of the three phases. This information can be
used to measure the period of any one of the three voltage
inputs. The zero-crossing detection is used inside the chip for
the line cycle energy accumulation mode. This mode permits
faster and more accurate calibration by synchronizing the
energy accumulation with an integer number of line cycles.

Data is read from the ADE7758 via the SPI serial interface. The
interrupt request output (IRQ) is an open-drain, active low logic
output. The IRQ output goes active low when one or more
interrupt events have occurred in the ADE7758. A status register
indicates the nature of the interrupt. The ADE7758 is available

in a 24-lead SOIC package.
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SPECIFICATIONS

AVDD =DVDD =5V + 5%, AGND = DGND = 0V, on-chip reference, CLKIN = 10 MHz XTAL, Ty to Tmax = —40°C to +85°C.

Table 1.
Parameter’ 2 Specification Unit Test Conditions/Comments
ACCURACY
Active Energy Measurement Error 0.1 % typ Over a dynamic range of 1000 to 1
(per Phase)

Phase Error Between Channels

Line frequency = 45 Hz to 65 Hz, HPF on

PF = 0.8 Capacitive +0.05 °max Phase lead 37°
PF = 0.5 Inductive +0.05 °max Phase lag 60°
AC Power Supply Rejection AVDD =DVDD =5V + 175 mV rms/120 Hz
Output Frequency Variation 0.01 % typ V1P =V2P =V3P =100 mV rms
DC Power Supply Rejection AVDD =DVDD =5V + 250 mV dc
Output Frequency Variation 0.01 % typ V1P =V2P =V3P =100 mV rms
Active Energy Measurement Bandwidth 14 kHz
IRMS Measurement Error 0.5 % typ Over a dynamic range of 500:1
IRMS Measurement Bandwidth 14 kHz
VRMS Measurement Error 0.5 % typ Over a dynamic range of 20:1
VRMS Measurement Bandwidth 260 Hz
ANALOG INPUTS See the Analog Inputs section
Maximum Signal Levels +500 mV max Differential input
Input Impedance (DC) 380 kQ min
ADC Offset Error3 +30 mV max Uncalibrated error, see the Terminology section
Gain Error® +6 % typ External 2.5V reference
WAVEFORM SAMPLING Sampling CLKIN/128, 10 MHz/128 = 78.1 kSPS
Current Channels See the Current Channel ADC section
Signal-to-Noise Plus Distortion 62 dB typ
Bandwidth (-3 dB) 14 kHz
Voltage Channels See the Voltage Channel ADC section
Signal-to-Noise Plus Distortion 62 dB typ
Bandwidth (-3 dB) 260 Hz
REFERENCE INPUT
REFnout Input Voltage Range 2.6 V max 24V +8%
2.2 V min 24V -8%
Input Capacitance 10 pF max
ON-CHIP REFERENCE Nominal 2.4 V at REFour pin
Reference Error +200 mV max
Current Source 6 MA max
Output Impedance 4 kQ min
Temperature Coefficient 30 ppm/°C typ
CLKIN All specifications CLKIN of 10 MHz
Input Clock Frequency 15 MHz max
5 MHz min
LOGIC INPUTS
DIN, SCLK, CLKIN, and CS
Input High Voltage, Vinu 24 V min DVDD =5V +5%
Input Low Voltage, Vin 0.8 V max DVDD =5V £ 5%
Input Current, Iiv +3 MA max Typical 10 nA, Vin=0V to DVDD
Input Capacitance, Cin 10 pF max
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Parameter’ 2 Specification Unit Test Conditions/Comments
LOGIC OUTPUTS DVDD =5V + 5%
IRQ, DOUT, and CLKOUT IRQ is open-drain, 10 kQ pull-up resistor
Output High Voltage, Von 4 V min Isource = 5 MA
Output Low Voltage, Vou 0.4 V max Isnk =1 mA
APCF and VARCF
Output High Voltage, Von 4 V min Isource = 8 mA
Output Low Voltage, VoL 1 V max lsink =5 MmA
POWER SUPPLY For specified performance
AVDD 4.75 V min 5V-5%
525 V max 5V +5%
DVDD 4.75 V min 5V-5%
5.25 V max 5V+5%
Alop 8 mA max Typically 5 mA
Dlop 13 mA max Typically 9 mA

' See the Typical Performance Characteristics.
2 See the Terminology section for a definition of the parameters.
3 See the Analog Inputs section.

TIMING CHARACTERISTICS
AVDD =DVDD =5V + 5%, AGND = DGND = 0V, on-chip reference, CLKIN = 10 MHz XTAL, Ty to Tmax = —40°C to +85°C.

Table 2.
Parameter’-2 | Specification | Unit Test Conditions/Comments
WRITE TIMING
t 50 ns (min) | CS falling edge to first SCLK falling edge
t 50 ns (min) | SCLK logic high pulse width
ts 50 ns (min) | SCLK logic low pulse width
ta 10 ns (min) | Valid data setup time before falling edge of SCLK
ts 5 ns (min) | Data hold time after SCLK falling edge
ts 1200 ns (min) | Minimum time between the end of data byte transfers
t7 400 ns (min) | Minimum time between byte transfers during a serial write
ts 100 ns (min) | CS hold time after SCLK falling edge
READ TIMING
to3 4 ps (min) | Minimum time between read command (that is, a write to communication register) and
data read
tio 50 ns (min) | Minimum time between data byte transfers during a multibyte read
tn? 30 ns (min) | Data access time after SCLK rising edge following a write to the communications register
ti2® 100 ns (max) | Bus relinquish time after falling edge of SCLK
10 ns (min)
ti3® 100 ns(max) | Bus relinquish time after rising edge of CS
10 ns (min)

' Sample tested during initial release and after any redesign or process change that may affect this parameter. All input signals are specified with tr = tf = 5 ns (10% to
90%) and timed from a voltage level of 1.6 V.

2 See the timing diagrams in Figure 3 and Figure 4 and the Serial Interface section.

3 Minimum time between read command and data read for all registers except waveform register, which is to = 500 ns min.

4 Measured with the load circuit in Figure 2 and defined as the time required for the output to cross 0.8 V or 2.4 V.

° Derived from the measured time taken by the data outputs to change 0.5V when loaded with the circuit in Figure 2. The measured number is then extrapolated back
to remove the effects of charging or discharging the 50 pF capacitor. This means that the time quoted here is the true bus relinquish time of the part and is
independent of the bus loading.

Rev. E | Page 6 of 72




ADE77358

TIMING DIAGRAMS

TO OUTPUT
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Figure 2. Load Circuit for Timing Specifications
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ABSOLUTE MAXIMUM RATINGS

Ta = 25°C, unless otherwise noted.

Table 3.
Parameter Rating
AVDD to AGND -03Vto+7V
DVDD to DGND -03Vto+7V
DVDD to AVDD -0.3Vto+0.3V
Analog Input Voltage to AGND, -6Vto+6V

IAP, 1AN, IBP, IBN, ICP, ICN, VAP,

VBP, VCP, VN
Reference Input Voltage to AGND -0.3Vto AVDD + 0.3V
Digital Input Voltage to DGND -0.3VtoDVDD +0.3V
Digital Output Voltage to DGND -0.3VtoDVDD + 0.3V
Operating Temperature

Industrial Range -40°C to +85°C
Storage Temperature Range -65°Cto +150°C
Junction Temperature 150°C
24-Lead SOIC, Power Dissipation 88 mW

0,2 Thermal Impedance 53°C/W
Lead Temperature, Soldering

Vapor Phase (60 sec) 215°C

Infrared (15 sec) 220°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any

other conditions above those listed in the operational sections

of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect
device reliability.

ESD CAUTION

A
Ala\

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

APCF [ 24] DOUT
K 24]
DGND [2 23] SCLK
[z] 23]
DVDD [3 22| DIN
L] 22]
AVDD [4] 21] CS

1AP [5 || ADE7758 |[20] cLKOUT
IAN [6]| TOP VIEW [[46] cLKIN

|BP E (Not to Scale) El Ra
IBN [&] [17] VARCF
IcP [ [16] VAP
ICN [10] [15] vBP
AGND [11] [14]ver
REFNjout [12] [13] N %
g

Figure 5. Pin Configuration

Table 4. Pin Function Descriptions

Pin
No. Mnemonic | Description
1 APCF Active Power Calibration Frequency (APCF) Logic Output. It provides active power information. This output

is used for operational and calibration purposes. The full-scale output frequency can be scaled by writing to
the APCFNUM and APCFDEN registers (see the Active Power Frequency Output section).

2 DGND This provides the ground reference for the digital circuitry in the ADE7758, that is, the multiplier, filters, and
digital-to-frequency converter. Because the digital return currents in the ADE7758 are small, it is acceptable to
connect this pin to the analog ground plane of the whole system. However, high bus capacitance on the DOUT
pin can result in noisy digital current that could affect performance.

3 DVDD Digital Power Supply. This pin provides the supply voltage for the digital circuitry in the ADE7758. The supply
voltage should be maintained at 5V + 5% for specified operation. This pin should be decoupled to DGND with
a 10 YF capacitor in parallel with a ceramic 100 nF capacitor.

4 AVDD Analog Power Supply. This pin provides the supply voltage for the analog circuitry in the ADE7758. The supply
should be maintained at 5 V + 5% for specified operation. Every effort should be made to minimize power
supply ripple and noise at this pin by the use of proper decoupling. The Typical Performance Characteristics
show the power supply rejection performance. This pin should be decoupled to AGND with a 10 pF capacitor
in parallel with a ceramic 100 nF capacitor.

5,6, IAP, IAN, Analog Inputs for Current Channel. This channel is used with the current transducer and is referenced in this
7,8, IBP, IBN, document as the current channel. These inputs are fully differential voltage inputs with maximum differential
9,10 ICP, ICN input signal levels of +0.5V, £0.25V, and +0.125 V, depending on the gain selections of the internal PGA (see

the Analog Inputs section). All inputs have internal ESD protection circuitry. In addition, an overvoltage
of +6 V can be sustained on these inputs without risk of permanent damage.

11 AGND This pin provides the ground reference for the analog circuitry in the ADE7758, that is, ADCs, temperature sensor,
and reference. This pin should be tied to the analog ground plane or the quietest ground reference in the system.
This quiet ground reference should be used for all analog circuitry, for example, antialiasing filters, current, and
voltage transducers. To keep ground noise around the ADE7758 to a minimum, the quiet ground plane should be
connected to the digital ground plane at only one point. It is acceptable to place the entire device on the analog
ground plane.

12 REF/our This pin provides access to the on-chip voltage reference. The on-chip reference has a nominal value of
2.4V + 8% and a typical temperature coefficient of 30 ppm/°C. An external reference source can also be
connected at this pin. In either case, this pin should be decoupled to AGND with a 1 uF ceramic capacitor.

13,14, | VN, VCP, Analog Inputs for the Voltage Channel. This channel is used with the voltage transducer and is referenced as
15,16 | VBP VAP the voltage channels in this document. These inputs are single-ended voltage inputs with the maximum signal
level of £0.5 V with respect to VN for specified operation. These inputs are voltage inputs with maximum input
signal levels of £0.5 V, £0.25V, and +£0.125 V, depending on the gain selections of the internal PGA (see the
Analog Inputs section). All inputs have internal ESD protection circuitry, and in addition, an overvoltage of

+6 V can be sustained on these inputs without risk of permanent damage.
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Pin

No.

Mnemonic

Description

17

18

19

20

21

22

23

24

VARCF

CLKIN

CLKOUT

DIN

SCLK

DOUT

Reactive Power Calibration Frequency Logic Output. It gives reactive power or apparent power information
depending on the setting of the VACF bit of the WAVMODE register. This output is used for operational and
calibration purposes. The full-scale output frequency can be scaled by writing to the VARCFNUM and VARCFDEN
registers (see the Reactive Power Frequency Output section).

Interrupt Request Output. This is an active low open-drain logic output. Maskable interrupts include: an active
energy register at half level, an apparent energy register at half level, and waveform sampling up to 26 kSPS (see
the Interrupts section).

Master Clock for ADCs and Digital Signal Processing. An external clock can be provided at this logic input.
Alternatively, a parallel resonant AT crystal can be connected across CLKIN and CLKOUT to provide a clock
source for the ADE7758. The clock frequency for specified operation is 10 MHz. Ceramic load capacitors of

a few tens of picofarad should be used with the gate oscillator circuit. Refer to the crystal manufacturer’s

data sheet for the load capacitance requirements

A crystal can be connected across this pin and CLKIN as previously described to provide a clock source for

the ADE7758. The CLKOUT pin can drive one CMOS load when either an external clock is supplied at CLKIN or

a crystal is being used.

Chip Select. Part of the 4-wire serial interface. This active low logic input allows the ADE7758 to share the serial
bus with several other devices (see the Serial Interface section).

Data Input for the Serial Interface. Data is shifted in at this pin on the falling edge of SCLK (see the Serial Interface
section).

Serial Clock Input for the Synchronous Serial Interface. All serial data transfers are synchronized to this clock
(see the Serial Interface section). The SCLK has a Schmidt-trigger input for use with a clock source that has a slow
edge transition time, for example, opto-isolator outputs.

Data Output for the Serial Interface. Data is shifted out at this pin on the rising edge of SCLK. This logic output

is normally in a high impedance state, unless it is driving data onto the serial data bus (see the Serial Interface
section).
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TERMINOLOGY

Measurement Error
The error associated with the energy measurement made by the
ADE?7758 is defined by

Measurement Error =

Energy Registered by ADE7758 — True Ener 1
gy Regi y & 100% (1)

True Energy

Phase Error Between Channels

The high-pass filter (HPF) and digital integrator introduce a
slight phase mismatch between the current and the voltage
channel. The all-digital design ensures that the phase matching
between the current channels and voltage channels in all three
phases is within +0.1° over a range of 45 Hz to 65 Hz and +0.2°
over a range of 40 Hz to 1 kHz. This internal phase mismatch
can be combined with the external phase error (from current
sensor or component tolerance) and calibrated with the phase
calibration registers.

Power Supply Rejection (PSR)

This quantifies the ADE7758 measurement error as a
percentage of reading when the power supplies are varied. For
the ac PSR measurement, a reading at nominal supplies (5 V) is
taken. A second reading is obtained with the same input signal
levels when an ac signal (175 mV rms/100 Hz) is introduced
onto the supplies. Any error introduced by this ac signal is
expressed as a percentage of reading—see the Measurement
Error definition.

For the dc PSR measurement, a reading at nominal supplies
(5 V) is taken. A second reading is obtained with the same input
signal levels when the power supplies are varied +5%. Any error
introduced is again expressed as a percentage of the reading.

ADC Offset Error

This refers to the dc offset associated with the analog inputs to
the ADCs. It means that with the analog inputs connected to
AGND that the ADC:s still see a dc analog input signal. The
magnitude of the offset depends on the gain and input range
selection (see the Typical Performance Characteristics section).
However, when HPFs are switched on, the offset is removed
from the current channels and the power calculation is not
affected by this offset.

Gain Error

The gain error in the ADCs of the ADE7758 is defined as the
difference between the measured ADC output code (minus the
offset) and the ideal output code (see the Current Channel ADC
section and the Voltage Channel ADC section). The difference
is expressed as a percentage of the ideal code.

Gain Error Match

The gain error match is defined as the gain error (minus the
offset) obtained when switching between a gain of 1, 2, or 4. It is
expressed as a percentage of the output ADC code obtained
under a gain of 1.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TEST CIRCUITS

A

CURRENT +
TRANSFORMER 1OMF 3 $1°°“F

AA  PS2501-1
| = 825Q

TO FREQ.
COUNTER

SAME AS
Iap; IaN

SAME AS
lap; IaN

TO SPI BUS

CT TURN RATIO 1800:1
CHANNEL 2 GAIN = +1

CHANNEL 1 GAIN [ Rg

1 10Q
2 50 3
4 250 g
8 1.250 3
Figure 34. Test Circuit for Integrator Off
Vop
bl
10pF

di/dt SENSOR

AA  PS2501-1
| — 825Q

TO FREQ.
COUNTER

SAME AS
Iap; IaN

SAME AS
lap; IaN

TO SPI BUS

CHANNEL 1 GAIN = +8
CHANNEL 2 GAIN = +1

04443-035
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THEORY OF OPERATION

ANTIALIASING FILTER

This filter prevents aliasing, which is an artifact of all sampled
systems. Input signals with frequency components higher than
half the ADC sampling rate distort the sampled signal at a fre-
quency below half the sampling rate. This happens with all ADCs,
regardless of the architecture. The combination of the high
sampling rate Y-A ADC used in the ADE7758 with the relatively
low bandwidth of the energy meter allows a very simple low-
pass filter (LPF) to be used as an antialiasing filter. A simple RC
filter (single pole) with a corner frequency of 10 kHz produces
an attenuation of approximately 40 dB at 833 kHz. This is usually
sufficient to eliminate the effects of aliasing.

ANALOG INPUTS

The ADE7758 has six analog inputs divided into two channels:
current and voltage. The current channel consists of three pairs
of fully differential voltage inputs: IAP and IAN, IBP and IBN,
and ICP and ICN. These fully differential voltage input pairs
have a maximum differential signal of +0.5 V. The current
channel has a programmable gain amplifier (PGA) with possible
gain selection of 1, 2, or 4. In addition to the PGA, the current
channels also have a full-scale input range selection for the ADC.
The ADC analog input range selection is also made using the
gain register (see Figure 38). As mentioned previously, the
maximum differential input voltage is £0.5 V. However, by
using Bit 3 and Bit 4 in the gain register, the maximum ADC
input voltage can be set to 0.5 V, £0.25 V, or £0.125 V on the
current channels. This is achieved by adjusting the ADC reference
(see the Reference Circuit section).

Figure 36 shows the maximum signal levels on the current
channel inputs. The maximum common-mode signal is
425 mV, as shown in Figure 37.

Vi+V,
A
+500mV
IAP, IBP,
DIFFERENTIAL INPUT ORICP
V4 + V, = 500mV MAX PEAK 9 Vq o
Vem
COMMON-MODE
*25mV MAX Ovew IAN, IBN, .
ORICN 8
v g
-500mV g
A

Figure 36. Maximum Signal Levels, Current Channels, Gain = 1

The voltage channel has three single-ended voltage inputs: VAP,
VBP, and VCP. These single-ended voltage inputs have a
maximum input voltage of +0.5 V with respect to VN. Both the
current and voltage channel have a PGA with possible gain
selections of 1, 2, or 4. The same gain is applied to all the inputs
of each channel.

Figure 37 shows the maximum signal levels on the voltage
channel inputs. The maximum common-mode signal is
125 mV, as shown in Figure 36.

v2
+500mV VAP, VBP,

SINGLE-ENDED INPUT

+500mV MAX PEAK

Vem >
COMMON-MODE
+25mV MAX
V
-500mV AGND

04443-037

Figure 37. Maximum Signal Levels, Voltage Channels, Gain = 1

The gain selections are made by writing to the gain register.
Bit 0 to Bit 1 select the gain for the PGA in the fully differential
current channel. The gain selection for the PGA in the single-
ended voltage channel is made via Bit 5 to Bit 6. Figure 38
shows how a gain selection for the current channel is made
using the gain register.

GAIN[7:0]

W—/
GAIN (K)
SELECTION
IAP, IBP, ICP
Oo—
diK />
O— o
IAN, IBN, ICN 8
3

Figure 38. PGA in Current Channel

Figure 39 shows how the gain settings in PGA 1 (current
channel) and PGA 2 (voltage channel) are selected by various
bits in the gain register.

GAIN REGISTER!
CURRENT AND VOLTAGE CHANNEL PGA CONTROL

7 6 5 4 3 2 1 0

0 0| 0 OI 0 0 0| 0| ADDRESS: 0x23

S| S| NS | W) S —
INTEGRATOR ENABLE 4 | L PGA 1 GAIN SELECT

0 = DISABLE 00 = x1
1=ENABLE RESERVED 01=x2

10 = x4
PGA 2 GAIN SELECT
00 = x1 CURRENT INPUT FULL-SCALE SELECT
01=x2 00 = 0.5V
10 = x4 01 =0.25V

10 = 0.125V

04443-039

1REGISTER CONTENTS SHOW POWER-ON DEFAULTS
Figure 39. Analog Gain Register

Bit 7 of the gain register is used to enable the digital integrator
in the current signal path. Setting this bit activates the digital
integrator (see the DI/DT Current Sensor and Digital Integrator
section).
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CURRENT CHANNEL ADC

Figure 41 shows the ADC and signal processing path for the
input IA of the current channels (same for IB and IC). In

When in waveform sample mode, one of four output sample
rates can be chosen by using Bit 5 and Bit 6 of the WAVMODE
register (DTRT[1:0]). The output sample rate can be 26.04 kSPS,
13.02 kSPS, 6.51 kSPS, or 3.25 kSPS. By setting the WFSM bit in

waveform sampling mode, the ADC outputs are signed twos
complement 24-bit data-words at a maximum of 26.0 kSPS
(thousand samples per second). With the specified full-scale
analog input signal of 0.5 V, the ADC produces its maximum
output code value (see Figure 41). This diagram shows a full-
scale voltage signal being applied to the differential inputs IAP

the interrupt mask register to Logic 1, the interrupt request
output IRQ goes active low when a sample is available. The
timing is shown in Figure 40. The 24-bit waveform samples are
transferred from the ADE7758 one byte (8-bits) at a time, with
the most significant byte shifted out first.

and IAN. The ADC output swings between 0xD7AE14 iRQ 7 2

(-2,642,412) and 0x2851EC (+2,642,412). SCLK JULILILLILII
READ FROM WAVEFORM ),

Current Channel Sampling DIN | [o] ox12 ] ) |

The waveform samples of the current channel can be routed to DOUT iseN| o) —

the WFORM register at fixed sampling rates by setting the
WAVSEL[2:0] bit in the WAVMODE register to 000 (binary)
(see Table 20). The phase in which the samples are routed is set
by setting the PHSEL[1:0] bits in the WAVMODE register.
Energy calculation remains uninterrupted during waveform

04443-040

CURRENT CHANNEL DATA-24 BITS

Figure 40. Current Channel Waveform Sampling

The interrupt request output IRQ stays low until the interrupt
routine reads the reset status register (see the Interrupts section).

sampling.
GAIN[4:3]
2.42V, 1.21V, 0.6V
CURRENT RMS (IRMS)
REFERENCE GAIN[7] CALCULATION
GAIN[1:0] oo ) WAVEFORM SAMPLE
IAP . x2. x4 DIGITAL REGISTER
5 ) %2, Y INTEGRATOR!
. 1 . ACTIVE AND REACTIVE
Vin Tc PG} < ADC > L% sl ™ POWER CALCULATION
IAN CHANNEL 1 (CURRENT WAVEFORM)
50Hz DATA RANGE AFTER INTEGRATOR
(50Hz AND AIGAIN[11:0] = 0x000)
0x34D1B8 |
Vin CHANNEL 1 0x000000
0.5VIGAIN | (CURRENT WAVEFORM)
0.25VIGAIN 1 DATA RANGE 0xCB2E48 |
0.125V/GAIN /\ { 0x2851EC Y
ov / CHANNEL 1 (CURRENT WAVEFORM)
0x000000 60Hz DATA RANGE AFTER INTEGRATOR
(60Hz AND AIGAIN[11:0] = 0x000)
0xD7AE14 | 0x2BE893
v ﬁ,’é’th“ ¥ ADC OUTPUT
WORD RANGE
RANGE 0x000000
1WHEN DIGITAL INTEGRATOR IS ENABLED, FULL-SCALE OUTPUT DATA IS .
ATTENUATED DEPENDING ON THE SIGNAL FREQUENCY BECAUSE THE 0xD4176D | g
INTEGRATOR HAS A —20dB/DECADE FREQUENCY RESPONSE. WHEN DISABLED, Y g

THE OUTPUT WILL NOT BE FURTHER ATTENUATED.
Figure 41. Current Channel Signal Path
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DI/DT CURRENT SENSOR AND DIGITAL
INTEGRATOR

The di/dt sensor detects changes in the magnetic field caused by
the ac current. Figure 42 shows the principle of a di/dt current
Sensor.

MAGNETIC FIELD CREATED BY CURRENT
/ (DIRECTLY PROPORTIONAL TO CURRENT)

\ + EMF (ELECTROMOTIVE FORCE)

— INDUCED BY CHANGES IN
MAGNETIC FLUX DENSITY (di/dt)

e

[N/

04443-042

Figure 42. Principle of a di/dt Current Sensor

The flux density of a magnetic field induced by a current is
directly proportional to the magnitude of the current. The
changes in the magnetic flux density passing through a conductor
loop generate an electromotive force (EMF) between the two
ends of the loop. The EMF is a voltage signal that is propor-
tional to the di/dt of the current. The voltage output from the
di/dt current sensor is determined by the mutual inductance
between the current carrying conductor and the di/dt sensor.

The current signal needs to be recovered from the di/dt signal
before it can be used. An integrator is therefore necessary to
restore the signal to its original form. The ADE7758 has a built-
in digital integrator to recover the current signal from the di/dt
sensor. The digital integrator on Channel 1 is disabled by default
when the ADE7758 is powered up. Setting the MSB of the
GAIN([7:0] register turns on the integrator. Figure 43 to Figure 46
show the magnitude and phase response of the digital
integrator.
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Figure 43. Combined Gain Response of the
Digital Integrator and Phase Compensator
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Note that the integrator has a —20 dB/dec attenuation and
approximately —90° phase shift. When combined with a di/dt
sensor, the resulting magnitude and phase response should be a
flat gain over the frequency band of interest. However, the di/dt
sensor has a 20 dB/dec gain associated with it and generates
significant high frequency noise. A more effective antialiasing
filter is needed to avoid noise due to aliasing (see the Theory of
Operation section).

When the digital integrator is switched off, the ADE7758 can be
used directly with a conventional current sensor, such as a
current transformer (CT) or a low resistance current shunt.

PEAK CURRENT DETECTION

The ADE7758 can be programmed to record the peak of the
current waveform and produce an interrupt if the current
exceeds a preset limit.

Peak Current Detection Using the PEAK Register
The peak absolute value of the current waveform within a fixed
number of half-line cycles is stored in the IPEAK register.

Figure 47 illustrates the timing behavior of the peak current
detection.

f
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PEAKSEL[2:0] IN
MMODE REGISTER)
NO. OF HALF “ U
LINE CYCLES
SPECIFIED BY
LINECYC[15:0]
REGISTER
- - 5
CONTENT OF b:S
IPEAK(7:0] © = L2 B

Figure 47. Peak Current Detection Using the IPEAK Register

Note that the content of the IPEAK register is equivalent to
Bit 14 to Bit 21 of the current waveform sample. At full-scale
analog input, the current waveform sample is 0x2851EC. The
IPEAK at full-scale input is therefore expected to be 0xA1l.

In addition, multiple phases can be activated for the peak
detection simultaneously by setting more than one of the
PEAKSEL[2:4] bits in the MMODE register to logic high. These
bits select the phase for both voltage and current peak

measurements. Note that if more than one bit is set, the VPEAK

and IPEAK registers can hold values from two different phases,
that is, the voltage and current peak are independently
processed (see the Peak Current Detection section).

Note that the number of half-line cycles is based on counting
the zero crossing of the voltage channel. The ZXSEL[2:0] bits in
the LCYCMODE register determine which voltage channels are
used for the zero-crossing detection. The same signal is also
used for line cycle energy accumulation mode if activated (see
the Line Cycle Accumulation Mode Register (0X17) section).

OVERCURRENT DETECTION INTERRUPT

Figure 48 illustrates the behavior of the overcurrent detection.

CURRENT PEAK WAVEFORM BEING MONITORED

i (SELECTED BY PKIRQSEL[2:0] IN MMODE REGISTER)
IPINTLVL[7:0] —_ “‘LA i -
ANANANA [ tIHApA
M IH IH IH | | IH IH
vl 1y 1y RN 1y 1y
R ARETAVER AV RUBIRUEY AVRE A NA
1RV A TR AT R IBI R IR R TR R VA
R AR R R
SARRRARARRENARAE
A I -
U PKI RESET LOW
WHEN RSTATUS
REGISTER IS READ
PKI INTERRUPT FLAG
(BIT 15 OF STATUS
REGISTER) .
> 2
3
READ RSTATUS i g
REGISTER 3

Figure 48. ADE7758 Overcurrent Detection

Note that the content of the IPINTLVL[7:0] register is
equivalent to Bit 14 to Bit 21 of the current waveform sample.
Therefore, setting this register to 0xA1 represents putting peak
detection at full-scale analog input. Figure 48 shows a current
exceeding a threshold. The overcurrent event is recorded by
setting the PKI flag (Bit 15) in the interrupt status register. If the
PKI enable bit is set to Logic 1 in the interrupt mask register, the
IRQ logic output goes active low (see the Interrupts section).

Similar to peak level detection, multiple phases can be activated
for peak detection. If any of the active phases produce
waveform samples above the threshold, the PKI flag in the
interrupt status register is set. The phase of which overcurrent is
monitored is set by the PKIRQSEL[2:0] bits in the MMODE
register (see Table 19).
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Figure 49. ADC and Signal Processing in Voltage Channel

VOLTAGE CHANNEL ADC

Figure 49 shows the ADC and signal processing chain for the
input VA in the voltage channel. The VB and VC channels have
similar processing chains.

For active and reactive energy measurements, the output of the
ADC passes to the multipliers directly and is not filtered. This
solution avoids the much larger multibit multiplier and does not
affect the accuracy of the measurement. An HPF is not
implemented on the voltage channel to remove the dc offset
because the HPF on the current channel alone should be
sufficient to eliminate error due to ADC offsets in the power
calculation. However, ADC offset in the voltage channels
produces large errors in the voltage rms calculation and affects
the accuracy of the apparent energy calculation.

Voltage Channel Sampling

The waveform samples on the voltage channels can also be
routed to the WFORM register. However, before passing to the
WEFORM register, the ADC outputs pass through a single-pole,
low-pass filter (LPF1) with a cutoff frequency at 260 Hz.
Figure 50 shows the magnitude and phase response of LPF1.
This filter attenuates the signal slightly. For example, if the line
frequency is 60 Hz, the signal at the output of LPF1 is
attenuated by 3.575%. The waveform samples are 16-bit, twos
complement data ranging between 0x2748 (+10,056d) and
0xD8B8 (—10,056d). The data is sign extended to 24-bit in the
WFORM register.
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Figure 50. Magnitude and Phase Response of LPF1

Note that LPF1 does not affect the active and reactive energy
calculation because it is only used in the waveform sampling
signal path. However, waveform samples are used for the
voltage rms calculation and the subsequent apparent energy
accumulation.

The WAVSEL([2:0] bits in the WAVMODE register should be set
to 001 (binary) to start the voltage waveform sampling. The
PHSEL[1:0] bits control the phase from which the samples are
routed. In waveform sampling mode, one of four output sample
rates can be chosen by changing Bit 5 and Bit 6 of the WAVMODE
register (see Table 20). The available output sample rates are
26.0 kSPS, 13.5 kSPS, 6.5 kSPS, or 3.3 kSPS. By setting the WESM
bit in the interrupt mask register to Logic 1, the interrupt request
output IRQ goes active low when a sample is available. The 24-
bit waveform samples are transferred from the ADE7758 one byte
(8 bits) at a time, with the most significant byte shifted out first.

The sign of the register is extended in the upper 8 bits. The
timing is the same as for the current channels, as seen in Figure 40.
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ZERO-CROSSING DETECTION

The ADE7758 has zero-crossing detection circuits for each of
the voltage channels (VAN, VBN, and VCN). Figure 51 shows
how the zero-cross signal is generated from the output of the
ADC of the voltage channel.

REFERENCE
GAIN[6:5]
x1, x2, x4

VAN, T -D‘_ ZERO-
VBN, PGA ADC - - CROSSING
VCN DETECTOR
LPF1
Iy f_34qp = 260Hz
ANALOG VOLTAGE
WAVEFORM

_>‘ | 24.8° @ 60Hz (VAN, VBN, OR VCN)

s Y LPF1
/ OUTPUT

04443-051

! [] []
f— READ R4$TATUS 4f

Figure 51. Zero-Crossing Detection on Voltage Channels

The zero-crossing interrupt is generated from the output of
LPF1. LPF1 has a single pole at 260 Hz (CLKIN = 10 MHz). As
a result, there is a phase lag between the analog input signal of
the voltage channel and the output of LPF1. The phase response
of this filter is shown in the Voltage Channel Sampling section.
The phase lag response of LPF1 results in a time delay of
approximately 1.1 ms (at 60 Hz) between the zero crossing on
the voltage inputs and the resulting zero-crossing signal. Note
that the zero-crossing signal is used for the line cycle
accumulation mode, zero-crossing interrupt, and line
period/frequency measurement.

When one phase crosses from negative to positive, the
corresponding flag in the interrupt status register (Bit 9 to
Bit 11) is set to Logic 1. An active low in the TRQ output also
appears if the corresponding ZX bit in the interrupt mask
register is set to Logic 1. Note that only zero crossing from
negative to positive generates an interrupt.

The flag in the interrupt status register is reset to 0 when the
interrupt status register with reset (RSTATUS) is read. Each
phase has its own interrupt flag and mask bit in the interrupt
register.

Zero-Crossing Timeout

Each zero-crossing detection has an associated internal timeout
register (not accessible to the user). This unsigned, 16-bit
register is decreased by 1 every 384/CLKIN seconds. The
registers are reset to a common user-programmed value, that is,
the zero-crossing timeout register (ZXTOUT([15:0], Address 0x1B),

every time a zero crossing is detected on its associated input.
The default value of ZXTOUT is OxFFFF. If the internal register
decrements to 0 before a zero crossing at the corresponding
input is detected, it indicates an absence of a zero crossing in
the time determined by the ZXTOUT[15:0]. The ZXTOx
detection bit of the corresponding phase in the interrupt status
register is then switched on (Bit 6 to Bit 8). An active low on the
TRQ output also appears if the ZXTOx mask bit for the
corresponding phase in the interrupt mask register is set to
Logic 1. Figure 52 shows the mechanism of the zero-crossing
timeout detection when the Line Voltage A stays at a fixed dc
level for more than 384/CLKIN x ZXTOUT[15:0] seconds.

16-BIT INTERNAL

REGISTER VALUE #
ZXTOUT[15:0]
VOLTAGE — o
CHANNEL A >
ZXTOA —l o
DETECTION BIT [ >

I -
L READ J

RSTATUS

04443-052

Figure 52. Zero-Crossing Timeout Detection

PHASE COMPENSATION

When the HPF in the current channel is disabled, the phase
error between the current channel (IA, IB, or IC) and the
corresponding voltage channel (VA, VB, or VC) is negligible.
When the HPF is enabled, the current channels have phase
response (see Figure 53 through Figure 55). The phase response
is almost 0 from 45 Hz to 1 kHz. The frequency band is sufficient
for the requirements of typical energy measurement applications.

However, despite being internally phase compensated, the
ADE7758 must work with transducers that may have inherent
phase errors. For example, a current transformer (CT) with a
phase error of 0.1° to 0.3° is not uncommon. These phase errors
can vary from part to part, and they must be corrected to
perform accurate power calculations.

The errors associated with phase mismatch are particularly
noticeable at low power factors. The ADE7758 provides a
means of digitally calibrating these small phase errors. The
ADE7758 allows a small time delay or time advance to be
introduced into the signal processing chain to compensate for
the small phase errors.

The phase calibration registers (APHCAL, BPHCAL, and
CPHCAL) are twos complement, 7-bit sign-extended registers
that can vary the time advance in the voltage channel signal
path from +153.6 ps to —75.6 us (CLKIN = 10 MHz),
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respectively. Negative values written to the PHCAL registers
represent a time advance, and positive values represent a time
delay. One LSB is equivalent to 1.2 ps of time delay or 2.4 ps of
time advance with a CLKIN of 10 MHz. With a line frequency
of 60 Hz, this gives a phase resolution of 0.026° (360° x 1.2 ps x
60 Hz) at the fundamental in the positive direction (delay) and
0.052° in the negative direction (advance). This corresponds to
a total correction range of —3.32° to +1.63° at 60 Hz.

Figure 56 illustrates how the phase compensation is used to
remove a 0.1° phase lead in IA of the current channel from the
external current transducer. To cancel the lead (0.1°) in the
current channel of Phase A, a phase lead must be introduced
into the corresponding voltage channel. The resolution of the
phase adjustment allows the introduction of a phase lead of
0.104°. The phase lead is achieved by introducing a time
advance into VA. A time advance of 4.8 s is made by writing
-2 (0x7E) to the time delay block (APHCAL[6:0]), thus
reducing the amount of time delay by 4.8 ps or equivalently,
360° x 4.8 ps x 60 Hz = 0.104° at 60 Hz.
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Figure 53. Phase Response of the HPF and Phase Compensation
(10Hz to 1 kHz)
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Figure 56. Phase Calibration on Voltage Channels

PERIOD MEASUREMENT

The ADE7758 provides the period or frequency measurement
of the line voltage. The period is measured on the phase
specified by Bit 0 to Bit 1 of the MMODE register. The period
register is an unsigned 12-bit FREQ register and is updated
every four periods of the selected phase.

Bit 7 of the LCYCMODE selects whether the period register
displays the frequency or the period. Setting this bit causes the
register to display the period. The default setting is logic low,
which causes the register to display the frequency.

When set to measure the period, the resolution of this register is
96/CLKIN per LSB (9.6 ps/LSB when CLKIN is 10 MHz),
which represents 0.06% when the line frequency is 60 Hz. At

60 Hz, the value of the period register is 1737d. At 50 Hz, the
value of the period register is 2084d. When set to measure
frequency, the value of the period register is approximately 960d at
60 Hz and 800d at 50 Hz. This is equivalent to 0.0625 Hz/LSB.

LINE VOLTAGE SAG DETECTION

The ADE7758 can be programmed to detect when the absolute
value of the line voltage of any phase drops below a certain peak
value for a number of half cycles. Each phase of the voltage
channel is controlled simultaneously. This condition is
illustrated in Figure 57.

Figure 57 shows a line voltage fall below a threshold, which is
set in the SAG level register (SAGLVL([7:0]), for nine half cycles.
Because the SAG cycle register indicates a six half-cycle threshold
(SAGCYC[7:0] = 0x06), the SAG event is recorded at the end of
the sixth half cycle by setting the SAG flag of the corresponding
phase in the interrupt status register (Bit 1 to Bit 3 in the
interrupt status register).

If the SAG enable bit is set to Logic 1 for this phase (Bit 1 to
Bit 3 in the interrupt mask register), the IRQ logic output goes

active low (see the Interrupts section). The phases are compared
to the same parameters defined in the SAGLVL and SAGCYC
registers.

VAP, VBP, OR VCP

FULL-SCALE |~~~ === == ————m e e PO

SAGLVL[7:0]

SAGCYC[7:0] = 0x06
6 HALF CYCLES

SAG EVENT RESET LOW ~1
WHEN VOLTAGE CHANNEL
EXCEEDS SAGLVL[7:0]

SAG INTERRUPT FLAG
(BIT 3 TO BIT 5 OF
STATUS REGISTER)

\

04443-057

READ RSTATUS |_
REGISTER

Figure 57. ADE7758 SAG Detection

Figure 57 shows a line voltage fall below a threshold, which is
set in the SAG level register (SAGLVL[7:0]), for nine half cycles.
Because the SAG cycle register indicates a six half-cycle threshold
(SAGCYC][7:0] = 0x06), the SAG event is recorded at the end of
the sixth half cycle by setting the SAG flag of the corresponding
phase in the interrupt status register (Bit 1 to Bit 3 in the
interrupt status register). If the SAG enable bit is set to Logic 1
for this phase (Bit 1 to Bit 3 in the interrupt mask register), the
IRQ logic output goes active low (see the Interrupts section).
The phases are compared to the same parameters defined in the
SAGLVL and SAGCYC registers.
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SAG LEVEL SET

The contents of the single-byte SAG level register, SAGLVL[0:7],
are compared to the absolute value of Bit 6 to Bit 13 from the
voltage waveform samples. For example, the nominal maximum
code of the voltage channel waveform samples with a full-scale
signal input at 60 Hz is 0x2748 (see the Voltage Channel Sampling
section). Bit 13 to Bit 6 are 0x9D. Therefore, writing 0x9D to the
SAG level register puts the SAG detection level at full scale and
sets the SAG detection to its most sensitive value.

The detection is made when the content of the SAGLVL[7:0]
register is greater than the incoming sample. Writing 0x00 puts
the SAG detection level at 0. The detection of a decrease of an
input voltage is disabled in this case.

PEAKVOLTAGE DETECTION

The ADE7758 can record the peak of the voltage waveform and
produce an interrupt if the current exceeds a preset limit.

Peak Voltage Detection Using the VPEAK Register

The peak absolute value of the voltage waveform within a fixed
number of half-line cycles is stored in the VPEAK register.
Figure 58 illustrates the timing behavior of the peak voltage
detection.
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Figure 58. Peak Voltage Detection Using the VPEAK Register
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Note that the content of the VPEAK register is equivalent to

Bit 6 to Bit 13 of the 16-bit voltage waveform sample. At full-
scale analog input, the voltage waveform sample at 60 Hz is
0x2748. The VPEAK at full-scale input is, therefore, expected to
be 0x9D.

In addition, multiple phases can be activated for the peak
detection simultaneously by setting multiple bits among the
PEAKSEL[2:4] bits in the MMODE register. These bits select
the phase for both voltage and current peak measurements.

Note that if more than one bit is set, the VPEAK and IPEAK
registers can hold values from two different phases, that is, the
voltage and current peak are independently processed (see the
Peak Current Detection section).

Note that the number of half-line cycles is based on counting
the zero crossing of the voltage channel. The ZXSEL[2:0] bits in
the LCYCMODE register determine which voltage channels are
used for the zero-crossing detection (see Table 22). The same
signal is also used for line cycle energy accumulation mode if
activated.

Overvoltage Detection Interrupt

Figure 59 illustrates the behavior of the overvoltage detection.
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Figure 59. ADE7758 Overvoltage Detection

Note that the content of the VPINTLVL[7:0] register is
equivalent to Bit 6 to Bit 13 of the 16-bit voltage waveform
samples; therefore, setting this register to 0x9D represents
putting the peak detection at full-scale analog input. Figure 59
shows a voltage exceeding a threshold. By setting the PKV flag
(Bit 14) in the interrupt status register, the overvoltage event is
recorded. If the PKV enable bit is set to Logic 1 in the interrupt
mask register, the IRQ logic output goes active low (see the

Interrupts section).

Multiple phases can be activated for peak detection. If any of the
active phases produce waveform samples above the threshold,
the PKV flag in the interrupt status register is set. The phase in
which overvoltage is monitored is set by the PKIRQSEL[5:7]
bits in the MMODE register (see Table 19).

PHASE SEQUENCE DETECTION

The ADE7758 has an on-chip phase sequence error detection
interrupt. This detection works on phase voltages and considers
all associated zero crossings. The regular succession of these
Zero crossings events is a negative to positive transition on
Phase A, followed by a positive to negative transition on Phase
C, followed by a negative to positive transition on Phase B, and
S0 on.
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On the ADE7758, if the regular succession of the zero crossings
presented above happens, the SEQERR bit (Bit 19) in the
STATUS register is set (Figure 60). If SEQERR is set in the mask
register, the IRQ logic output goes active low (see the Interrupts

section).

If the regular zero crossing succession does not occur, that is when
a negative to positive transition on Phase A followed by a
positive to negative transition on Phase B, followed by a
negative to positive transition on Phase C, and so on, the
SEQERR bit (Bit 19) in the STATUS register is cleared to 0.

To have the ADE7758 trigger SEQERR status bit when the zero
crossing regular succession does not occur, the analog inputs for
Phase C and Phase B should be swapped. In this case, the Phase
B voltage input should be wired to the VCP pin, and the Phase
C voltage input should be wired to the VBP pin.

VOLTAGE
WAVEFORMS

04443060

SEQERR BIT OF STATUS REGISTER IS SET
Figure 60. Regular Phase Sequence Sets SEQERR Bitto 1

VOLTAGE
WAVEFORMS

04443-160

SEQERR BIT OF STATUS REGISTER IS NOT SET

Figure 61. Erroneous Phase Sequence Clears SEQERR Bit to 0
POWER-SUPPLY MONITOR

The ADE7758 also contains an on-chip power-supply monitor.
The analog supply (AVDD) is monitored continuously by the
ADE7758. If the supply is less than 4 V + 5%, the ADE7758
goes into an inactive state, that is, no energy is accumulated
when the supply voltage is below 4 V. This is useful to ensure
correct device operation at power-up and during power-down.
The power-supply monitor has built-in hysteresis and filtering.
This gives a high degree of immunity to false triggering due to
noisy supplies. When AVDD returns above 4 V + 5%, the
ADE7758 waits 18 ps for the voltage to achieve the
recommended voltage range, 5 V + 5% and then becomes ready
to function. Figure 62 shows the behavior of the ADE7758
when the voltage of AVDD falls below the power-supply

monitor threshold. The power supply and decoupling for the
part should be designed such that the ripple at AVDD does not
exceed 5V * 5% as specified for normal operation.

AVpp

5V
4V —

ov

TIME

ADE7758

INTERNAL
CALCULATIONS |INACTIVE ACTIVE INACTIVE

/
04443-061

y

Figure 62. On-Chip, Power-Supply Monitoring
REFERENCE CIRCUIT

The nominal reference voltage at the REFour pin is 2.42 V.
This is the reference voltage used for the ADCs in the
ADE7758. However, the current channels have three input
range selections (full scale is selectable among 0.5V, 0.25 V, and
0.125 V). This is achieved by dividing the reference internally
by 1, ¥, and %. The reference value is used for the ADC in the
current channels. Note that the full-scale selection is only
available for the current inputs.

The REFwvour pin can be overdriven by an external source, for
example, an external 2.5 V reference. Note that the nominal
reference value supplied to the ADC is now 2.5 V and not
2.42 V. This has the effect of increasing the nominal analog
input signal range by 2.5/2.42 x 100% = 3% or from 0.5 V to
0.5165 V.

The voltage of the ADE7758 reference drifts slightly with
temperature; see the Specifications section for the temperature
coefficient specification (in ppm/°C). The value of the temperature
drift varies from part to part. Because the reference is used for
all ADCs, any x% drift in the reference results in a 2x%
deviation of the meter accuracy. The reference drift resulting
from temperature changes is usually very small and typically
much smaller than the drift of other components on a meter.
Alternatively, the meter can be calibrated at multiple temperatures.

TEMPERATURE MEASUREMENT

The ADE7758 also includes an on-chip temperature sensor. A
temperature measurement is made every 4/CLKIN seconds.
The output from the temperature sensing circuit is connected to
an ADC for digitizing. The resultant code is processed and
placed in the temperature register (TEMP[7:0]). This register
can be read by the user and has an address of 0x11 (see the
Serial Interface section). The contents of the temperature
register are signed (twos complement) with a resolution of
3°C/LSB. The offset of this register may vary significantly from
part to part. To calibrate this register, the nominal value should
be measured, and the equation should be adjusted accordingly.
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Temp (°C) =
[(TEMP[7:0] — Offset) x 3°C/LSB] + Ambient(°C) (4)

For example, if the temperature register produces a code of 0x46
at ambient temperature (25°C), and the temperature register
currently reads 0x50, then the temperature is 55°C :

Temp (°C) = [(0x50 - 0x46) x 3°C/LSB] + 25°C = 55°C

Depending on the nominal value of the register, some finite
temperature can cause the register to roll over. This should be
compensated for in the system master (MCU).

The ADE7758 temperature register varies with power supply. It
is recommended to use the temperature register only in
applications with a fixed, stable power supply. Typical error with
respect to power supply variation is show in Table 5.

Table 5. Temperature Register Error with Power Supply
Variation

45V | 475V 5V 5.25V 55V

Register Value 219 216 214 | 211 208
% Error +2.34 | +0.93 0 -1.40 -2.80

ROOT MEAN SQUARE MEASUREMENT

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

FRMS = /% [ (e 5)

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

FRMS LS
ﬂ/ﬁ%f (] (6)

The method used to calculate the rms value in the ADE7758 is
to low-pass filter the square of the input signal (LPF3) and take
the square root of the result (see Figure 63).

i(t) = V2 x IRMS x sin(w?) (7)
then
i%(t) = IRMS? — IRMS? x cos(wt) (8)

The rms calculation is simultaneously processed on the six
analog input channels. Each result is available in separate
registers.

While the ADE7758 measures nonsinusoidal signals, it should
be noted that the voltage rms measurement, and therefore the
apparent energy, are bandlimited to 260 Hz. The current rms as
well as the active power have a bandwidth of 14 kHz.

Current RMS Calculation

Figure 63 shows the detail of the signal processing chain for the
rms calculation on one of the phases of the current channel.
The current channel rms value is processed from the samples
used in the current channel waveform sampling mode. The
current rms values are stored in 24-bit registers (AIRMS,
BIRMS, and CIRMS). One LSB of the current rms register is
equivalent to one LSB of the current waveform sample. The
update rate of the current rms measurement is CLKIN/12.
AIRMSOS[11:0]

T T T 08T T T
|SGN 224 223 222 216 215 214|
0x2851EC I (o

0x0 0x1D3781
0x00
0xD7AE14
LPF3
CURRENT SIGNAL

. /
PR NeRATOR _>®_> AIRMS[23:0]

(IF ENABLED)

04443-062

Figure 63. Current RMS Signal Processing

With the specified full-scale analog input signal of 0.5 V, the
ADC produces an output code that is approximately
+2,642,412d (see the Current Channel ADC section). The
equivalent rms value of a full-scale sinusoidal signal at 60 Hz is
1,914,753 (0x1D3781).

The accuracy of the current rms is typically 0.5% error from the
full-scale input down to 1/500 of the full-scale input. Additionally,
this measurement has a bandwidth of 14 kHz. It is recommended
to read the rms registers synchronous to the voltage zero
crossings to ensure stability. The IRQ can be used to indicate
when a zero crossing has occurred (see the Interrupts section).

Table 6 shows the settling time for the IRMS measurement,
which is the time it takes for the rms register to reflect the value
at the input to the current channel.

Table 6. Settling Time for IRMS Measurement

63% 100%
Integrator Off 80 ms 960 ms
Integrator On 40 ms 1.68 sec
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Current RMS Offset Compensation

The ADE7758 incorporates a current rms offset compensation
register for each phase (AIRMSOS, BIRMSOS, and CIRMSOS).
These are 12-bit signed registers that can be used to remove
offsets in the current rms calculations. An offset can exist in the
rms calculation due to input noises that are integrated in the dc
component of I’(t). Assuming that the maximum value from
the current rms calculation is 1,914,753d with full-scale ac
inputs (60 Hz), one LSB of the current rms offset represents
0.94% of the measurement error at 60 dB down from full scale.
The IRMS measurement is undefined at zero input. Calibration
of the offset should be done at low current and values at zero
input should be ignored. For details on how to calibrate the
current rms measurement, see the Calibration section.

IRMS = \/IRMSOZ +16384 x IRMSOS (9)
where IRMS, is the rms measurement without offset correction.

Table 7. Approximate IRMS Register Values

VRMSOS[11:0]

”n
TCT L—
28 27 25|

T T T
16 215 14
|SGNI2 I2 I2 I(\() 1 1 1

B!
VAN AVRMS[23:0]

LPF1 LPF3
50Hz

VOLTAGE SIGNAL-V(t) LPF OUTPUT 0x193504
0 A WORD RANGE VWV
.5
¢ &N 0x2797 00
0x0 60Hz
0xD869 0x1902BD h App\,
60Hz
LPF OUTPUT 0x0 b—"—
A WORD RANGE
0x2748
0x0
0xD8B8 g
\ 3

Figure 64. Voltage RMS Signal Processing

Table 8 shows the settling time for the VRMS measurement,
which is the time it takes for the rms register to reflect the value
at the input to the voltage channel.

Frequency (Hz) Integrator Off (d) Integrator On (d)
50 1,921,472 2,489,581 Table 8. Settling Time for VRMS Measurement
60 1,914,752 2,067,210 63% 100%

100 ms 960 ms

Voltage Channel RMS Calculation

Figure 64 shows the details of the signal path for the rms
estimation on Phase A of the voltage channel. This voltage rms
estimation is done in the ADE7758 using the mean absolute
value calculation, as shown in Figure 64.The voltage channel
rms value is processed from the waveform samples after the
low-pass filter LPF1. The output of the voltage channel ADC
can be scaled by +50% by changing VRMSGAIN[11:0] registers
to perform an overall rms voltage calibration. The VRMSGAIN
registers scale the rms calculations as well as the apparent
energy calculation because apparent power is the product of the
voltage and current rms values. The voltage rms values are
stored in 24-bit registers (AVRMS, BVRMS, and CVRMS). One
LSB of a voltage waveform sample is approximately equivalent to
256 LSBs of the voltage rms register. The update rate of the
voltage rms measurement is CLKIN/12.

With the specified full-scale ac analog input signal of 0.5V, the
LPF1 produces an output code that is approximately 63% of its
full-scale value, that is, £9,372d, at 60 Hz (see the Voltage
Channel ADC section). The equivalent rms value of a full-scale
ac signal is approximately 1,639,101 (0x1902BD) in the VRMS
register.

The accuracy of the VRMS measurement is typically 0.5% error
from the full-scale input down to 1/20 of the full-scale input.
Additionally, this measurement has a bandwidth of 260 Hz. It is
recommended to read the rms registers synchronous to the
voltage zero crossings to ensure stability. The IRQ can be used
to indicate when a zero crossing has occurred (see the
Interrupts section).

Voltage RMS Offset Compensation

The ADE7758 incorporates a voltage rms offset compensation
for each phase (AVRMSOS, BVRMSOS, and CVRMSOS).
These are 12-bit signed registers that can be used to remove
offsets in the voltage rms calculations. An offset can exist in the
rms calculation due to input noises and offsets in the input
samples. It should be noted that the offset calibration does not
allow the contents of the VRMS registers to be maintained at 0
when no voltage is applied. This is caused by noise in the
voltage rms calculation, which limits the usable range between
full scale and 1/50th of full scale. One LSB of the voltage rms
offset is equivalent to 64 LSBs of the voltage rms register.

Assuming that the maximum value from the voltage rms
calculation is 1,639,101d with full-scale ac inputs, then 1 LSB of
the voltage rms offset represents 0.042% of the measurement
error at 1/10 of full scale.

VRMS = VRMSo + VRMSOS x 64 (10)

where VRMS, is the rms measurement without the offset
correction.

Table 9. Approximate VRMS Register Values

Frequency (Hz) Value (d)
50 1,678,210
60 1,665,118
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Voltage RMS Gain Adjust

The ADC gain in each phase of the voltage channel can be
adjusted for the rms calculation by using the voltage rms gain
registers (AVRMSGAIN, BVRMSGAIN, and CVRMSGAIN).
The gain of the voltage waveforms before LPF1 is adjusted by
writing twos complement, 12-bit words to the voltage rms gain
registers. Equation 11 shows how the gain adjustment is related
to the contents of the voltage gain register.

Content of VRMS Register =

11
Nominal RMS Values Without Gain x (1 +wj (1)

212

For example, when 0x7FF is written to the voltage gain register,
the RMS value is scaled up by 50%.

0x7FF = 2047d
2047/22 = 0.5

Similarly, when 0x800, which equals -2047d (signed twos
complement), is written the ADC output is scaled by -50%.

ACTIVE POWER CALCULATION

Electrical power is defined as the rate of energy flow from
source to load. It is given by the product of the voltage and
current waveforms. The resulting waveform is called the
instantaneous power signal and it is equal to the rate of energy
flow at every instant of time. The unit of power is the watt or
joules/sec. Equation 14 gives an expression for the instantaneous
power signal in an ac system.

v(£) = V2 x VRMS x sin(wt) (12)

i(t) = V2 x IRMS x sin(«wt) (13)
where VRMS = rms voltage and IRMS = rms current.

p(®) = (D) x i()

p(t) = IRMS x VRMS — IRMS x VRMS x cos(2wt) (14)

The average power over an integral number of line cycles (n) is
given by the expression in Equation 15.

nT
p:niTj p (¢)dt = VRMS x IRMS (15)
0

where:

t is the line cycle period.

P is referred to as the active or real power. Note that the active
power is equal to the dc component of the instantaneous power
signal p(t) in Equation 14, that is, VRMS x IRMS. This is the
relationship used to calculate the active power in the ADE7758
for each phase.

The instantaneous power signal p(t) is generated by multiplying
the current and voltage signals in each phase. The dc component
of the instantaneous power signal in each phase (A, B, and C) is
then extracted by LPF2 (the low-pass filter) to obtain the
average active power information on each phase. Figure 65
shows this process. The active power of each phase accumulates
in the corresponding 16-bit watt-hour register (AWATTHR,
BWATTHR, or CWATTHR). The input to each active energy
register can be changed depending on the accumulation mode
setting (see Table 22).

INSTANTANEOUS -
A POWER SIGNAL:  P(t) = VRMS x IRMS — VRMS x IRMS x cos(2wt)
0x19999A [-———— - e e -
ACTIVE REAL POWER
SIGNAL = VRMS x IRMS
VRMS xIRMS | - _ ferm =\ __frrT =\ _____
0xCCCCD
S
’ AN
7
\
A} 7 >
/ \\ 4
CURRENT N 4
) . ~ 7
i(t) =V2 x IRMS x sin(wt) >~ _ .~
VOLTAGE g
\j v(t) =V2 x VRMS x sin(wt) 3

Figure 65. Active Power Calculation

Because LPF2 does not have an ideal brick wall frequency
response (see Figure 66), the active power signal has some
ripple due to the instantaneous power signal. This ripple is
sinusoidal and has a frequency equal to twice the line frequency.
Because the ripple is sinusoidal in nature, it is removed when
the active power signal is integrated over time to calculate the
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N
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Figure 66. Frequency Response of the LPF Used
to Filter Instantaneous Power in Each Phase
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Active Power Gain Calibration

Note that the average active power result from the LPF output
in each phase can be scaled by £50% by writing to the phase’s
watt gain register (AWG, BWG, or CWG). The watt gain
registers are twos complement, signed registers and have a
resolution of 0.024%/LSB. Equation 16 describes
mathematically the function of the watt gain registers.

Average Power Data =
Watt Gain Register j (16)
212

LPF2 Output x (1 +

The output is scaled by —50% by writing 0x800 to the watt gain
registers and increased by +50% by writing 0x7FF to them.
These registers can be used to calibrate the active power (or
energy) calculation in the ADE7758 for each phase.

Active Power Offset Calibration

The ADE7758 also incorporates a watt offset register on each
phase (AWATTOS, BWATTOS, and CWATTOS). These are
signed twos complement, 12-bit registers that are used to
remove offsets in the active power calculations. An offset can
exist in the power calculation due to crosstalk between channels
on the PCB or in the chip itself. The offset calibration allows the
contents of the active power register to be maintained at 0 when
no power is being consumed. One LSB in the active power
offset register is equivalent to 1/16 LSB in the active power
multiplier output. At full-scale input, if the output from the
multiplier is 0xCCCCD (838,861d), then 1 LSB in the LPF2
output is equivalent to 0.0075% of measurement error at 60 dB
down from full scale on the current channel. At -60 dB down
on full scale (the input signal level is 1/1000 of full-scale signal
inputs), the average word value from LPF2 is 838.861
(838,861/1000). One LSB is equivalent to 1/838.861/16 x 100%
= 0.0075% of the measured value. The active power offset register
has a correction resolution equal to 0.0075% at —60 dB.

Sign of Active Power Calculation

Note that the average active power is a signed calculation. If the
phase difference between the current and voltage waveform is
more than 90°, the average power becomes negative. Negative
power indicates that energy is being placed back on the grid.
The ADE7758 has a sign detection circuitry for active power
calculation.

The REVPAP bit (Bit 17) in the interrupt status register is set if
the average power from any one of the phases changes sign. The
phases monitored are selected by TERMSEL bits in the
COMPMODE register (see Table 21). The TERMSEL bits are
also used to select which phases are included in the APCF and
VARCE pulse outputs. If the REVPAP bit is set in the mask
register, the IRQ logic output goes active low (see the Interrupts
section). Note that this bit is set whenever there are sign
changes, that is, the REVPAP bit is set for both a positive-to-
negative change and a negative-to-positive change of the sign
bit. The response time of this bit is approximately 176 ms for a
full-scale signal, which has an average value of 0xCCCCD at the
low pass filter output. For smaller inputs, the time is longer.

225

X
Average Value} CLKIN

Response Time =160 ms +{ (17)
The APCFNUM [15:13] indicate reverse power on each of the
individual phases. Bit 15 is set if the sign of the power on Phase A is
negative, Bit 14 for Phase B, and Bit 13 for Phase C.

No-Load Threshold

The ADE7758 has an internal no-load threshold on each phase.
The no-load threshold can be activated by setting the NOLOAD
bit (Bit 7) of the COMPMODE register. If the active power falls
below 0.005% of full-scale input, the energy is not accumulated
in that phase. As stated, the average multiplier output with full-
scale input is 0xCCCCD. Therefore, if the average multiplier
output falls below 0x2A, the power is not accumulated to avoid
creep in the meter. The no-load threshold is implemented only
on the active energy accumulation. The reactive and apparent
energies do not have the no-load threshold option.

Active Energy Calculation

As previously stated, power is defined as the rate of energy flow.
This relationship can be expressed mathematically as

Power = M (18)
dt
Conversely, Energy is given as the integral of power.
Energy = jp (¢)dt (19)
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Figure 67. ADE7758 Active Energy Accumulation

The ADE7758 achieves the integration of the active power
signal by continuously accumulating the active power signal in
the internal 41-bit energy registers. The watt-hr registers
(AWATTHR, BWATTHR, and CWATTHR) represent the upper
16 bits of these internal registers. This discrete time accumulation
or summation is equivalent to integration in continuous time.
Equation 20 expresses the relationship.

Energy = jp ()t = Ifir{)l{ip(nT) x T} (20)

where:

n is the discrete time sample number.
T is the sample period.

Figure 67 shows a signal path of this energy accumulation. The
average active power signal is continuously added to the internal
active energy register. This addition is a signed operation.
Negative energy is subtracted from the active energy register.
Note the values shown in Figure 67 are the nominal full-scale
values, that is, the voltage and current inputs at the corresponding
phase are at their full-scale input level. The average active power
is divided by the content of the watt divider register before it is
added to the corresponding watt-hr accumulation registers.
When the value in the WDIV[7:0] register is 0 or 1, active
power is accumulated without division. WDIV is an 8-bit
unsigned register that is useful to lengthen the time it takes
before the watt-hr accumulation registers overflow.

Figure 68 shows the energy accumulation for full-scale signals
(sinusoidal) on the analog inputs. The three displayed curves
show the minimum time it takes for the watt-hr accumulation
register to overflow when the watt gain register of the corre-
sponding phase equals to 0x7FF, 0x000, and 0x800. The watt
gain registers are used to carry out a power calibration in the
ADE7758. As shown, the fastest integration time occurs when
the watt gain registers are set to maximum full scale, that is, 0x7FE

This is the time it takes before overflow can be scaled by writing
to the WDIV register and therefore can be increased by a
maximum factor of 255.

Note that the active energy register content can roll over to full-
scale negative (0x8000) and continue increasing in value when
the active power is positive (see Figure 67). Conversely, if the
active power is negative, the energy register would under flow
to full-scale positive (0x7FFF) and continue decreasing in value.

By setting the AEHF bit (Bit 0) of the interrupt mask register,
the ADE7758 can be configured to issue an interrupt (@)
when Bit 14 of any one of the three watt-hr accumulation
registers has changed, indicating that the accumulation register
is half full (positive or negative).

Setting the RSTREAD bit (Bit 6) of the LCYMODE register
enables a read-with-reset for the watt-hr accumulation registers,
that is, the registers are reset to 0 after a read operation.

----- WATT GAIN = 0x7FF
—— WATT GAIN = 0x000
= = = WATT GAIN = 0x800

CONTENTS OF WATT-HR
ACCUMULATION REGISTER

A
OX7FFF

|

O0x3FFF

0x0000

0xC000

0x8000 i

04443-067

TIME (Sec)

Figure 68. Energy Register Roll-Over Time for Full-Scale Power
(Minimum and Maximum Power Gain)
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Integration Time Under Steady Load

The discrete time sample period (T) for the accumulation register
is 0.4 us (4/CLKIN). With full-scale sinusoidal signals on the
analog inputs and the watt gain registers set to 0x000, the average
word value from each LPF2 is 0xCCCCD (see Figure 65 and
Figure 67). The maximum value that can be stored in the watt-
hr accumulation register before it overflows is 2'* — 1 or 0x7FFF.
Because the average word value is added to the internal register,
which can store 2 — 1 or 0xFF, FFFE, FFFF before it overflows,
the integration time under these conditions with WDIV =0 is
calculated as

. 0xFF, FFFF, FFFF
Time=—————— x 0.4 us = 0.524 sec (21)
0xCCCCD

When WDIV is set to a value different from 0, the time before
overflow is scaled accordingly as shown in Equation 22.

Time = Time (WDIV = 0) x WDIV[7:0] (22)
Energy Accumulation Mode

The active power accumulated in each watt-hr accumulation
register (AWATTHR, BWATTHR, or CWATTHR) depends on
the configuration of the CONSEL bits in the COMPMODE
register (Bit 0 and Bit 1). The different configurations are
described in Table 10.

Table 10. Inputs to Watt-Hr Accumulation Registers

CONSEL[1, 0] AWATTHR BWATTHR CWATTHR
00 VA X IA VB x IB VCxIC

01 VA x (IA-1B) 0 VC x (IC-1B)
10 VA X (IA - B) 0 VCxIC

11 Reserved Reserved Reserved

Depending on the poly phase meter service, the appropriate
formula should be chosen to calculate the active energy. The
American ANSI C12.10 Standard defines the different
configurations of the meter.

Table 11 describes which mode should be chosen in these
different configurations.

Table 11. Meter Form Configuration

ANSI Meter Form CONSEL (d) TERMSEL (d)
55/13S 3-Wire Delta 0 3,5 0r6
65/14S 4-Wire Wye 1 7
85/15S 4-Wire Delta 2 7
95/16S 4-Wire Wye 0 7

Active Power Frequency Output

Pin 1 (APCF) of the ADE7758 provides frequency output for
the total active power. After initial calibration during manufac-
turing, the manufacturer or end customer often verifies the
energy meter calibration. One convenient way to verify the
meter calibration is for the manufacturer to provide an output
frequency that is proportional to the energy or active power

under steady load conditions. This output frequency can provide a

simple, single-wire, optically isolated interface to external
calibration equipment. Figure 69 illustrates the energy-to-
frequency conversion in the ADE7758.

APCFNUM[11:0]
REGISTER
+
INPUT TO BWATTHR ___+ -
REGISTER — ™ ® O APCF

INPUT TO CWATTHR
REGISTER

INPUT TO AWATTHR
E

APCFDEN[11:0]

04443-068

Figure 69. Active Power Frequency Output

A digital-to-frequency converter (DFC) is used to generate the
APCEF pulse output from the total active power. The TERMSEL
bits (Bit 2 to Bit 4) of the COMPMODE register can be used to
select which phases to include in the total power calculation.
Setting Bit 2, Bit 3, and Bit 4 includes the input to the AWATTHR,
BWATTHR, and CWATTHR registers in the total active power
calculation. The total active power is signed addition. However,
setting the ABS bit (Bit 5) in the COMPMODE register enables
the absolute-only mode; that is, only the absolute value of the
active power is considered.

The output from the DFC is divided down by a pair of frequency
division registers before being sent to the APCF pulse output.
Namely, APCFDEN/APCFNUM pulses are needed at the DFC
output before the APCF pin outputs a pulse. Under steady load
conditions, the output frequency is directly proportional to the
total active power. The pulse width of APCF is 64/CLKIN if
APCFNUM and APCFDEN are both equal. If APCFDEN is
greater than APCFNUM, the pulse width depends on APCFDEN.
The pulse width in this case is T x (APCFDEN/2), where T is
the period of the APCF pulse and APCFDEN/2 is rounded to
the nearest whole number. An exception to this is when the
period is greater than 180 ms. In this case, the pulse width is
fixed at 90 ms.

The maximum output frequency (APCFNUM = 0x00 and
APCFDEN = 0x00) with full-scale ac signals on one phase is
approximately 16 kHz.

The ADE7758 incorporates two registers to set the frequency of
APCF (APCFNUM][11:0] and APCFDEN][11:0]). These are
unsigned 12-bit registers that can be used to adjust the frequency of
APCF by 1/2" to 1 with a step of 1/2'%, For example, if the
output frequency is 1.562 kHz while the contents of APCFDEN
are 0 (0x000), then the output frequency can be set to 6.103 Hz
by writing OXFF to the APCFDEN register.

If 0 were written to any of the frequency division registers, the
divider would use 1 in the frequency division. In addition, the
ratio APCFNUM/APCFDEN should be set not greater than 1 to
ensure proper operation. In other words, the APCF output
frequency cannot be higher than the frequency on the DFC output.

The output frequency has a slight ripple at a frequency equal to
2x the line frequency. This is due to imperfect filtering of the
instantaneous power signal to generate the active power signal
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(see the Active Power Calculation section). Equation 14 gives an
expression for the instantaneous power signal. This is filtered by
LPF2, which has a magnitude response given by Equation 23.

H(f)=—— (23)

Ry

The active power signal (output of the LPF2) can be rewritten as

VRMS x IRMS

p(t) = VRMSx IRMS
1+ (Zfl%

x cos(4nf1t) (24)

where fi is the line frequency, for example, 60 Hz.

From Equation 24, E(t) equals

VRMS x IRMS

47zf1\/1+ (2 fl%

From Equation 25, it can be seen that there is a small ripple in
the energy calculation due to the sin(2wt) component (see
Figure 70). The ripple gets larger with larger loads. Choosing a
lower output frequency for APCF during calibration by using a
large APCFDEN value and keeping APCFNUM relatively small
can significantly reduce the ripple. Averaging the output
frequency over a longer period achieves the same results.

VRMS x IRMS x t—

x CoS(4xfit) (25)
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Figure 70. Output Frequency Ripple
Line Cycle Active Energy Accumulation Mode

The ADE7758 is designed with a special energy accumulation
mode that simplifies the calibration process. By using the on-
chip, zero-crossing detection, the ADE7758 updates the watt-hr
accumulation registers after an integer number of zero crossings
(see Figure 71). The line-active energy accumulation mode for
watt-hr accumulation is activated by setting the LWATT bit

(Bit 0) of the LCYCMODE register. The total energy accumu-
lated over an integer number of half-line cycles is written to the
watt-hr accumulation registers after the LINECYC number of zero
crossings is detected. When using the line cycle accumulation
mode, the RSTREAD bit (Bit 6) of the LCYCMODE register
should be set to Logic 0.
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Figure 71. ADE7758 Line Cycle Active Energy Accumulation Mode
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Phase A, Phase B, and Phase C zero crossings are, respectively,
included when counting the number of half-line cycles by
setting ZXSEL[0:2] bits (Bit 3 to Bit 5) in the LCYCMODE
register. Any combination of the zero crossings from all three
phases can be used for counting the zero crossing. Only one
phase should be selected at a time for inclusion in the zero
crossings count during calibration (see the Calibration section).

The number of zero crossings is specified by the LINECYC
register. LINECYC is an unsigned 16-bit register. The ADE7758
can accumulate active power for up to 65535 combined zero
crossings. Note that the internal zero-crossing counter is always
active. By setting the LWATT bit, the first energy accumulation
result is, therefore, incorrect. Writing to the LINECYC register
when the LWATT bit is set resets the zero-crossing counter, thus
ensuring that the first energy accumulation result is accurate.

At the end of an energy calibration cycle, the LENERGY bit
(Bit 12) in the STATUS register is set. If the correspondi_ng
mask bit in the interrupt mask register is enabled, the IRQ
output also goes active low; thus, the TRQ can also be used to
signal the end of a calibration.

Because active power is integrated on an integer number of half-
line cycles in this mode, the sinusoidal component is reduced to
0, eliminating any ripple in the energy calculation. Therefore, total
energy accumulated using the line-cycle accumulation mode is

E(t) = VRMS x IRMS x t (26)
where t is the accumulation time.

Note that line cycle active energy accumulation uses the same
signal path as the active energy accumulation. The LSB size of
these two methods is equivalent. Using the line cycle accumula-
tion to calculate the kWh/LSB constant results in a value that
can be applied to the WATTHR registers when the line
accumulation mode is not selected (see the Calibration section).

REACTIVE POWER CALCULATION

A load that contains a reactive element (inductor or capacitor)
produces a phase difference between the applied ac voltage and
the resulting current. The power associated with reactive elements
is called reactive power, and its unit is VAR. Reactive power is
defined as the product of the voltage and current waveforms when
one of these signals is phase shifted by 90°.

Equation 30 gives an expression for the instantaneous reactive
power signal in an ac system when the phase of the current
channel is shifted by +90°.

v(t)= ﬁV sin(wt - 9) (27)
i(t) =2 I sin(wt)
i'(t)=~21 sin(wt + g)

(28)

where:

v = rms voltage.
i =rms current.
0 = total phase shift caused by the reactive elements in the load.

Then the instantaneous reactive power q(t) can be expressed as

q(t)=v(t) x i'(t)

29
qt)=VI cos(—@—gJ—VI cos[Za)t— 9—%) (29)
where i'(t) is the current waveform phase shifted by 90°.
Note that g(t) can be rewritten as
q(t)= VI sin(0) + VIsin(2wt - 0) (30)
The average reactive power over an integral number of line
cycles (n) is given by the expression in Equation 31.
nT
inj.q(t)dt:VxIxsin(S) (31)
nT §

where:

T is the period of the line cycle.

Q is referred to as the average reactive power. The instantaneous
reactive power signal g(t) is generated by multiplying the
voltage signals and the 90° phase-shifted current in each phase.

The dc component of the instantaneous reactive power signal in
each phase (A, B, and C) is then extracted by a low-pass filter to
obtain the average reactive power information on each phase.
This process is illustrated in Figure 72. The reactive power of
each phase is accumulated in the corresponding 16-bit VAR-
hour register (AVARHR, BVARHR, or CVARHR). The input to
each reactive energy register can be changed depending on the
accumulation mode setting (see Table 21).

The frequency response of the LPF in the reactive power signal
path is identical to that of the LPF2 used in the average active
power calculation (see Figure 66).

INSTANTANEOUS
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Figure 72. Reactive Power Calculation

The low-pass filter is nonideal, so the reactive power signal has
some ripple. This ripple is sinusoidal and has a frequency equal
to 2x the line frequency. Because the ripple is sinusoidal

in nature, it is removed when the reactive power signal is
integrated over time to calculate the reactive energy.
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The phase-shift filter has -90° phase shift when the integrator is
enabled and +90° phase shift when the integrator is disabled. In
addition, the filter has a nonunity magnitude response. Because
the phase-shift filter has a large attenuation at high frequency,
the reactive power is primarily for the calculation at line
frequency. The effect of harmonics is largely ignored in the
reactive power calculation. Note that because of the magnitude
characteristic of the phase shifting filter, the LSB weight of the
reactive power calculation is slightly different from that of the
active power calculation (see the Energy Registers Scaling
section). The ADE7758 uses the line frequency of the phase
selected in the FREQSEL[1:0] bits of the MMODE[1:0] to
compensate for attenuation of the reactive energy phase shift
filter over frequency (see the Period Measurement section).

Reactive Power Gain Calibration

The average reactive power from the LPF output in each phase
can be scaled by £50% by writing to the phase’s VAR gain register
(AVARG, BVARG, or CVARG). The VAR gain registers are twos
complement, signed registers and have a resolution of 0.024%/LSB.
The function of the VAR gain registers is expressed by

Average Reactive Power =

VAR Gain Registerj (32)

212

LPF2 Output x (1 +

The output is scaled by -50% by writing 0x800 to the VAR gain
registers and increased by +50% by writing 0x7FF to them.
These registers can be used to calibrate the reactive power (or
energy) calculation in the ADE7758 for each phase.

Reactive Power Offset Calibration

The ADE7758 incorporates a VAR offset register on each phase
(AVAROS, BVAROS, and CVAROS). These are signed twos
complement, 12-bit registers that are used to remove offsets in
the reactive power calculations. An offset can exist in the power
calculation due to crosstalk between channels on the PCB or in
the chip itself. The offset calibration allows the contents of the
reactive power register to be maintained at 0 when no reactive
power is being consumed. The offset registers’ resolution is the
same as the active power offset registers (see the Apparent
Power Offset Calibration section).

Sign of Reactive Power Calculation

Note that the average reactive power is a signed calculation. As
stated previously, the phase shift filter has —-90° phase shift when
the integrator is enabled and +90° phase shift when the
integrator is disabled.

Table 12 summarizes the relationship between the phase difference
between the voltage and the current and the sign of the resulting
VAR calculation.

The ADE7758 has a sign detection circuit for the reactive power
calculation. The REVPRP bit (Bit 18) in the interrupt status
register is set if the average reactive power from any one of the
phases changes. The phases monitored are selected by TERMSEL

bits in the COMPMODE register (see Table 21). If the REVPRP
bit is set in the mask register, the IRQ logic output goes active
low (see the Interrupts section). Note that this bit is set whenever
there is a sign change; that is, the bit is set for either a positive-
to-negative change or a negative-to-positive change of the sign
bit. The response time of this bit is approximately 176 ms for a
full-scale signal, which has an average value of 0xCCCCD at the
low-pass filter output. For smaller inputs, the time is longer.

2% 4
X (33)
AverageValue | CLKIN

ResponseTime =160 ms -{

Table 12. Sign of Reactive Power Calculation

(0) Integrator | Sign of Reactive Power
Between 0 to +90 Off Positive

Between —90 to 0 Off Negative

Between 0 to +90 On Positive

Between —90to 0 On Negative

'@ is defined as the phase angle of the voltage signal minus the current
signal; that is, @ is positive if the load is inductive and negative if the load is
capacitive.

Reactive Energy Calculation

Reactive energy is defined as the integral of reactive power.
Reactive Energy = Iq(t)dt (34)

Similar to active power, the ADE7758 achieves the integration
of the reactive power signal by continuously accumulating the
reactive power signal in the internal 41-bit accumulation
registers. The VAR-hr registers (AVARHR, BVARHR, and
CVARHR) represent the upper 16 bits of these internal
registers. This discrete time accumulation or summation is
equivalent to integration in continuous time. Equation 35
expresses the relationship

Reactive Energy = Iq(t)dt = Lim{iq(nT) x T} (35)
T-0 | p=0

where:

n is the discrete time sample number.
T is the sample period.

Figure 73 shows the signal path of the reactive energy accumula-
tion. The average reactive power signal is continuously added
to the internal reactive energy register. This addition is a signed
operation. Negative energy is subtracted from the reactive energy
register. The average reactive power is divided by the content
of the VAR divider register before it is added to the corresponding
VAR-hr accumulation registers. When the value in the
VARDIV([7:0] register is 0 or 1, the reactive power is accumulated
without any division.

VARDIYV is an 8-bit unsigned register that is useful to lengthen
the time it takes before the VAR-hr accumulation registers
overflow.
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Similar to reactive power, the fastest integration time occurs
when the VAR gain registers are set to maximum full scale,
that is, 0x7FE The time it takes before overflow can be scaled
by writing to the VARDIV register; and, therefore, it can be
increased by a maximum factor of 255.

When overflow occurs, the VAR-hr accumulation registers
content can rollover to full-scale negative (0x8000) and continue
increasing in value when the reactive power is positive. Con-

By setting the REHF bit (Bit 1) of the interrupt mask register,
the ADE7758 can be configured to issue an interrupt (ﬁ)
when Bit 14 of any one of the three VAR-hr accumulation
registers has changed, indicating that the accumulation register
is half full (positive or negative).

Setting the RSTREAD bit (Bit 6) of the LCYMODE register
enables a read-with-reset for the VAR-hr accumulation
registers; that is, the registers are reset to 0 after a read

versely, if the reactive power is negative, the VAR-hr accumulation operation.
registers content can roll over to full-scale positive (0x7FFF)
and continue decreasing in value.
VAROS[11:0]
: N VARHR[15:0]
90° PHASE
HPF__ SHIFTING FILTER |5'GN,26 L1 2 ,2‘1,2‘2,2‘3,2'4| T TR
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Figure 73. ADE7758 Reactive Energy Accumulation
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Integration Time Under Steady Load

The discrete time sample period (T) for the accumulation
register is 0.4 ps (4/CLKIN). With full-scale sinusoidal signals
on the analog inputs, a 90° phase difference between the voltage
and the current signal (the largest possible reactive power), and
the VAR gain registers set to 0x000, the average word value from
each LPF2 is 0xCCCCD.

The maximum value that can be stored in the reactive energy
register before it overflows is 2'* — 1 or 0x7FFF. Because the
average word value is added to the internal register, which can
store 2 — 1 or OxFF, FFFE, FFFF before it overflows, the
integration time under these conditions with VARDIV = 0 is
calculated as

_ OxFF, FFFF, FFFF
~ 0xCCCCD
When VARDIV is set to a value different from 0, the time
before overflow are scaled accordingly as shown in Equation 37.

Time = Time(VARDIV = 0) x VARDIV (37)

Time x 0.4 us =0.5243 sec (36)

Energy Accumulation Mode

The reactive power accumulated in each VAR-hr accumulation
register (AVARHR, BVARHR, or CVARHR) depends on the
configuration of the CONSEL bits in the COMPMODE register
(Bit 0 and Bit 1). The different configurations are described in
Table 13. Note that IA'/IB'/IC’ are the current phase-shifted
current waveform.

Table 13. Inputs to VAR-Hr Accumulation Registers

CONSEL[1, 0] AVARHR BVARHR CVARHR
00 VA X IA’ VB x IB vCexIC

01 VA (IA’-IB") 0 VC(IC'-1B")
10 VA (IA'-IB") 0 vCexIC

11 Reserved Reserved Reserved

Reactive Power Frequency Output

Pin 17 (VARCF) of the ADE7758 provides frequency output for
the total reactive power. Similar to APCE, this pin provides an
output frequency that is directly proportional to the total
reactive power. The pulse width of VARPCF is 64/CLKIN if
VARCFNUM and VARCFDEN are both equal. If VARCFDEN
is greater than VARCFNUM, the pulse width depends on
VARCEFDEN. The pulse width in this case is T'x (VARCFDEN/2),
where T is the period of the VARCF pulse and VARCFDEN/2

is rounded to the nearest whole number. An exception to this

is when the period is greater than 180 ms. In this case, the pulse
width is fixed at 90 ms.

A digital-to-frequency converter (DFC) is used to generate the
VARCE pulse output from the total reactive power. The TERMSEL
bits (Bit 2 to Bit 4) of the COMPMODE register can be used to
select which phases to include in the total reactive power calcu-
lation. Setting Bit 2, Bit 3, and Bit 4 includes the input to the
AVARHR, BVARHR, and CVARHR registers in the total

reactive power calculation. The total reactive power is signed
addition. However, setting the SAVAR bit (Bit 6) in the
COMPMODE register enables absolute value calculation. If the
active power of that phase is positive, no change is made to the
sign of the reactive power. However, if the sign of the active power
is negative in that phase, the sign of its reactive power is inverted
before summing and creating VARCEF pulses. This mode should
be used in conjunction with the absolute value mode for active
power (Bit 5 in the COMPMODE register) for APCF pulses.

The effects of setting the ABS and SAVAR bits of the COMPMODE
register are as follows when ABS = 1 and SAVAR = 1:

If watt > 0, APCF = Watts, VARCF = +VAR.

If watt < 0, APCF = |Watts|, VARCF = -VAR.

INPUT TO AVARHR
REGISTER

+
INPUT TO BVARHR +
REGISTER A

VARCFNUM[11:0]
INPUT TO CVARHR
REGISTER
DFCl—($){za] >0 vARCF

INPUT TO AVAHR ‘
+
INPUT TO BVAHR _+ VARCFDEN[11:0]
REGISTER A

REGISTER
INPUT TO CVAHR VACF BIT (BIT 7) OF
REGISTER WAVMODE REGISTER

04443-073

Figure 74. Reactive Power Frequency Output

The output from the DFC is divided down by a pair of frequency
division registers before sending to the VARCEF pulse output.
Namely, VARCFDEN/VARCFNUM pulses are needed at the
DFC output before the VARCF pin outputs a pulse. Under
steady load conditions, the output frequency is directly
proportional to the total reactive power.

Figure 74 illustrates the energy-to-frequency conversion in the
ADE7758. Note that the input to the DFC can be selected between
the total reactive power and total apparent power. Therefore,
the VARCEF pin can output frequency that is proportional to the
total reactive power or total apparent power. The selection is
made by setting the VACF bit (Bit 7) in the WAVMODE register.
Setting this bit switches the input to the total apparent power.
The default value of this bit is logic low. Therefore, the default
output from the VARCF pin is the total reactive power.

All other operations of this frequency output are similar to that
of the active power frequency output (see the Active Power
Frequency Output section).

Line Cycle Reactive Energy Accumulation Mode

The line cycle reactive energy accumulation mode is activated
by setting the LVAR bit (Bit 1) in the LCYCMODE register. The
total reactive energy accumulated over an integer number of
zero crossings is written to the VAR-hr accumulation registers
after the LINECYC number of zero crossings is detected. The
operation of this mode is similar to watt-hr accumulation (see
the Line Cycle Active Energy Accumulation Mode section).
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When using the line cycle accumulation mode, the RSTREAD
bit (Bit 6) of the LCYCMODE register should be set to Logic 0.

APPARENT POWER CALCULATION

Apparent power is defined as the amplitude of the vector sum of
the active and reactive powers. Figure 75 shows what is typically
referred to as the power triangle.

APPARENT
POWER

REACTIVE POWER

04443-074

ACTIVE POWER
Figure 75. Power Triangle

There are two ways to calculate apparent power: the arithmetical
approach or the vectorial method. The arithmetical approach
uses the product of the voltage rms value and current rms value
to calculate apparent power. Equation 38 describes the arithmetical
approach mathematically.

S = VRMS x IRMS (38)

where S is the apparent power, and VRMS and IRMS are the
rms voltage and current, respectively.

The vectorial method uses the square root of the sum of the
active and reactive power, after the two are individually squared.
Equation 39 shows the calculation used in the vectorial approach.

S=P?+Q? (39)

where:

S is the apparent power.
P is the active power.
Q is the reactive power.

For a pure sinusoidal system, the two approaches should yield
the same result. The apparent energy calculation in the ADE7758
uses the arithmetical approach. However, the line cycle energy
accumulation mode in the ADE7758 enables energy accumula-
tion between active and reactive energies over a synchronous
period, thus the vectorial method can be easily implemented in
the external MCU (see the Line Cycle Active Energy
Accumulation Mode section).

Note that apparent power is always positive regardless of the
direction of the active or reactive energy flows. The rms value of
the current and voltage in each phase is multiplied to produce
the apparent power of the corresponding phase.

The output from the multiplier is then low-pass filtered to obtain
the average apparent power. The frequency response of the LPF
in the apparent power signal path is identical to that of the LPF2
used in the average active power calculation (see Figure 66).

Apparent Power Gain Calibration

Note that the average active power result from the LPF output
in each phase can be scaled by £50% by writing to the phase’s
VAGAIN register (AVAG, BVAG, or CVAG). The VAGAIN
registers are twos complement, signed registers and have a
resolution of 0.024%/LSB. The function of the VAGAIN
registers is expressed mathematically as

Average Apparent Power =
VAGAIN Registerj (40)

212

LPF2 Output x [1 +

The output is scaled by -50% by writing 0x800 to the VAR gain
registers and increased by +50% by writing 0x7FF to them.
These registers can be used to calibrate the apparent power (or
energy) calculation in the ADE7758 for each phase.

Apparent Power Offset Calibration

Each rms measurement includes an offset compensation register
to calibrate and eliminate the dc component in the rms value
(see the Current RMS Calculation section and the Voltage
Channel RMS Calculation section). The voltage and current
rms values are then multiplied together in the apparent power
signal processing. As no additional offsets are created in the
multiplication of the rms values, there is no specific offset
compensation in the apparent power signal processing. The offset
compensation of the apparent power measurement in each phase
should be done by calibrating each individual rms measurement
(see the Calibration section).
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Apparent Energy Calculation
Apparent energy is defined as the integral of apparent power.
Apparent Energy = [ S(t)dt (41)

Similar to active and reactive energy, the ADE7758 achieves the
integration of the apparent power signal by continuously
accumulating the apparent power signal in the internal 41-bit,
unsigned accumulation registers. The VA-hr registers (AVAHR,
BVAHR, and CVAHR) represent the upper 16 bits of these
internal registers. This discrete time accumulation or
summation is equivalent to integration in continuous time.
Equation 42 expresses the relationship

Apparent Energy = IS(t) dt= I%ir? { iS(nT) X T} (42)
— n=0

where:

n is the discrete time sample number.
T is the sample period.

Figure 76 shows the signal path of the apparent energy accumu-
lation. The apparent power signal is continuously added to the
internal apparent energy register. The average apparent power is
divided by the content of the VA divider register before it is
added to the corresponding VA-hr accumulation register. When
the value in the VADIV[7:0] register is 0 or 1, apparent power is
accumulated without any division. VADIV is an 8-bit unsigned
register that is useful to lengthen the time it takes before the
VA-hr accumulation registers overflow.

IRMS
\\_ MULTIPLIER LPF2
CURRENT RMS SIGNAL

Similar to active or reactive power accumulation, the fastest
integration time occurs when the VAGAIN registers are set to
maximum full scale, that is, 0x7FE. When overflow occurs, the
content of the VA-hr accumulation registers can roll over to 0
and continue increasing in value.

By setting the VAEHF bit (Bit 2) of the mask register, the ADE7758
can be configured to issue an interrupt (IRQ) when the MSB of
any one of the three VA-hr accumulation registers has changed,
indicating that the accumulation register is half full.

Setting the RSTREAD bit (Bit 6) of the LCYMODE register
enables a read-with-reset for the VA-hr accumulation registers;
that is, the registers are reset to 0 after a read operation.

Integration Time Under Steady Load

The discrete time sample period (T) for the accumulation register
is 0.4 ps (4/CLKIN). With full-scale, 60 Hz sinusoidal signals on
the analog inputs and the VAGAIN registers set to 0x000, the
average word value from each LPF2 is 0xB9954. The maximum
value that can be stored in the apparent energy register before it
overflows is 2'° — 1 or OXFFFE. As the average word value is first
added to the internal register, which can store 2*' — 1 or 0x1FFE,
FFFFE, FFFF before it overflows, the integration time under these
conditions with VADIV = 0 is calculated as
) 0x1FF, FFFF, FFFF
Time = x0.4 us = 1.157 sec (43)
0xB9954

When VADIV is set to a value different from 0, the time before
overflow is scaled accordingly, as shown in Equation 44.

Time = Time(VADIV = 0) x VADIV (44)
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Figure 76. ADE7758 Apparent Energy Accumulation
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Table 14. Inputs to VA-Hr Accumulation Registers

CONSEL[1, 0] AVAHR' BVAHR CVAHR

00 AVRMS x AIRMS BVRMS x BIRMS CVRMS x CIRMS
01 AVRMS x AIRMS AVRMS + CVRMS/2 x BIRMS CVRMS x CIRMS
10 AVRMS x AIRMS BVRMS x BIRMS CVRMS x CIRMS
11 Reserved Reserved Reserved

' AVRMS/BVRMS/CVRMS are the rms voltage waveform, and AIRMS/BIRMS/CIRMS are the rms values of the current waveform.

Energy Accumulation Mode

The apparent power accumulated in each VA-hr accumulation
register (AVAHR, BVAHR, or CVAHR) depends on the con-
figuration of the CONSEL bits in the COMPMODE register
(Bit 0 and Bit 1). The different configurations are described in
Table 14.

The contents of the VA-hr accumulation registers are affected
by both the registers for rms voltage gain (VRMSGAIN), as well
as the VAGAIN register of the corresponding phase.

Apparent Power Frequency Output

Pin 17 (VARCF) of the ADE7758 provides frequency output for
the total apparent power. By setting the VACF bit (Bit 7) of the
WAVMODE register, this pin provides an output frequency that
is directly proportional to the total apparent power.

A digital-to-frequency converter (DFC) is used to generate the
pulse output from the total apparent power. The TERMSEL bits
(Bit 2 to Bit 4) of the COMPMODE register can be used to
select which phases to include in the total power calculation.
Setting Bit 2, Bit 3, and Bit 4 includes the input to the AVAHR,
BVAHR, and CVAHR registers in the total apparent power
calculation. A pair of frequency divider registers, namely
VARCFDEN and VARCENUM, can be used to scale the output
frequency of this pin. Note that either VAR or apparent power
can be selected at one time for this frequency output (see the
Reactive Power Frequency Output section).

Line Cycle Apparent Energy Accumulation Mode

The line cycle apparent energy accumulation mode is activated
by setting the LVA bit (Bit 2) in the LCYCMODE register. The
total apparent energy accumulated over an integer number of
zero crossings is written to the VA-hr accumulation registers
after the LINECYC number of zero crossings is detected. The
operation of this mode is similar to watt-hr accumulation (see
the Line Cycle Active Energy Accumulation Mode section).
When using the line cycle accumulation mode, the RSTREAD
bit (Bit 6) of the LCYCMODE register should be set to Logic 0.

Note that this mode is especially useful when the user chooses
to perform the apparent energy calculation using the vectorial
method.

By setting LWATT and LVAR bits (Bit 0 and Bit 1) of the
LCYCMODE register, the active and reactive energies are
accumulated over the same period. Therefore, the MCU can
perform the squaring of the two terms and then take the square

root of their sum to determine the apparent energy over the
same period.

ENERGY REGISTERS SCALING

The ADE7758 provides measurements of active, reactive, and
apparent energies that use separate signal paths and filtering for
calculation. The differences in the datapaths can result in small
differences in LSB weight between the active, reactive, and
apparent energy registers. These measurements are internally
compensated so that the scaling is nearly one to one. The
relationship between the registers is shown in Table 15.

Table 15. Energy Registers Scaling

Frequency
60 Hz 50 Hz

Integrator Off

VAR 1.004 x WATT 1.0054 x WATT

VA 1.00058 x WATT 1.0085 x WATT
Integrator On

VAR 1.0059 x WATT 1.0064 x WATT

VA 1.00058 x WATT 1.00845 x WATT
WAVEFORM SAMPLING MODE

The waveform samples of the current and voltage waveform, as
well as the active, reactive, and apparent power multiplier out-
puts, can all be routed to the WAVEFORM register by setting
the WAVSEL(2:0] bits (Bit 2 to Bit 4) in the WAVMODE
register. The phase in which the samples are routed is set by
setting the PHSEL[1:0] bits (Bit 0 and Bit 1) in the WAVMODE
register. All energy calculation remains uninterrupted during
waveform sampling. Four output sample rates can be chosen by
using Bit 5 and Bit 6 of the WAVMODE register (DTRT[1:0]).
The output sample rate can be 26.04 kSPS, 13.02 kSPS,

6.51 kSPS, or 3.25 kSPS (see Table 20).

By setting the WFSM bit in the interrupt mask register to
Logic 1, the interrupt request output IRQ goes active low when
a sample is available. The 24-bit waveform samples are
transferred from the ADE7758 one byte (8 bits) at a time, with
the most significant byte shifted out first.

The interrupt request output IRQ stays low until the interrupt
routine reads the reset status register (see the Interrupts section).
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CALIBRATION

A reference meter or an accurate source is required to calibrate
the ADE7758 energy meter. When using a reference meter, the
ADE?7758 calibration output frequencies APCF and VARCEF are
adjusted to match the frequency output of the reference meter
under the same load conditions. Each phase must be calibrated
separately in this case. When using an accurate source for
calibration, one can take advantage of the line cycle accumulation
mode and calibrate the three phases simultaneously.

There are two objectives in calibrating the meter: to establish
the correct impulses/kW-hr constant on the pulse output and to
obtain a constant that relates the LSBs in the energy and rms
registers to Watt/VA/VAR hours, amps, or volts. Additionally,
calibration compensates for part-to-part variation in the meter
design as well as phase shifts and offsets due to the current
sensor and/or input networks.

Calibration Using Pulse Output

The ADE7758 provides a pulsed output proportional to the
active power accumulated by all three phases, called APCE.
Additionally, the VARCEF output is proportional to either the
reactive energy or apparent energy accumulated by all three
phases. The following section describes how to calibrate the
gain, offset, and phase angle using the pulsed output information.
The equations are based on the pulse output from the ADE7758
(APCEF or VARCF) and the pulse output of the reference meter

or CFexpecrep.

Figure 77 shows a flowchart of how to calibrate the ADE7758
using the pulse output. Because the pulse outputs are proportional
to the total energy in all three phases, each phase must be calibrated
individually. Writing to the registers is fast to reconfigure the part
for calibrating a different phase; therefore, Figure 77 shows a
method that calibrates all phases at a given test condition before
changing the test condition.
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Figure 77. Calibration Using Pulse Output

Gain Calibration Using Pulse Output

Gain calibration is used for meter-to-meter gain adjustment,
APCF or VARCF output rate calibration, and determining the
Wh/LSB, VARh/LSB, and VAh/LSB constant. The registers used
for watt gain calibration are APCENUM (0x45), APCFDEN
(0x46), and xWG (0x2A to 0x2C). Equation 50 through
Equation 52 show how these registers affect the Wh/LSB
constant and the APCF pulses.
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04443-076

For calibrating VAR gain, the registers in Equation 50 through
Equation 52 should be replaced by VARCFNUM (0x47),
VARCFDEN (0x48), and xVARG (0x2D to 0x2F). For VAGAIN,
they should be replaced by VARCFNUM (0x47), VARCFDEN
(0x48), and xVAG (0x30 to 0x32).

Figure 78 shows the steps for gain calibration of watts, VA, or
VAR using the pulse outputs.
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Figure 78. Gain Calibration Using Pulse Output

Step 1: Enable the pulse output by setting Bit 2 of the OPMODE
register (0x13) to Logic 0. This bit enables both the APCF and
VARCEF pulses.

Step la: VAR and VA share the VARCF pulse output.
WAVMODE][7], Address (0x15), should be set to choose
between VAR or VA pulses on the output. Setting the bit to
Logic 1 selects VA. The default is Logic 0 or VARCEF pulse
output.

Step 2: Ensure the xXWG/xVARG/xVAG are zero.

Step 3: Disable the Phase B and Phase C contribution to the APCF
and VARCEF pulses. This is done by the TERMSEL[2:4] bits of

the COMPMODE register (0x16). Setting Bit 2 to Logic 1 and
Bit 3 and Bit 4 to Logic 0 allows only Phase A to be included in
the pulse outputs. Select Phase A, Phase B, or Phase C for a line
period measurement with the FREQSEL[1:0] bits in the MMODE
register (0x14). For example, clearing Bit 1 and Bit 0 selects
Phase A for line period measurement.
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Step 4: Set APCENUM (0x45) and APCFDEN (0x46) to the
calculated value to perform a coarse adjustment on the
imp/kWh ratio. For VAR/VA calibration, set VARCFNUM
(0x47) and VARCFDEN (0x48) to the calculated value.

The pulse output frequency with one phase at full-scale inputs
is approximately 16 kHz. A sample set of meters could be tested
to find a more exact value of the pulse output at full scale in the
user application.

To calculate the values for APCFNUM/APCFDEN and
VARCFNUM/VARCEFDEN, use the following formulas:

Vv, I
APCF, oy =16 kHz x —NOM__ » TEST__ (45)
FULLSCALE IFULLSCALE
MCxI xV.
APCF, = TEST ~NOM o cos(0 46
EXPECTED 1000 x 3600 ( ) ( )

APCF,

APCFDEN = INT[MJ (47)
APCFEXPECTED

where:

MC is the meter constant.

Irgst is the test current.

Vnou is the nominal voltage at which the meter is tested.
Vrvrrscars and Iruriscace are the values of current and voltage,
which correspond to the full-scale ADC inputs of the ADE7758.
0 is the angle between the current and the voltage channel.
APCFexpecrep is equivalent to the reference meter output under
the test conditions.

APCFNUM is written to 0 or 1.

The equations for calculating the VARCFNUM and
VARCEFDEN during VAR calibration are similar:
MCx Tpper X Vyon

VARCF,yppcren = 000 <3600 sin(0) (48)

Because the APCFDEN and VARCFDEN values can be
calculated from the meter design, these values can be written
to the part automatically during production calibration.

Step 5: Set the test system for Itest, Vom, and the unity power
factor. For VAR calibration, the power factor should be set to 0
inductive in this step. For watt and VA, the unity power factor
should be used. VAGAIN can be calibrated at the same time as
WGAIN because VAGAIN can be calibrated at the unity power
factor, and both pulse outputs can be measured simultaneously.
However, when calibrating VAGAIN at the same time as WGAIN,
the rms offsets should be calibrated first (see the Calibration of
IRMS and VRMS Offset section).

Step 6: Measure the percent error in the pulse output, APCF
and/or VARCE, from the reference meter:

APCF - CFy,

%Error = x 100% (49)

F REF

where CFrer = APCFexpecrep = the pulse output of the reference
meter.

Step 7: Calculate xWG adjustment. One LSB change in xWG
(12 bits) changes the WATTHR register by 0.0244% and
therefore APCF by 0.0244%. The same relationship holds true
for VARCE

APCFEyypperpp =
APCENUM][11:0] xWG][11: 0]\ (50)
APCEoumar > APCFDEN[11:0] * (1 2"
0,
*WG=— Error. (51)
0.0244%

When APCEF is calibrated, the X\WATTHR registers have the
same Wh/LSB from meter to meter if the meter constant and
the APCFNUM/APCFDEN ratio remain the same. The
Wh/LSB constant is

Wh 1
LB, , MC _APCFDEN 1
1000 ~ APCENUM ~ WDIV

Return to Step 2 to calibrate Phase B and Phase C gain.

(52)

Example: Watt Gain Calibration of Phase A Using Pulse
Output

For this example, Itest = 10 A, Vom = 220 V, Vruwscate = 500 V,
Irurscate = 130 A, MC = 3200 impulses/kWh, Power Factor = 1,
and Frequency = 50 Hz.

Clear APCFNUM (0x45) and write the calculated value to
APCFDEN (0x46) to perform a coarse adjustment on the
imp/kWh ratio, using Equation 45 through Equation 47.

220 10

APCF, =16 kHzx—x—=0.542 kHz
500 130

NOMINAL

3200 x10x 220

APCFyxppcrep = 1000 x 3600

x cos(0)=1.9556 Hz

542 Hz
APCFDEN = INT| —
1.9556 Hz

With Phase A contributing to CF, at Irest, Vnom, and the unity
power factor, the example ADE7758 meter shows 2.058 Hz on
the pulse output. This is equivalent to a 5.26% error from the
reference meter value using Equation 49.

2.058 Hz -1.9556 Hz

%Error = L9556 1 x100% =5.26%
. Z

The AWG value is calculated to be —216 d using Equation 51,
which means the value 0xF28 should be written to AWG.

5.26%

AWG=-—2202_
0.0244%

=-215.5=-216=0xF28
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PHASE CALIBRATION USING PULSE OUTPUT

The ADE7758 includes a phase calibration register on each phase
to compensate for small phase errors. Large phase errors should
be compensated by adjusting the antialiasing filters. The ADE7758
phase calibration is a time delay with different weights in the
positive and negative direction (see the Phase Compensation
section). Because a current transformer is a source of phase error,
a fixed nominal value can be decided on to load into the xPHCAL
registers at power-up. During calibration, this value can be adjusted
for CT-to-CT error. Figure 79 shows the steps involved in
calibrating the phase using the pulse output.

ALL
PHASES
PHASE ERROR
CALIBRATED?,
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(sTEP 1) Y

END SET UP PULSE
OUTPUT FOR
PHASEA,B,ORC
AND ENABLE CF
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Figure 79. Phase Calibration Using Pulse Output

Step 1: Step 1 and Step 3 from the gain calibration should be
repeated to configure the ADE7758 pulse output. Ensure the
xPHCAL registers are zero.

Step 2: Set the test system for Irest, Vvom, and 0.5 power factor
inductive.

Step 3: Measure the percent error in the pulse output, APCE,
from the reference meter using Equation 49.

Step 4: Calculate the Phase Error in degrees by

(53)

0,
Phase Error(°) = - Arcsin( eError j

100% x /3

Step 5: Calculate xPHCAL.
xPHCAL =

1 1 L)

Phase Error x —— X — -
PHCAL _LSB_Weight LinePeriod(s) 360°

where PHCAL_LSB_Weight is 1.2 ps if the %Error is negative or
2.4 ps if the %Error is positive (see the Phase Compensation
section).

If it is not known, the line period is available in the ADE7758
frequency register, FREQ (0x10). To configure line period
measurement, select the phase for period measurement in the
MMODE]1:0] and set LCYCMODE][7]. Equation 55 shows how
to determine the value that needs to be written to xPHCAL
using the period register measurement.

xPHCAL =

9.6 us  FREQ11:0] (55)
PHCAL_LSB_Weight 360°

Phase Error x

Example: Phase Calibration of Phase A Using Pulse Output

For this example, Itest = 10 A, Vom = 220 V, Vruwscate = 500 V,
Iruiiscate = 130 A, MC = 3200 impulses/kWh, power factor = 0.5
inductive, and frequency = 50 Hz.

With Phase A contributing to CF, at Iresr, Vnom, and 0.5
inductive power factor, the example ADE7758 meter shows
0.9668 Hz on the pulse output. This is equivalent to —1.122%
error from the reference meter value using Equation 49.

The Phase Error in degrees using Equation 53 is 0.3713°.

-1.122%
100% x /3

If at 50 Hz the FREQ register = 2083d, the value that should be
written to APHCAL is 17d, or 0x11 using Equation 55. Note
that a PHCAL_LSB_Weight of 1.2 ps is used because the
%Error is negative.

Phase Error(°)=- Arcsin( j =0.3713°

9.6 us , 2083
1.2us  360°

APHCAL=0.3713°x =17.19=17 =0x11

Power Offset Calibration Using Pulse Output

Power offset calibration should be used for outstanding
performance over a wide dynamic range (1000:1). Calibration
of the power offset is done at or close to the minimum current
where the desired accuracy is required.

The ADE7758 has power offset registers for watts and VAR
(xWATTOS and xVAROS). Offsets in the VA measurement are
compensated by adjusting the rms offset registers (see the
Calibration of IRMS and VRMS Offset section). Figure 80
shows the steps to calibrate the power offsets using the pulse
outputs.
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Figure 80. Offset Calibration Using Pulse Output

Step 1: Repeat Step 1 and Step 3 from the gain calibration to
configure the ADE7758 pulse output.

Step 2: Clear the xWATTOS and xVAROS registers.

Step3: Disable the Phase B and Phase C contribution to the APCF
and VARCEF pulses. This is done by the TERMSEL[2:4] bits of
the COMPMODE register (0x16). Setting Bit 2 to Logic 1 and
Bit 3 and Bit 4 to Logic 0 allows only Phase A to be included in
the pulse outputs. Select Phase A, Phase B, or Phase C for a line
period measurement with the FREQSEL([1:0] bits in the MMODE
register (0x14). For example, clearing Bit 1 and Bit 0 selects
Phase A for line period measurement.

Step 4: Set the test system for I, Vvowm, and unity power factor.
For Step 6, set the test system for I, Vom, and zero-power
factor inductive.

Step 5: Measure the percent error in the pulse output, APCF or
VARCE, from the reference meter using Equation 49.

Step 6: Calculate xWATTOS using Equation 56 (for xVAROS
use Equation 57).

xWATTOS =

_(%APCFERROR (56)

2*  APCFDEN

XX —
Q APCFNUM

100% X APCFyyppcrpp j

Rev. E | Page 47 of 72



http://www.analog.com/ADE7758

ADE7738

xVAROS =

%VARCF, 30
_( 100%
VARCFDEN
VARCFNUM

where Q is defined in Equation 58 and Equation 59.
For xWATTOS,

4

2
x VARCF, EXPECTED) x EX (57)

CLKIN 1 1
= X—=X— 58
Q 2 PYeiab (58)
For xVAROS,
CLKIN 1 202 1
e X x— 59
Q=— "7 X(FREQ[II:O])Xz; (59)
4

where the FREQ (0x10) register is configured for line period
measurements.

Step 7: Repeat Step 3 to Step 6 for xVAROS calibration.
Example: Offset Calibration of Phase A Using Pulse Output

For this example, Imix = 50 mA, Viom = 220 V, Veuiscate =
500 V, Iruriscate = 130 A, MC = 3200 impulses/kWh, Power
Factor = 1, Frequency = 50 Hz, and CLKIN = 10 MHz.

With Imiv, Viowm, and unity power factor, the example ADE7758
meter shows 0.009789 Hz on the APCF pulse output. When the
power factor is changed to 0.5 inductive, the VARCF output is
0.009769 Hz.

This is equivalent to 0.1198% for the watt measurement and
—0.0860% for the VAR measurement. Using Equation 56
through Equation 59, the values 0xFFD and 0x3 should be
written to AWATTOS (0x39) and AVAROS (0x3C), respectively.

AWATTOS =
o 4
_(0.119:% X0.009778)X 2 2T ) 8—_3—=0xFFD
~100% 001863 1
AVAROS= —(Mx 0.009778) x—2 2T
0% 001444 1

For AWATTOS,
10E6 1 1
=—x——x—=0.01863
Q 4 2% 4
For AVAROS,
Q:10E6 1 202 120.01444

1 7 (2083
4
Calibration Using Line Accumulation

Line cycle accumulation mode configures the nine energy
registers such that the amount of energy accumulated over an
integer number of half line cycles appears in the registers after
the LENERGY interrupt. The benefit of using this mode is that
the sinusoidal component of the active energy is eliminated.

Figure 81 shows a flowchart of how to calibrate the ADE7758
using the line accumulation mode. Calibration of all phases and
energies can be done simultaneously using this mode to save
time during calibration.

START
CAL IRMS OFFSET

CAL VRMS OFFSET

CAL WATT AND VA
GAIN ALL PHASES

i

CAL VAR GAIN ALL
PHASES @ PF =0,
INDUCTIVE

1

CALIBRATE PHASE
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@ PF=0.5,
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1

CALIBRATE ALL
PHASES WATT
OFFSET @ lyyy AND
PF=1

1

CALIBRATE ALL
PHASES VAR
OFFSETS @ Iyin
AND PF =0,
INDUCTIVE

'

Figure 81. Calibration Using Line Accumulation

04443-080
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Gain Calibration Using Line Accumulation

Gain calibration is used for meter-to-meter gain adjustment,
APCF or VARCF output rate calibration, and determining the
Wh/LSB, VARh/LSB, and VAh/LSB constant.

Step 0: Before performing the gain calibration, the APCFNUM/
APCFDEN (0x45/0x46) and VARCFNUM/ VARCFDEN
(0x47/0x48) values can be set to achieve the correct impulses/kWh,
impulses/kVAh, or impulses/kVARh using the same method
outlined in Step 4 in the Gain Calibration Using Pulse Output
section. The calibration of xWG/xVARG/xVAG (0x2A through
0x32) is done with the line accumulation mode. Figure 82 shows
the steps involved in calibrating the gain registers using the line
accumulation mode.

Step 1: Clear xXWG, xVARG, and xVAG.

Step 2: Select Phase A, Phase B, or Phase C for a line period
measurement with the FREQSEL[1:0] bits in the MMODE

register (0x14). For example, clearing Bit 1 and Bit 0 selects
Phase A for line period measurement.

Step 3: Set up ADE7758 for line accumulation by writing 0xBF
to LCYCMODE. This enables the line accumulation mode on
the x\WATTHR, xVARHR, and xVAHR (0x01 to 0x09) registers
by setting the LWATT, LVAR, and LVA bits, LCYCMODE|0:2]
(0x17), to Logic 1. It also sets the ZXSEL bits, LCYCMODE]3:5],

to Logic 1 to enable the zero-crossing detection on all phases
for line accumulation. Additionally, the FREQSEL bit,
LCYCMODE][7], is set so that FREQ (0x10) stores the line
period. When using the line accumulation mode, the RSTREAD
bit of LCYCMODE should be set to 0 to disable the read with
reset mode. Select the phase for line period measurement in
MMODE][1:0].

Step 4: Set the number of half-line cycles for line accumulation
by writing to LINECYC (0x1C).

(STEP 0\
SET
APCFNUM/APCFDEN
AND
VARCFNUM/VARCFDEN (STEP3) ¥
SET LYCMODE
STEP 1) ¥ REGISTER
CLEAR
xWG/xVAR/xVAG STEP 4\
SET ACCUMULATION
STEP 2\ ¥ TIME (LINECYC)
SELECT PHASE
FOR LINE PERIOD
MEASUREMENT STEP5) |
SET MASK FOR
LENERGY INTERRUPT
CONFIGURE
FREQ[11:0] FOR A STEP 6) ¥ ( \
LINE PERIOD STEP 11
MEASUREMENT SET UP SYSTEM FOR CALIBRATE WATT SET UP TEST
IresT: Voms PF =1 AND VA @ PF = 1 SYSTEM FOR
> ltesT: Vnom:
PF =0, INDUCTIVE
STEP 12) ¥
FREQUENCY RESET STATUS
KNOWN? REGISTER
STEP8\ ¥
RESET STATUS | STEP 13)) Y
REGISTER READ ALL xVARHR
AFTER LENERGY
( ) INTERRUPT
STERIT ¥ R?E:EDPAQLL 'WATTHR
X
READ FREQ[11:0] AND xVAHR AFTER
REGISTER LENERGY
INTERRUPT CALCULATE xVARG
(STEP 9A) ¥ STEP 13
CALCULATE xWG | WRITE TO xVARG
(STEP 9B) Y (STEP 16) |
CALCULATE xVAG | CALCULATE
Wh/LSB, VAh/LSB,
VARW/LSB

(STEP 10\ ¥

WRITE TO XWG AND
‘ XVAG

04443-081

'

Figure 82. Gain Calibration Using Line Accumulation
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Step 5: Set the LENERGY bit, MASK[12] (0x18), to Logic 1
to enable the interrupt signaling the end of the line cycle
accumulation.

Step 6: Set the test system for Itest, Vvom, and unity power factor
(calibrate watt and VA simultaneously and first).

Step 7: Read the FREQ (0x10) register if the line frequency is
unknown.

Step 8: Reset the interrupt status register by reading
RSTATUS (0x1A).

Step 9: Read all six xWATTHR (0x01 to 0x03) and xVAHR
(0x07 to 0x09) energy registers after the LENERGY interrupt
and store the values.

Step 9a: Calculate the values to be written to xXWG registers
according to the following equations:

WATTHR ey, =
4x MC x I ey X Vyop % cos(0)x AccumTime y (60)
1000 x 3600
APCFDEN » 1
APCFNUM WDIV
where AccumTime is
LINECY([15:0] (61)

2x Line Frequencyx No.of Phases Selected

where:
MC is the meter constant.
0 is the angle between the current and voltage.

Line Frequency is known or calculated from the FREQ[11:0]
register. With the FREQ[11:0] register configured for line period
measurements, the line frequency is calculated with Equation 62.

1
FREQ[11:0]x9.6x10®

No. of Phases Selected is the number of ZXSEL bits set to Logic 1
in LCYCMODE (0x17).

Then, xWG is calculated as

xWG = ( WA TTHREXPECTED _ IJ %212 (63)

Line Frequency= (62)

WATTHR MEASURED

Step 9b: Calculate the values to be written to the xVAG registers
according to the following equation:

VAHR pyppeorep =
4 X MC X Ipyop X Vyou X AccumTime ~ VARCFDEN 1
X X
1000 x 3600 VARCFNUM VADIV
(64)

xVAG = ( VAHREXPECTED _ 1J x 212
VAHRMEASURED

Step 10: Write to xWG and xVAG.

Step 11: Set the test system for Iresr, Vvom, and zero power
factor inductive to calibrate VAR gain.

Step 12: Repeat Step 7.

Step 13: Read the xVARHR (0x04 to 0x06) after the LENERGY
interrupt and store the values.

Step 14: Calculate the values to be written to the xVARG
registers (to adjust VARCEF to the expected value).
VARHRgxppcrp =
4x MC x Lpgp % Vyop % sin(0)x AccumTime N
1000 x 3600
VARCFDEN y 1
VARCFNUM VARDIV

(65)

xVARG = ( VARHREXPECTED _ IJ x 212

VARHRMEASURED

Step 15: Write to xVARG.

Step 16: Calculate the Wh/LSB, VARh/LSB, and VAh/LSB
constants.

Wh L % Vyou % €0s(0)x AccumTime

= (66)
LSB 3600 x xWATTHR
VAh  Ipggr X Vyou X AccumTime 67)
LSB 3600 x xVAHR
VARh  Ippgp X Vyoy X sin(0)x AccumTime (68)

LSB 3600 x xVARHR

Example: Watt Gain Calibration Using Line Accumulation

This example shows only Phase A watt calibration. The steps
outlined in the Gain Calibration Using Line Accumulation
section show how to calibrate watt, VA, and VAR. All three
phases can be calibrated simultaneously because there are nine
energy registers.

For this example, Irest = 10 A, Vnom = 220 V, Power Factor = 1,
Frequency = 50 Hz, LINECYC (0x1C) is set to 0x800, and MC =
3200 imp/kWhr.
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To set APCFNUM (0x45) and APCFDEN (0x46) to the
calculated value to perform a coarse adjustment on the
imp/kW-hr ratio, use Equation 45 to Equation 47.

220 10
APCF, =16 kHz x ——x——=0.5415 kHz
NOMINAL 500 130

3200 x10x220
1000 x 3600

APCE,

EXPECTED —

x cos(0)=1.956 Hz

541.5Hz
APCFDEN =INT| ——
1 Hz

Under the test conditions above, the AWATTHR register value
is 15559d after the LENERGY interrupt. Using Equation 60 and
Equation 61, the value to be written to AWG is —199d, 0xF39.

LINECYC[15:0]

AccumTime = i

2% :
FREQ[11:0]%x9.6x10"

x No. of Phases Selected

AccumTime = OX?OO =6.832128s
2X X3
2085x9.6x10
WA TTHREXPECTED =
4x3200x10%x220x1x6.832 277
x ——x1=14804

1000 x 3600 1

14804
xWG = (——1)x212 =-198.87640 =-199 = 0xF39

15559

Using Equation 66, the Wh/LSB constant is
Wh  10x220%6.832
LSB  3600x 14804

=0.0002820

Phase Calibration Using Line Accumulation

The ADE7758 includes a phase calibration register on each
phase to compensate for small phase errors. Large phase errors
should be compensated by adjusting the antialiasing filters. The
ADE7758 phase calibration is a time delay with different weights
in the positive and negative direction (see the Phase
Compensation section). Because a current transformer is a
source of phase error, a fixed nominal value can be decided on to
load into the xPHCAL (0x3F to 0x41) registers at power-up.
During calibration, this value can be adjusted for CT-to-CT
error. Figure 83 shows the steps involved in calibrating the
phase using the line accumulation mode.

( STEP 1)

SET LCYCMODE,
LINECYC AND MASK
REGISTERS

[STEP2\ ¥

SET UP SYSTEM FOR
ltest; Vnom, PF = 0.5,
INDUCTIVE

[ STEP3\ ¥

RESET STATUS
REGISTER

(STEP4\ Y

READ ALL xXWATTHR
REGISTERS AFTER
LENERGY
INTERRUPT

STEP5)\ ¥
CALCULATE PHASE

ERROR IN DEGREES
FORALL PHASES

(sTEP6) Y

CALCULATE AND
WRITE TO ALL
XPHCAL REGISTERS

04443-082

Figure 83. Phase Calibration Using Line Accumulation

Step 1: If the values were changed after gain calibration, Step 1,
Step 3, and Step 4 from the gain calibration should be repeated
to configure the LCYCMODE and LINECYC registers.

Step 2: Set the test system for Itest, Vom, and 0.5 power factor
inductive.

Step 3: Reset the interrupt status register by reading RSTATUS
(0x1A).

Step 4: The xXWATTHR registers should be read after the
LENERGY interrupt. Measure the percent error in the energy
register readings (AWATTHR, BWATTHR, and CWATTHR)
compared to the energy register readings at unity power factor
(after gain calibration) using Equation 69. The readings at unity
power factor should have been repeated after the gain calibration
and stored for use in the phase calibration routine.
xWATTHR,;_,

XWATTHR,_  -——

Error= 2 (69)

XWATTHR,;_,
2

Step 5: Calculate the Phase Error in degrees using the equation

(70)

E
Phase Error(°) = —Arcsin( rrorj

V3
Step 6: Calculate xPHCAL and write to the xPHCAL registers
(0x3F to 0x41).
xPHCAL =

1 5 1 L1 oy
PHCAL_LSB_Weight LinePeriod(s) 360°

Phase Error x

where PHCAL_LSB_Weight is 1.2 ys if the %Error is negative
or 2.4 ps if the %Error is positive (see the Phase Compensation
section).
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If it is not known, the line period is available in the ADE7758 14804d in the AWATTHR register. This is equivalent to
frequency register, FREQ (0x10). To configure line period -1.132% error.
measurement, select the phase for period measurement in the 14804
MMODE[1:0] and set LCYCMODE][7]. Equation 72 shows how 7318 - 2
—_ & — — 0,

to determine the value that needs to be written to xPHCAL Error =—7g54 — = ~0.01132=-1.132%
using the period register measurement. 2

xPHCAL = The Phase Error in degrees using Equation 66 is 0.374°.

9.6 us FREQ[11:0]  (72)
—0.01132

Phase Errorx PHCAL LSB Welght x 360° Phase ETT’O?’(O) = —Af'CSil'l[—‘\/g j =0.374°
Example: Phase Calibration Using Line Accumulation Using Equation 72, the value written to APHCAL (0x3F), if at
This example shows only Phase A phase calibration. All three 50 Hz, the FREQ (0x10) register = 2085d, is 17d. Note that a
PHCAL registers can be calibrated simultaneously using the PHCAL_LSB_Weight of 1.2 ps is used because the %Error is
same method. negative.
For this example, Irest = 10 A, Vnom = 220 V, power factor = 0.5 APHCAL = 0.374° x 9.6 % 2085 _ 17 =0x11
inductive, and frequency = 50 Hz. Also, LINECYC = 0x800. 1.2 360

With Irest, Vvom, and 0.5 inductive power factor, the example
ADE7758 meter shows 7318d in the AWATTHR (0x01) register.
For unity power factor (after gain calibration), the meter shows

( STEP 1)

SET MMODE,
LCYCMODE,
LINECYC AND
MASK REGISTERS

STEP 2\ Y

SET UP SYSTEM

FOR Iyin, VNom
@PF =1

STEP3)\ ¥

RESET STATUS
REGISTER

STEP4\ ¥

READ ALL
xWATTHR
REGISTERS AFTER
LENERGY
INTERRUPT

FOR STEP 8

READ ALL xVARHR
AFTER LENERGY
INTERRUPT

STEP5)\ ¥

CALCULATE } FOR STEP 8, CALCULATE

AT Sea W ALL | > XVAROS FOR ALL PHASES

STEP 6) ¥
WRITE TO ALL }

FOR STEP 8, WRITE TO

XWATTOS ALL xVAROS REGISTERS

REGISTERS

STEP7\ Y
SET UP SYSTEM

FOR Itest, VNOm @
PF =0, INDUCTIVE

STEP 8\Y
REPEAT STEP 3 TO

STEP 8 FOR
XVARHR, XVAROS >

CALIBRATION

04443-083

Figure 84. Power Offset Calibration Using Line Accumulation
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Power Offset Calibration Using Line Accumulation

Power offset calibration should be used for outstanding
performance over a wide dynamic range (1000:1). Calibration
of the power offset is done at or close to the minimum current.
The ADE7758 has power offset registers for watts and VAR,
XWATTOS (0x39 to 0x3B) and xVAROS (0x3C to 0x3E). Offsets in
the VA measurement are compensated by adjusting the rms offset
registers (see the Calibration of IRMS and VRMS Offset section).

More line cycles could be required at the minimum current to
minimize the effect of quantization error on the offset
calibration. For example, if a current of 40 mA results in an
active energy accumulation of 113 after 2000 half line cycles,
one LSB variation in this reading represents an 0.8% error. This
measurement does not provide enough resolution to calibrate
out a <1% offset error. However, if the active energy is
accumulated over 37,500 half line cycles, one LSB variation
results in 0.05% error, reducing the quantization error.

Figure 84 shows the steps to calibrate the power offsets using
the line accumulation mode.

Step 1: If the values change after gain calibration, Step 1, Step 3,
and Step 4 from the gain calibration should be repeated to
configure the LCYCMODE, LINECYC, and MASK registers.
Select Phase A, Phase B, or Phase C for a line period measure-
ment with the FREQSEL[1:0] bits in the MMODE register (0x14).
For example, clearing Bit 1 and Bit 0 selects Phase A for line
period measurement.

Step 2: Set the test system for Iy, Vom, and unity power factor.
Step 3: Reset the interrupt status register by reading RSTATUS
(0x1A).

Step 4: Read all XWATTHR energy registers (0x01 to 0x03) after
the LENERGY interrupt and store the values.

Step 4a: If it is not known, the line period is available in the
ADE?7758 frequency register, FREQ (0x10). To configure line
period measurement, select the phase for period measurement
in the MMODE[1:0] and set LCYCMODE][7].

Step 5: Calculate the value to be written to the xXWATTOS
registers according to the following equations:

Offset =
LINECY(
xWATTHR, x Lo —| xXWATTHR, XM x Iyn
i 75" LINECYC sy
IMIN - ITEST
(73)

Offset x 4

xWATTOS[11:0]= ﬁ x2% (74)
AccumTimex CLKIN

where:

AccumTime is defined in Equation 61.
xWATTHR,___ isthe value in the energy register at Itesr.
TEST

xWATTHR,  isthe value in the energy register at Ivm.

LINECYCn is the number of line cycles accumulated at Inu.
LINECYCuyax is the number of line cycles accumulated at Inax.

Step 6: Write to all xWATTOS registers (0x39 to 0x3B).

Step 7: Set the test system for Inm, Vvom, and zero power factor
inductive to calibrate VAR gain.

Step 8: Repeat Steps 3, 4, and 5.

Step 9: Calculate the value written to the xVAROS registers
according to the following equations:

Offset =

XVARHR, % Lo - (xVARHR

LINECYC,,;y
) 777 ZIMIN |y IMIN
TEST L[NECYCITEST

IMIN - ITEST
(75)

Offset x 4  FREQI11:0]

xVAROS[11:0]=
AccumTime x CLKIN 202

x 2% (76)

where the FREQ[11:0] register is configured for line period
readings.

Example: Power Offset Calibration Using Line Accumulation

This example only shows Phase A of the phase active power
offset calibration. Both active and reactive power offset for
all phases can be calibrated simultaneously using the method
explained in the Power Offset Calibration Using Line
Accumulation section.

For this example, Inixy = 50 mA, Irest = 10 A, Viom =220V,
Vrvuscate = 500 V, Truiiscate = 130 A, MC = 3200 impulses/kWh,
Power Factor = 1, Frequency = 50 Hz, and CLKIN = 10 MHz.
Also, LINECYCirest = 0x800 and LINECYCivin = 0x4000.

After accumulating over 0x800 line cycles for gain calibration at
Itest, the example ADE7758 meter shows 14804d in the
AWATTHR (0x01) register. At Imm, the meter shows 592d in the
AWATTHR register. By using Equation 73, this is equivalent to
0.161 LSBs of offset; therefore, using Equation 61 and Equation 74,
the value written to AWATTOS is 0d.

Offset =
592x 10 - [14804  0x4000 J x 0.05
0x800 o6
0.05-10
AccumTime = 0> 4000 =54.64s

ZX;()XZ&
2085%9.6x10"
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0.161x 4
54.64 x 10 MHz

Calibration of IRMS and VRMS Offset

IRMSOS and VRMSOS are used to cancel noise and offset
contributions from the inputs. The calibration method is the
same whether calibrating using the pulse outputs or line
accumulation. Reading the registers is required for this
calibration because there is no rms pulse output. The rms offset
calibration should be performed before VAGAIN calibration.
The rms offset calibration also removes offset from the VA
calculation. For this reason, no VA offset register exists in the
ADE7758.

AWATTOS = x2% =-0.088=0

('START)
(STEP 1\ ¥

SET
CONFIGURATION
REGISTERS FOR
ZERO CROSSING
ON ALL PHASES

[STEP 2\ ¥

SET INTERRUPT
MASK FOR
ZERO CROSSING
ON ALL PHASES

TESTED
ALL
CONDITIONS?

Y

SET UP
SYSTEM FOR
lesT: Vnom

SET UP SYSTEM
FOR gy scaLe/500,
VFuLLscaLE/20

[ STEP 5\ Y

(STEP 4\ Y

WRITE TO
xVRMSOS READ RMS
xIRMSOS REGISTERS

=

.

(STEP 4D

The low-pass filter used to obtain the rms measurements is not
ideal; therefore, it is recommended to synchronize the readings
with the zero crossings of the voltage waveform and to average a
few measurements when reading the rms registers.

The ADE7758 IRMS measurement is linear over a 500:1 range,
and the VRMS measurement is linear over a 20:1 range. To
measure the voltage VRMS offset (xVRMSOS), measure rms
values at two different nonzero current levels, for example,
Vom and Veurscare/20.

To measure the current rms offset IRMSOS), measure rms
values at two different nonzero current levels, for example, Iresr
and Truriscare/500. This translates to two test conditions: Irgst
and Vrowm, and Irurrscare/500 and Vrurrscars/20. Figure 85 shows
a flowchart for calibrating the rms measurements.

(STEP 4R\
CHOOSE N
n=0
Y
NO / np \ YES
¥ " STEP 4E) ¥
_ CALCULATE THE
n=n+1 AVERAGE OF N
SAMPLES

(STEP 4B\

RESET INTERRUPT
STATUS REGISTER

READ
xIRMS
xVRMS

04443-084

Figure 85. RMS Calibration Routine
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Step 1: Set configuration registers for zero crossings on all
phases by writing the value 0x38 to the LCYCMODE register
(0x17). This sets all of the ZXSEL bits to Logic 1.

Step 2: Set the interrupt mask register for zero-crossing
detection on all phases by writing 0xE00 to the MASK[0:24]
register (0x18). This sets all of the ZX bits to Logic 1.

Step 3: Set up the calibration system for one of the two test
conditions: Itest and Vnowm, and Iruirscare/500 and Veuriscare/20.

Step 4: Read the rms registers after the zero-crossing interrupt
and take an average of N samples. This is recommended to get
the most stable rms readings. This procedure is detailed in
Figure 85: Steps 4a through 4e.

Step 4a. Choose the number of samples, N, to be averaged.
Step 4b. Reset the interrupt status register by reading RSTATUS
(0x1A).

Step 4c. Wait for the zero-crossing interrupt. When the zero-
crossing interrupt occurs, move to Step 4d.

Step 4d. Read the xIRMS and xVRMS registers. These values
will be averaged in Step 4e.

Step 4e: Average the N samples of xIRMS and xVRMS. The
averaged values will be used in Step 5.

Step 5: Write to the xVRMSOS (0x33 to 0x35) and xIRMSOS
(0x36 to 0x38) registers according to the following equations:

xIRMSOS =
1 y (ITEST2 X IRMSIMINZ)_ (IMIN2 X IRMSITESTZ) (77)
16384 IMINZ - ITESTZ
where:

Ly is the full scale current/500.
Iresr is the test current.

IRMSmiv and IRMSiresr are the current rms register values
without offset correction for the inputs Inuv and Iresr,
respectively.

xVRMSOS =
1 Viou X VRMSypy = Viy X VRMS, o (78)
64 Vi = VNOM

where:

Vi is the full scale voltage/20
Vnou is the nominal line voltage.

VRMSvumv and VRMSvyrow are the voltage rms register values
without offset correction for the input Vi and Vow,
respectively.

Example: Calibration of RMS Offsets

For this example, Itest = 10 A, Inax = 100 A, Vxom =220V,
Vruvuscate = 500 V, Power Factor = 1, and Frequency = 50 Hz.

Twenty readings are taken synchronous to the zero crossings of
all three phases at each current and voltage to determine the
average xIRMS and xVRMS readings. At Iresr and Vow, the
example ADE7758 meter gets an average AIRMS (0x0A)
reading of 148242.2 and 744570.8 in the AVRMS (0x0D)
register. Then the current is set to Inv = Iruriscars/500 or

260 mA. At Iun, the average AIRMS reading is 3885.68. At
Vun = Vruizscare/20 or 25 V, the example meter gets an average
AVRMS of 86362.36. Using this data, —15d is written to
AIRMSOS (0x36) and —31d is written to AVRMSOS (0x33)
registers according to the Equation 77 and Equation 78.

AIRMSOS =

1 (10> x3885.68)- (0.2607 x 148242.2%)
16384 (0.260 - 10)
~14.8=—15=0xFF2

AVRMSOS =

1 (220x86362.36 ) (25 x 744570.8)
—x =—30.9=—-31=0xFE1
64 (25-220)

This example shows the calculations and measurements for
Phase A only. However, all three xIRMS and xVRMS registers
can be read simultaneously to compute the values for each
xIRMSOS and xVRMSOS register.

CHECKSUM REGISTER

The ADE7758 has a checksum register CHKSUM[7:0] (0x7E)
to ensure the data bits received in the last serial read operation
are not corrupted. The 8-bit checksum register is reset before
the first bit (MSB of the register to be read) is put on the DOUT
pin. During a serial read operation, when each data bit becomes
available on the rising edge of SCLK, the bit is added to the
checksum register. In the end of the serial read operation, the
contents of the checksum register are equal to the sum of all the
1s in the register previously read. Using the checksum register, the
user can determine if an error has occurred during the last read
operation. Note that a read to the checksum register also
generates a checksum of the checksum register itself.

O DOUT

CONTENT OF REGISTERS
(N-BYTES)

L CHECKSUM | AppR: 0x7E

REGISTER

04443-085

Figure 86. Checksum Register for Serial Interface Read

INTERRUPTS

The ADE7758 interrupts are managed through the interrupt
status register (STATUS[23:0], Address 0x19) and the interrupt
mask register (MASK[23:0], Address 0x18). When an interrupt
event occurs in the ADE7758, the corresponding flag in the
interrupt status register is set to a Logic 1 (see Table 24). If the
mask bit for this interrupt in the interrupt mask register is
Logic 1, then the TRQ logic output goes active low. The flag bits
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in the interrupt status register are set irrespective of the state of
the mask bits. To determine the source of the interrupt, the
MCU should perform a read from the reset interrupt status
register with reset. This is achieved by carrying out a read from
RSTATUS, Address 0x1A. The IRQ output goes logic high on
completion of the interrupt status register read command (see
the Interrupt Timing section). When carrying out a read with
reset, the ADE7758 is designed to ensure that no interrupt
events are missed. If an interrupt event occurs just as the
interrupt status register is being read, the event is not lost, and
the IRQ logic output is guaranteed to go logic high for the
duration of the interrupt status register data transfer before
going logic low again to indicate the pending interrupt. Note
that the reset interrupt bit in the status register is high for only
one clock cycle, and it then goes back to 0.

USING THE INTERRUPTS WITH AN MCU

Figure 87 shows a timing diagram that illustrates a suggested
implementation of ADE7758 interrupt management using an
MCU. At time t;, the IRQ line goes active low indicating that
one or more interrupt events have occurred in the ADE7758.
The IRQ logic output should be tied to a negative-edge-
triggered external interrupt on the MCU. On detection of the
negative edge, the MCU should be configured to start executing
its interrupt service routine (ISR). On entering the ISR, all
interrupts should be disabled using the global interrupt mask
bit. At this point, the MCU external interrupt flag can be
cleared to capture interrupt events that occur during the current
ISR. When the MCU interrupt flag is cleared, a read from the
reset interrupt status register with reset is carried out. (This
causes the IRQ line to be reset logic high (t.); see the Interrupt
Timing section.) The reset interrupt status register contents are
used to determine the source of the interrupt(s) and hence the
appropriate action to be taken. If a subsequent interrupt event
occurs during the ISR (t3) that event is recorded by the MCU
external interrupt flag being set again.

On returning from the ISR, the global interrupt mask bit is
cleared (same instruction cycle) and the external interrupt flag
uses the MCU to jump to its ISR once again. This ensures that
the MCU does not miss any external interrupts. The reset bit in
the status register is an exception to this and is only high for one
clock cycle after a reset event.

INTERRUPT TIMING

The Serial Interface section should be reviewed before
reviewing this section. As previously described, when the IRQ

output goes low, the MCU ISR must read the interrupt status

register to determine the source of the interrupt. When reading
the interrupt status register contents, the IRQ output is set high
on the last falling edge of SCLK of the first byte transfer (read
interrupt status register command). The IRQ output is held
high until the last bit of the next 8-bit transfer is shifted out
(interrupt status register contents), as shown in Figure 88. If an
interrupt is pending at this time, the IRQ output goes low again.
If no interrupt is pending, the TRQ output remains high.

SERIAL INTERFACE

The ADE7758 has a built-in SPI interface. The serial interface
of the ADE7758 is made of four signals: SCLK, DIN, DOUT,
and CS. The serial clock for a data transfer is applied at the
SCLK logic input. This logic input has a Schmitt trigger input
structure that allows slow rising (and falling) clock edges to be
used. All data transfer operations are synchronized to the serial
clock. Data is shifted into the ADE7758 at the DIN logic input
on the falling edge of SCLK. Data is shifted out of the ADE7758
at the DOUT logic output on a rising edge of SCLK.

The CS logic input is the chip select input. This input is used
when multiple devices share the serial bus. A falling edge on CS

also resets the serial interface and places the ADE7758 in
communications mode.

The CS input should be driven low for the entire data transfer
operation. Bringing CS high during a data transfer operation
aborts the transfer and places the serial bus in a high impedance
state. The CS logic input can be tied low if the ADE7758 is the
only device on the serial bus.

However, with CS tied low, all initiated data transfer operations
must be fully completed. The LSB of each register must be
transferred because there is no other way of bringing the
ADE7758 back into communications mode without resetting
the entire device, that is, performing a software reset using Bit 6
of the OPMODE][7:0] register, Address 0x13.

The functionality of the ADE7758 is accessible via several on-
chip registers (see Figure 89). The contents of these registers can
be updated or read using the on-chip serial interface. After a
falling edge on CS, the ADE7758 is placed in communications
mode. In communications mode, the ADE7758 expects the first
communication to be a write to the internal communications
register. The data written to the communications register
contains the address and specifies the next data transfer to be a
read or a write command. Therefore, all data transfer operations
with the ADE7758, whether a read or a write, must begin with a
write to the communications register.
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Figure 88. ADE7758 Interrupt Timing
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REGISTER On completion of a data transfer (read or write), the ADE7758
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Figure 89. Addressing ADE7758 Registers via the Communications Register

The communications register is an 8-bit, write-only register.
The MSB determines whether the next data transfer operation
is a read or a write. The seven LSBs contain the address of the
register to be accessed (see Table 16).

Figure 90 and Figure 91 show the data transfer sequences for a
read and write operation, respectively.

| 2 [

COMMUNICATIONS REGISTER WRITE »
DIN [ o] ADDRESs | » |
” 2
DoUT {

MULTIBYTE ,, READ DATA
L(¢

|
Figure 90. Reading Data from the ADE7758 via the Serial Interface

SERIAL WRITE OPERATION

The serial write sequence takes place as follows. With the
ADE7758 in communications mode and the CS input logic low,
a write to the communications register takes place first. The
MSB of this byte transfer must be set to 1, indicating that the
next data transfer operation is a write to the register. The seven
LSBs of this byte contain the address of the register to be written
to. The ADE7758 starts shifting in the register data on the next
falling edge of SCLK. All remaining bits of register data are
shifted in on the falling edge of the subsequent SCLK pulses
(see Figure 92).
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As explained earlier, the data write is initiated by a write to the
communications register followed by the data. During a data
write operation to the ADE7758, data is transferred to all on-
chip registers one byte at a time. After a byte is transferred into
the serial port, there is a finite time duration before the content
in the serial port buffer is transferred to one of the ADE7758
on-chip registers. Although another byte transfer to the serial
port can start while the previous byte is being transferred to the
destination register, this second-byte transfer should not finish
until at least 900 ns after the end of the previous byte transfer.
This functionality is expressed in the timing specification ts (see
Figure 92). If a write operation is aborted during a byte transfer
(CS brought high), then that byte is not written to the destination
register.

cs

Destination registers can be up to 3 bytes wide (see the
Accessing the On-Chip Registers section). Therefore, the first
byte shifted into the serial port at DIN is transferred to the most
significant byte (MSB) of the destination register. If the destination
register is 12 bits wide, for example, a two-byte data transfer
must take place. The data is always assumed to be right justified;
therefore, in this case, the four MSBs of the first byte would be
ignored, and the four LSBs of the first byte written to the ADE7758
would be the four MSBs of the 12-bit word. Figure 93 illustrates
this example.

ty
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Figure 92. Serial Interface Write Timing Diagram
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Figure 93. 12-Bit Serial Write Operation
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Figure 94. Serial Interface Read Timing Diagram
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SERIAL READ OPERATION

During a data read operation from the ADE7758, data is shifted
out at the DOUT logic output on the rising edge of SCLK. As
was the case with the data write operation, a data read must be
preceded with a write to the communications register.

With the ADE7758 in communications mode and CS logic low,

an 8-bit write to the communications register takes place first.
The MSB of this byte transfer must be a 0, indicating that the
next data transfer operation is a read. The seven LSBs of this
byte contain the address of the register that is to be read. The
ADE7758 starts shifting out of the register data on the next
rising edge of SCLK (see Figure 94). At this point, the DOUT
logic output switches from a high impedance state and starts
driving the data bus. All remaining bits of register data are
shifted out on subsequent SCLK rising edges. The serial
interface enters communications mode again as soon as the
read is completed. The DOUT logic output enters a high
impedance state on the falling edge of the last SCLK pulse.

The read operation can be aborted by bringing the CS logic
input high before the data transfer is completed. The DOUT
output enters a high impedance state on the rising edge of CS.

When an ADE7758 register is addressed for a read operation,
the entire contents of that register are transferred to the serial
port. This allows the ADE7758 to modify its on-chip registers
without the risk of corrupting data during a multibyte transfer.

Note that when a read operation follows a write operation, the
read command (that is, write to communications register)
should not happen for at least 1.1 ps after the end of the write
operation. If the read command is sent within 1.1 ps of the write
operation, the last byte of the write operation can be lost.

ACCESSING THE ON-CHIP REGISTERS

All ADE7758 functionality is accessed via the on-chip registers.
Each register is accessed by first writing to the communications
register and then transferring the register data. For a full
description of the serial interface protocol, see the Serial
Interface section.
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REGISTERS

COMMUNICATIONS REGISTER

The communications register is an 8-bit, write-only register that

The data written to the communications register determines
whether the next operation is a read or a write and which
register is being accessed.

controls the serial data transfer between the ADE7758 and the

host processor. All data transfer operations must begin with a
write to the communications register.

Table 16 outlines the bit designations for the communications
register.

Table 16. Communications Register

Bit Location | Bit Mnemonic | Description
0to6 A0 to A6 The seven LSBs of the communications register specify the register for the data transfer operation.
Table 17 lists the address of each ADE7758 on-chip register.
7 W/R When this bit is a Logic 1, the data transfer operation immediately following the write to the
communications register is interpreted as a write to the ADE7758. When this bit is a Logic 0, the data
transfer operation immediately following the write to the communications register is interpreted as a
read operation.
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
W/R A6 A5 A4 A3 A2 Al A0
Table 17. ADE7758 Register List
Address Default
[A6:A0] | Name R/W' | Length | Type? | Value Description
0x00 Reserved - Reserved.
0x01 AWATTHR R 16 S 0 Watt-Hour Accumulation Register for Phase A. Active power is
accumulated over time in this read-only register. The AWATTHR register
can hold a maximum of 0.52 seconds of active energy information with
full-scale analog inputs before it overflows (see the Active Energy
Calculation section). Bit 0 and Bit 1 of the COMPMODE regjister determine
how the active energy is processed from the six analog inputs.
0x02 BWATTHR R 16 S 0 Watt-Hour Accumulation Register for Phase B.
0x03 CWATTHR R 16 S 0 Watt-Hour Accumulation Register for Phase C.
0x04 AVARHR R 16 S 0 VAR-Hour Accumulation Register for Phase A. Reactive power is
accumulated over time in this read-only register. The AVARHR register
can hold a maximum of 0.52 seconds of reactive energy information
with full-scale analog inputs before it overflows (see the Reactive Energy
Calculation section). Bit 0 and Bit 1 of the COMPMODE regjister
determine how the reactive energy is processed from the six analog
inputs.
0x05 BVARHR R 16 S 0 VAR-Hour Accumulation Register for Phase B.
0x06 CVARHR R 16 S 0 VAR-Hour Accumulation Register for Phase C.
0x07 AVAHR R 16 S 0 VA-Hour Accumulation Register for Phase A. Apparent power is
accumulated over time in this read-only register. The AVAHR register can
hold a maximum of 1.15 seconds of apparent energy information with
full-scale analog inputs before it overflows (see the Apparent Energy
Calculation section). Bit 0 and Bit 1 of the COMPMODE regjister determine
how the apparent energy is processed from the six analog inputs.
0x08 BVAHR R 16 S 0 VA-Hour Accumulation Register for Phase B.
0x09 CVAHR R 16 S 0 VA-Hour Accumulation Register for Phase C.
0x0A AIRMS R 24 S 0 Phase A Current Channel RMS Register. The register contains the rms
component of the Phase A input of the current channel. The source is
selected by data bits in the mode register.
0x0B BIRMS R 24 S 0 Phase B Current Channel RMS Register.
0x0C CIRMS R 24 S 0 Phase C Current Channel RMS Register.
0x0D AVRMS R 24 S 0 Phase A Voltage Channel RMS Register.
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Address
[A6:A0]

Name

R/W'

Length

Type?

Default
Value

Description

0x0E
OxOF
0x10

Ox11

0x12

0x13

0x14

0x15

0x16

0x17

0x18

0x19

Ox1A

0x1B

0x1C

0x1D

Ox1E

Ox1F

0x20

0x21

BVRMS
CVRMS
FREQ

TEMP

WFORM

OPMODE

MMODE

WAVMODE

COMPMODE

LCYCMODE

Mask

Status

RSTATUS

ZXTOUT

LINECYC

SAGCYC

SAGLVL

VPINTLVL

IPINTLVL

VPEAK

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

24
24
12

24

24

24

24

16

16

0
0
0

OxFC

0x1C

0x78

OXFFFF

OXFFFF

OxFF

OxFF

OxFF

Phase B Voltage Channel RMS Register.

Phase C Voltage Channel RMS Register.

Frequency of the Line Input Estimated by the Zero-Crossing Processing.
It can also display the period of the line input. Bit 7 of the LCYCMODE
register determines if the reading is frequency or period. Default is
frequency. Data Bit 0 and Bit 1 of the MMODE register determine the
voltage channel used for the frequency or period calculation.
Temperature Register. This register contains the result of the latest
temperature conversion. Refer to the Temperature Measurement
section for details on how to interpret the content of this register.
Waveform Register. This register contains the digitized waveform of one
of the six analog inputs or the digitized power waveform. The source is
selected by Data Bit 0 to Bit 4 in the WAVMODE register.

Operational Mode Register. This register defines the general
configuration of the ADE7758 (see Table 18).

Measurement Mode Register. This register defines the channel used for
period and peak detection measurements (see Table 19).

Waveform Mode Register. This register defines the channel and sampling
frequency used in the waveform sampling mode (see Table 20).
Computation Mode Register. This register configures the formula
applied for the energy and line active energy measurements (see Table 22).
Line Cycle Mode Register. This register configures the line cycle
accumulation mode for WATT-HR, VAR-HR, and VA-Hr (see Table 23).

IRQ Mask Register. It determines if an interrupt event generates an
active-low output at the IRQ pin (see the Interrupts section).

1RQ Status Register. This register contains information regarding the
source of the ADE7758 interrupts (see the Interrupts section).

IRQ Reset Status Register. Same as the STATUS register, except that its
contents are reset to O (all flags cleared) after a read operation.
Zero-Cross Timeout Register. If no zero crossing is detected within the

time period specified by this register, the interrupt request line (IRQ)
goes active low for the corresponding line voltage. The maximum

timeout period is 2.3 seconds (see the Zero-Crossing Detection section).

Line Cycle Register. The content of this register sets the number of
half-line cycles that the active, reactive, and apparent energies are
accumulated for in the line accumulation mode.

SAG Line Cycle Register. This register specifies the number of consecutive
half-line cycles where voltage channel input may fall below a threshold
level. This register is common to the three line voltage SAG detection.
The detection threshold is specified by the SAGLVL register (see the Line
Voltage SAG Detection section).

SAG Voltage Level. This register specifies the detection threshold for the
SAG event. This register is common to all three phases’ line voltage SAG
detections. See the description of the SAGCYC register for details.
Voltage Peak Level Interrupt Threshold Register. This register sets the
level of the voltage peak detection. Bit 5 to Bit 7 of the MMODE register
determine which phases are to be monitored. If the selected voltage
phase exceeds this level, the PKV flag in the IRQ status register is set.

Current Peak Level Interrupt Threshold Register. This register sets the
level of the current peak detection. Bit 5 to Bit 7 of the MMODE register
determine which phases are to be monitored. If the selected current
phase exceeds this level, the PKI flag in the IRQ status register is set.

Voltage Peak Register. This register contains the value of the peak
voltage waveform that has occurred within a fixed number of half-line
cycles. The number of half-line cycles is set by the LINECYC register.
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Address Default

[A6:A0] | Name R/W' | Length | Type? | Value Description

0x22 IPEAK R 8 U 0 Current Peak Register. This register holds the value of the peak current
waveform that has occurred within a fixed number of half-line cycles. The
number of half-line cycles is set by the LINECYC register.

0x23 Gain R'W | 8 u 0 PGA Gain Register. This register is used to adjust the gain selection for the
PGA in the current and voltage channels (see the Analog Inputs section).

0x24 AVRMSGAIN | R'W | 12 S 0 Phase A VRMS Gain Register. The range of the voltage rms calculation can
be adjusted by writing to this register. It has an adjustment range of £50%
with a resolution of 0.0244%/LSB.

0x25 BVRMSGAIN | R/W 12 S 0 Phase B VRMS Gain Register.

0x26 CVRMSGAIN | R/'W 12 S 0 Phase C VRMS Gain Register.

0x27 AIGAIN R/W | 12 S 0 Phase A Current Gain Register. This register is not recommended to be
used and it should be kept at 0, its default value.

0x28 BIGAIN R/W | 12 S 0 Phase B Current Gain Register. This register is not recommended to be
used and it should be kept at 0, its default value.

0x29 CIGAIN R/W | 12 S 0 Phase C Current Gain Register. This register is not recommended to be
used and it should be kept at 0, its default value.

0x2A AWG R/W | 12 S 0 Phase A Watt Gain Register. The range of the watt calculation can be
adjusted by writing to this register. It has an adjustment range of £50%
with a resolution of 0.0244%/LSB.

0x2B BWG R/W | 12 S 0 Phase B Watt Gain Register.

0x2C CWG R/W | 12 S 0 Phase C Watt Gain Register.

0x2D AVARG R/W | 12 S 0 Phase A VAR Gain Register. The range of the VAR calculation can be
adjusted by writing to this register. It has an adjustment range of +50%
with a resolution of 0.0244%/LSB.

0x2E BVARG R/W | 12 S 0 Phase B VAR Gain Register.

O0x2F CVARG R/W | 12 S 0 Phase C VAR Gain Register.

0x30 AVAG R/W | 12 S 0 Phase A VA Gain Register. The range of the VA calculation can be adjusted
by writing to this register. It has an adjustment range of +50% with a
resolution of 0.0244%/LSB.

0x31 BVAG R/W | 12 S 0 Phase B VA Gain Register.

0x32 CVAG R/W | 12 S 0 Phase C VA Gain Register.

0x33 AVRMSOS R/W | 12 S 0 Phase A Voltage RMS Offset Correction Register.

0x34 BVRMSOS RIW | 12 S 0 Phase B Voltage RMS Offset Correction Register.

0x35 CVRMSOS RIW | 12 S 0 Phase C Voltage RMS Offset Correction Register.

0x36 AIRMSOS R/W | 12 S 0 Phase A Current RMS Offset Correction Register.

0x37 BIRMSOS R/W | 12 S 0 Phase B Current RMS Offset Correction Register.

0x38 CIRMSOS R/W 12 S 0 Phase C Current RMS Offset Correction Register.

0x39 AWATTOS RIW | 12 S 0 Phase A Watt Offset Calibration Register.

0x3A BWATTOS R/W | 12 S 0 Phase B Watt Offset Calibration Register.

0x3B CWATTOS R/W | 12 S 0 Phase C Watt Offset Calibration Register.

0x3C AVAROS R/W | 12 S 0 Phase A VAR Offset Calibration Register.

0x3D BVAROS RIW | 12 S 0 Phase B VAR Offset Calibration Register.

0x3E CVAROS R/W | 12 S 0 Phase C VAR Offset Calibration Register.

0x3F APHCAL RIW |7 S 0 Phase A Phase Calibration Register. The phase relationship between the
current and voltage channel can be adjusted by writing to this signed
7-bit register (see the Phase Compensation section).

0x40 BPHCAL RIW |7 S 0 Phase B Phase Calibration Register.

0x41 CPHCAL RIW |7 S 0 Phase C Phase Calibration Register.

0x42 WDIV R'W | 8 u 0 Active Energy Register Divider.

0x43 VARDIV R/W | 8 U 0 Reactive Energy Register Divider.

0x44 VADIV R/W | 8 U 0 Apparent Energy Register Divider.
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Address Default

[A6:A0] | Name R/W' | Length | Type? | Value Description

0x45 APCFNUM R/W | 16 U 0 Active Power CF Scaling Numerator Register. The content of thisregister is
used in the numerator of the APCF output scaling calculation. Bits [15:13]
indicate reverse polarity active power measurement for Phase A, Phase B,
and Phase Cin order; that is, Bit 15 is Phase A, Bit 14 is Phase B, and so on.

0x46 APCFDEN R/W | 12 U 0x3F Active Power CF Scaling Denominator Register. The content of this
register is used in the denominator of the APCF output scaling.

0x47 VARCFNUM | R/W 16 U 0 Reactive Power CF Scaling Numerator Register. The content of this register
is used in the numerator of the VARCF output scaling. Bits [15:13] indicate
reverse polarity reactive power measurement for Phase A, Phase B, and
Phase Cin order; that is, Bit 15 is Phase A, Bit 14 is Phase B, and so on.

0x48 VARCFDEN R/W | 12 U 0x3F Reactive Power CF Scaling Denominator Register. The content of this
register is used in the denominator of the VARCF output scaling.

0x49 to Reserved - - - - Reserved.

0x7D

0x7E CHKSUM R 8 U - Checksum Register. The content of this register represents the sum of all
the ones in the last register read from the SPI port.

0x7F Version R 8 u - Version of the Die.

' This column specifies the read/write capability of the register. R = Read only register. R/W = Register that can be both read and written.
2Type decoder: U = unsigned; S = signed.
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OPERATIONAL MODE REGISTER (0x13)

The general configuration of the ADE7758 is defined by writing to the OPMODE register. Table 18 summarizes the functionality of each
bit in the OPMODE register.

Table 18. OPMODE Register

Bit Bit Default
Location | Mnemonic | Value Description
0 DISHPF 0 The HPFs in all current channel inputs are disabled when this bit is set.
1 DISLPF 0 The LPFs after the watt and VAR multipliers are disabled when this bit is set.
2 DISCF 1 The frequency outputs APCF and VARCF are disabled when this bit is set.
3to5 DISMOD 0 By setting these bits, the ADE7758 ADCs can be turned off. In normal operation, these bits should
be left at Logic 0.
DISMOD[2:0] Description
0 0 0 Normal operation.
1 0 0 Redirect the voltage inputs to the signal paths for the current channels and
the current inputs to the signal paths for the voltage channels.
0 0 1 Switch off only the current channel ADCs.
1 0 1 Switch off current channel ADCs and redirect the current input signals to the
voltage channel signal paths.
0 1 0 Switch off only the voltage channel ADCs.
1 1 0 Switch off voltage channel ADCs and redirect the voltage input signals to the
current channel signal paths.
0 1 1 Put the ADE7758 in sleep mode.
1 1 1 Put the ADE7758 in power-down mode (reduces Alpp to T mA typ).
6 SWRST 0 Software Chip Reset. A data transfer to the ADE7758 should not take place for at least 166 ps after
a software reset.
7 Reserved 0 This should be left at 0.

MEASUREMENT MODE REGISTER (0x14)

The configuration of the PERIOD and peak measurements made by the ADE7758 is defined by writing to the MMODE register. Table 19
summarizes the functionality of each bit in the MMODE register.

Table 19. MMODE Register

Bit Bit Default
Location | Mnemonic | Value Description
0to1 FREQSEL 0 These bits are used to select the source of the measurement of the voltage line frequency.
FREQSEL1 FREQSELO Source
0 0 Phase A
0 1 Phase B
1 0 Phase C
1 1 Reserved
2to4 PEAKSEL 7 These bits select the phases used for the voltage and current peak registers. Setting Bit 2 switches

the IPEAK and VPEAK registers to hold the absolute values of the largest current and voltage
waveform (over a fixed number of half-line cycles) from Phase A. The number of half-line cycles is
determined by the content of the LINECYC register. At the end of the LINECYC number of half-line
cycles, the content of the registers is replaced with the new peak values. Similarly, setting Bit 3 turns
on the peak detection for Phase B, and Bit 4 for Phase C. Note that if more than one bit is set, the
VPEAK and IPEAK registers can hold values from two different phases, that is, the voltage and
current peak are independently processed (see the Peak Current Detection section).

5to7 PKIRQSEL 7 These bits select the phases used for the peak interrupt detection. Setting Bit 5 switches on the
monitoring of the absolute current and voltage waveform to Phase A. Similarly, setting Bit 6 turns on
the waveform detection for Phase B, and Bit 7 for Phase C. Note that more than one bit can be set for
detection on multiple phases. If the absolute values of the voltage or current waveform samples in
the selected phases exceeds the preset level specified in the VPINTLVL or IPINTLVL registers the
corresponding bit(s) in the STATUS registers are set (see the Peak Current Detection section).
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WAVEFORM MODE REGISTER (0x15)

The waveform sampling mode of the ADE7758 is defined by writing to the WAVMODE register. Table 20 summarizes the functionality of
each bit in the WAVMODE register.

Table 20. WAVMODE Register

Bit Bit Default
Location | Mnemonic | Value Description
Oto1 PHSEL 0 These bits are used to select the phase of the waveform sample.
PHSEL[1:0] Source
0 0 Phase A
0 1 Phase B
1 0 Phase C
1 1 Reserved
2to 4 WAVSEL 0 These bits are used to select the type of waveform.
WAVSEL[2:0] Source
0 0 0 Current
0 0 1 Voltage
0 1 0 Active Power Multiplier Output
0 1 1 Reactive Power Multiplier Output
1 0 0 VA Multiplier Output
Others- Reserved
5t06 DTRT 0 These bits are used to select the data rate.
DTRT[1:0] Update Rate
0 0 26.04 kSPS (CLKIN/3/128)
0 1 13.02 kSPS (CLKIN/3/256)
1 0 6.51 kSPS (CLKIN/3/512)
1 1 3.25 kSPS (CLKIN/3/1024)
7 VACF 0 Setting this bit to Logic 1 switches the VARCF output pin to an output frequency that is
proportional to the total apparent power (VA). In the default state, Logic 0, the VARCF pin outputs
a frequency proportional to the total reactive power (VAR).
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COMPUTATIONAL MODE REGISTER (0x16)

The computational method of the ADE7758 is defined by writing to the COMPMODE register. Table 21 summarizes the functionality of
each bit in the COMPMODE register.

Table 21. COMPMODE Register

Bit Bit Default

Location | Mnemonic | Value Description

Oto1 CONSEL 0 These bits are used to select the input to the energy accumulation registers. CONSEL[1:0] = 11 is
reserved. IA, IB, and IC are IA, IB, and IC phase shifted by -90°, respectively.
Registers CONSEL[1, 0] =00 CONSEL[1, 0] =01 CONSEL[1,0]1=10
AWATTHR VA X 1A VA x (IA - IB) VA x (IA-IB)
BWATTHR VB x IB 0 0
CWATTHR VCxIC VC x (IC-1B) VCxIC
AVARHR VA X 1A VA x (IA - 1B) VA x (IA-IB)
BVARHR VB x IB 0 0
CVARHR VC x1C VC x (IC-1B) Ve xIC
AVAHR VArwms X |Arwvis VAgrms X |Arms VAgrms X Arms
BVAHR VBrums X IBrms (VArms + VCrus)/2 X IBrms VAgrwms X IBrms
CVAHR VCrums X [Crums VCrums X [Crums VCrums X |Crums

2to4 TERMSEL 7 These bits are used to select the phases to be included in the APCF and VARCF pulse outputs. Setting
Bit 2 selects Phase A (the inputs to AWATTHR and AVARHR registers) to be included. Bit 3 and Bit 4
are for Phase B and Phase C, respectively. Setting all three bits enables the sum of all three phases to
be included in the frequency outputs (see the Active Power Frequency Output and the Reactive
Power Frequency Output sections).

5 ABS 0 Setting this bit places the APCF output pin in absolute only mode. Namely, the APCF output
frequency is proportional to the sum of the absolute values of the watt-hour accumulation registers
(AWATTHR, BWATTHR, and CWATTHR). Note that this bit only affects the APCF pin and has no effect
on the content of the corresponding registers.

6 SAVAR 0 Setting this bit places the VARCF output pin in the signed adjusted mode. Namely, the VARCF output
frequency is proportional to the sign-adjusted sum of the VAR-hour accumulation registers (AVARHR,
BVARHR, and CVARHR). The sign of the VAR is determined from the sign of the watt calculation from
the corresponding phase, that is, the sign of the VAR is flipped if the sign of the watt is negative, and
if the watt is positive, there is no change to the sign of the VAR. Note that this bit only affects the
VARCF pin and has no effect on the content of the corresponding registers.

7 NOLOAD 0 Setting this bit activates the no-load threshold in the ADE7758.
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LINE CYCLE ACCUMULATION MODE REGISTER (0x17)

The functionalities involved the line-cycle accumulation mode in the ADE7758 are defined by writing to the LCYCMODE register.
Table 22 summarizes the functionality of each bit in the LCYCMODE register.

Table 22. LCYCMODE Register

Bit Bit Default

Location | Mnemonic | Value Description

0 LWATT 0 Setting this bit places the watt-hour accumulation registers (AWATTHR, BWATTHR, and CWATTHR
registers) into line-cycle accumulation mode.

1 LVAR 0 Setting this bit places the VAR-hour accumulation registers (AVARHR, BVARHR, and CVARHR registers)
into line-cycle accumulation mode.

2 LVA 0 Setting this bit places the VA-hour accumulation registers (AVAHR, BVAHR, and CVAHR registers) into
line-cycle accumulation mode.

3to5 ZXSEL 7 These bits select the phases used for counting the number of zero crossings in the line-cycle
accumulation mode. Bit 3, Bit 4, and Bit 5 select Phase A, Phase B, and Phase C, respectively. More than
one phase can be selected for the zero-crossing detection, and the accumulation time is shortened
accordingly.

6 RSTREAD 1 Setting this bit enables the read-with-reset for all the WATTHR, VARHR, and VAHR registers for all three
phases, that is, a read to those registers resets the registers to 0 after the content of the registers have
been read. This bit should be set to Logic 0 when the LWATT, LVAR, or LVA bits are set to Logic 1.

7 FREQSEL 0 Setting this bit causes the FREQ (0x10) register to display the period, instead of the frequency of the
line input.
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INTERRUPT MASK REGISTER (0x18)

When an interrupt event occurs in the ADE7758, the IRQ logic output goes active low if the mask bit for this event is Logic 1 in the
MASK register. The IRQ logic output is reset to its default collector open state when the RSTATUS register is read. Table 23 describes the
function of each bit in the interrupt mask register.

Table 23. Function of Each Bit in the Interrupt Mask Register

Bit Interrupt | Default

Location | Flag Value Description

0 AEHF 0 Enables an interrupt when there is a change in Bit 14 of any one of the three WATTHR registers,
that is, the WATTHR register is half full.

1 REHF 0 Enables an interrupt when there is a change in Bit 14 of any one of the three VARHR registers,
that is, the VARHR register is half full.

2 VAEHF 0 Enables an interrupt when there is a 0 to 1 transition in the MSB of any one of the three VAHR
registers, that is, the VAHR register is half full.

3 SAGA 0 Enables an interrupt when there is a SAG on the line voltage of the Phase A.

4 SAGB 0 Enables an interrupt when there is a SAG on the line voltage of the Phase B.

5 SAGC 0 Enables an interrupt when there is a SAG on the line voltage of the Phase C.

6 ZXTOA 0 Enables an interrupt when there is a zero-crossing timeout detection on Phase A.

7 ZXTOB 0 Enables an interrupt when there is a zero-crossing timeout detection on Phase B.

8 ZXTOC 0 Enables an interrupt when there is a zero-crossing timeout detection on Phase C.

9 ZXA 0 Enables an interrupt when there is a zero crossing in the voltage channel of Phase A (see the
Zero-Crossing Detection section).

10 ZXB 0 Enables an interrupt when there is a zero crossing in the voltage channel of Phase B (see the
Zero-Crossing Detection section).

11 ZXC 0 Enables an interrupt when there is a zero crossing in the voltage channel of Phase C (see the
Zero-Crossing Detection section).

12 LENERGY 0 Enables an interrupt when the energy accumulations over LINECYC are finished.

13 Reserved 0 Reserved.

14 PKV 0 Enables an interrupt when the voltage input selected in the MMODE register is above the value
in the VPINTLVL register.

15 PKI 0 Enables an interrupt when the current input selected in the MMODE register is above the value
in the IPINTLVL register.

16 WFSM 0 Enables an interrupt when data is present in the WAVEMODE register.

17 REVPAP 0 Enables an interrupt when there is a sign change in the watt calculation among any one of the
phases specified by the TERMSEL bits in the COMPMODE register.

18 REVPRP 0 Enables an interrupt when there is a sign change in the VAR calculation among any one of the
phases specified by the TERMSEL bits in the COMPMODE register.

19 SEQERR 0 Enables an interrupt when the zero crossing from Phase A is followed not by the zero crossing

of Phase C but with that of Phase B.
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INTERRUPT STATUS REGISTER (0x19)/RESET INTERRUPT STATUS REGISTER (0x1A)

The interrupt status register is used to determine the source of an interrupt event. When an interrupt event occurs in the ADE7758, the
corresponding flag in the interrupt status register is set. The IRQ pin goes active low if the corresponding bit in the interrupt mask
register is set. When the MCU services the interrupt, it must first carry out a read from the interrupt status register to determine the
source of the interrupt. All the interrupts in the interrupt status register stay at their logic high state after an event occurs. The state of the
interrupt bit in the interrupt status register is reset to its default value once the reset interrupt status register is read.

Table 24. Interrupt Status Register

Bit Interrupt | Default

Location | Flag Value Event Description

0 AEHF 0 Indicates that an interrupt was caused by a change in Bit 14 among any one of the three WATTHR
registers, that is, the WATTHR register is half full.

1 REHF 0 Indicates that an interrupt was caused by a change in Bit 14 among any one of the three VARHR
registers, that is, the VARHR register is half full.

2 VAEHF 0 Indicates that an interrupt was caused by a 0 to 1 transition in Bit 15 among any one of the three VAHR
registers, that is, the VAHR register is half full.

3 SAGA 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase A.

4 SAGB 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase B.

5 SAGC 0 Indicates that an interrupt was caused by a SAG on the line voltage of the Phase C.

6 ZXTOA 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase A.

7 ZXTOB 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase B.

8 ZXTOC 0 Indicates that an interrupt was caused by a missing zero crossing on the line voltage of the Phase C.

9 ZXA 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase A.

10 ZXB 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase B.

11 ZXC 0 Indicates a detection of a rising edge zero crossing in the voltage channel of Phase C.

12 LENERGY | O In line energy accumulation, indicates the end of an integration over an integer number of half-line

cycles (LINECYC). See the Calibration section.

13 Reset 1 After Bit 6 (SWRST) in OPMODE register is set to 1, the ADE7758 enters software reset. This bit
becomes 1 after 166 psec, indicating the reset process has ended and the registers are set to their
default values. It stays 1 until the reset interrupt status register is read and then becomes 0.

14 PKV 0 Indicates that an interrupt was caused when the selected voltage input is above the value in the
VPINTLVL register.

15 PKI 0 Indicates that an interrupt was caused when the selected current input is above the value in the
IPINTLVL register.

16 WFSM 0 Indicates that new data is present in the waveform register.

17 REVPAP 0 Indicates that an interrupt was caused by a sign change in the watt calculation among any one of the
phases specified by the TERMSEL bits in the COMPMODE register.

18 REVPRP 0 Indicates that an interrupt was caused by a sign change in the VAR calculation among any one of the
phases specified by the TERMSEL bits in the COMPMODE register.

19 SEQERR 0 Indicates that an interrupt was caused by a zero crossing from Phase A followed not by the zero

crossing of Phase C but by that of Phase B.
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Introduction to SPI Interface

By Piyu Dhaker
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Serial peripheral interface (SPI) is one of the most widely used interfaces

between microcontroller and peripheral ICs such as sensors, ADCs, DACs,
shift registers, SRAM, and others. This article provides a brief description

of the SPI interface followed by an introduction to Analog Devices’ SPI

enabled switches and muxes, and how they help reduce the number of
digital GPIOs in system board design.

SPl is a synchronous, full duplex master-slave-based interface. The data
from the master or the slave is synchronized on the rising or falling clock
edge. Both master and slave can transmit data at the same time. The SPI
interface can be either 3-wire or 4-wire. This article focuses on the popular
4-wire SPI interface.

Interface
SPI cs > CS SPI
Master Slave
SCLK »| SCLK
MOSI »| SDI
MISO | SDO

Figure 1. SPI configuration with master and a slave.
4-wire SPI devices have four signals:

» Clock (SPI CLK, SCLK)

» Chip select (CS)

» Master out, slave in (MOSI)

» Master in, slave out (MISO)

The device that generates the clock signal is called the master. Data
transmitted between the master and the slave is synchronized to the
clock generated by the master. SPI devices support much higher clock

frequencies compared to I°C interfaces. Users should consult the product
data sheet for the clock frequency specification of the SPI interface.

SPl interfaces can have only one master and can have one or multiple slaves.

Figure 1 shows the SPI connection between the master and the slave.

The chip select signal from the master is used to select the slave. This is
normally an active low signal and is pulled high to disconnect the slave
from the SPI bus. When multiple slaves are used, an individual chip select
signal for each slave is required from the master. In this article, the chip
select signal is always an active low signal.

MOSI and MISO are the data lines. MOSI transmits data from the master to
the slave and MISO transmits data from the slave to the master.

Analog Dialogue 52-09, September 2018

Data Transmission

To begin SPI communication, the master must send the clock signal and

select the slave by enabling the CS signal. Usually chip select is an active
low signal; hence, the master must send a logic 0 on this signal to select

the slave. SPI is a full-duplex interface; both master and slave can send
data at the same time via the MOSI and MISO lines respectively. During SPI

communication, the data is simultaneously transmitted (shifted out serially
onto the MOSI/SDO bus) and received (the data on the bus (MISO/SDI) is

sampled or read in). The serial clock edge synchronizes the shifting and
sampling of the data. The SPI interface provides the user with flexibility to
select the rising or falling edge of the clock to sample and/or shift the data.
Please refer to the device data sheet to determine the number of data bits
transmitted using the SPI interface.

Clock Polarity and Clock Phase

In SPI, the master can select the clock polarity and clock phase. The CPOL
bit sets the polarity of the clock signal during the idle state. The idle state is
defined as the period when CS is high and transitioning to low at the start
of the transmission and when CS is low and transitioning to high at the
end of the transmission. The CPHA bit selects the clock phase. Depending
on the CPHA bit, the rising or falling clock edge is used to sample and/or
shift the data. The master must select the clock polarity and clock phase,
as per the requirement of the slave. Depending on the CPOL and CPHA bit
selection, four SPI modes are available. Table 1 shows the four SPI modes.

Table 1. SPI Modes with CPOL and CPHA

SPl Clock
Mode CPOL | CPHA | Polarity in

Idle State
0 0 0

Logic low

Clock Phase Used to Sample
and/or Shift the Data

Data sampled on rising edge and
shifted out on the falling edge

Data sampled on the falling edge

L v 1 Logiclow 1 shifted out on the rising edge

N Data sampled on the falling edge
2 L ! Logic high and shifted out on the rising edge
3 1 0 Logic high Data sampled on the rising edge

and shifted out on the falling edge

Figure 2 through Figure 5 show an example of communication in four SPI
modes. In these examples, the data is shown on the MOSI and MISO line.
The start and end of transmission is indicated by the dotted green line, the
sampling edge is indicated in orange, and the shifting edge is indicated
in blue. Please note these figures are for illustration purpose only. For
successful SPI communications, users must refer to the product data
sheet and ensure that the timing specifications for the part are met.
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Figure 4. SPI Mode 2, CPOL = 1, CPHA = 1: CLK idle state = high, data sampled on the falling edge and shifted on the rising edge.

Figure 5. SPI Mode 3, CPOL = 1, CPHA = O: CLK idle state = high, data sampled on the rising edge and shifted on the falling edge.

Figure 3 shows the timing diagram for SPI Mode 1. In this mode, clock polar- Figure 5 shows the timing diagram for SPI Mode 3. In this mode, the clock
ity is 0, which indicates that the idle state of the clock signal is low. The clock polarity is 1, which indicates that the idle state of the clock signal is high.
phase in this mode is 1, which indicates that the data is sampled on the The clock phase in this mode is 0, which indicates that the data is sampled
falling edge (shown by the orange dotted line) and the data is shifted on the on the rising edge (shown by the orange dotted line) and the data is shifted
rising edge (shown by the dotted blue line) of the clock signal. on the falling edge (shown by the dotted blue line) of the clock signal.

Figure 4 shows the timing diagram for SPI Mode 2. In this mode, the clock
polarity is 1, which indicates that the idle state of the clock signal is high. The
clock phase in this mode is 1, which indicates that the data is sampled on
the falling edge (shown by the orange dotted line) and the data is shifted on
the rising edge (shown by the dotted blue line) of the clock signal.

Multislave Configuration

Multiple slaves can be used with a single SPI master. The slaves can be
connected in regular mode or daisy-chain mode.

2 Analog Dialogue 52-09, September 2018



SPI CS3
Master Cs2 *
y
cs1 »{CS cs cs
»~SCLK  sp| »|SCLK  spI »|SCLK  spi
»!|sDI Slave > sDI Slave sDI Slave
15P0 apgsiat2 ™15P0 apasia12 SDO Jpasi412
SCLK
MosI
MISO

Figure 6. Multislave SPI configuration.

Regular SPI Mode:

In regular mode, an individual chip select for each slave is required from
the master. Once the chip select signal is enabled (pulled low) by the
master, the clock and data on the MOSI/MISO lines are available for the
selected slave. If multiple chip select signals are enabled, the data on the
MISO line is corrupted, as there is no way for the master to identify which
slave is transmitting the data.

As can be seen from Figure 6, as the number of slaves increases, the
number of chip select lines from the master increases. This can quickly
add to the number of inputs and outputs needed from the master and limit
the number of slaves that can be used. There are different techniques
that can be used to increase the number of slaves in regular mode; for
example, using a mux to generate a chip select signal.

Daisy-Chain Method:

SPI = —
Master e >cs S?PI
SCLK »SCLK ~o'¢
MOSI »| SDI
MISO |— SDO
\
SDI
| CS
SPI
»| SCLK Slave
SDO
\
SDI
o—»|CS
SPI
= scLk Stave
= SDO

Figure 7. Multislave SPI daisy-chain configuration.
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In daisy-chain mode, the slaves are configured such that the chip select
signal for all slaves is tied together and data propagates from one slave to
the next. In this configuration, all slaves receive the same SPI clock at the
same time. The data from the master is directly connected to the first slave
and that slave provides data to the next slave and so on.

In this method, as data is propagated from one slave to the next, the
number of clock cycles required to transmit data is proportional to the
slave position in the daisy chain. For example, in Figure 7, in an 8-bit
system, 24 clock pulses are required for the data to be available on the 3%
slave, compared to only eight clock pulses in regular SPI mode. Figure 8
shows the clock cycles and data propagating through the daisy chain.
Daisy-chain mode is not necessarily supported by all SPI devices. Please
refer to the product data sheet to confirm if daisy chain is available.

Eight Eight Eight
CLK Clocks U Clocks U Clocks
SDIN1 >< 0xA5 >< O0x5A >< ><

SDOUTH
SDIND >< X >< 0XA5 >< oxsa X

SDOUT2
SDIN3 >< X >< X >< OxAS ><

Figure 8. Daisy-chain configuration: data propagation.

Analog Devices SPI Enabled Switches and Muxes

The newest generation of ADI SPI enabled switches offer significant space
saving without compromise to the precision switch performance. This
section of the article discusses a case study of how SPI enabled switches
or muxes can significantly simplify the system-level design and reduce the
number of GPIOs required.

The ADG1412 is a quad, single-pole, single-throw (SPST) switch, which
requires four GPIOs connected to the control input of each switch. Figure 9
shows the connection between the microcontroller and one ADG1412.


http://analog.com/ADG1412

Micro-
controller

GPIOs
SPI Master

}V Y

Em— —
— | ADG1412 |
Inputs Outputs
> SPI >
Slave

Figure 9. Microcontroller GPIO as control signals for the switch.

As the number of switches on the board increases, the number of required
GPI0s increases significantly. For example, when designing a test instru-
mentation system and a large number of switches are used to increase
the number of channels in the system. In a 4 x 4 cross-point matrix

configuration, four ADG1412s are used. This system would require 16 GPIOs,
limiting the available GPIOs in a standard microcontroller. Figure 10 shows
the connection of four ADG1412s using the 16 GPIOs of the microcontroller.

One approach to reduce the number of GPIOs is to use a serial-to-parallel
converter, as shown in Figure 11. This device outputs parallel signals
that can be connected to the switch control inputs and the device can
be configured by serial interface SPI. The drawback of this method is an
increase in the bill of material by introducing an additional component.

An alternative method is to use SPI controlled switches. This method
provides the benefit of reducing the number of GPIOs required and also
eliminates the overhead of additional serial-to-parallel converter. As shown
in Figure 12, instead of 16 microcontroller GPIOS, only seven microcontroller
GPIOs are needed to provide the SPI signals to the four ADGS1412s.

The switches can be configured in daisy-chain configuration to further
optimize the GPIO count. In daisy-chain configuration, irrespective of the
number of switches used in the system, only four GPIOs are used from
the master (microcontroller).

Micro-
controller
[’
]
o
(0]
SPI Master ‘ Y VY YYVY YYYY YYYY
ADG1412 ADG1412 ADG1412 ADG1412
SPI SPI SPI SPI
Slave Slave Slave Slave
Figure 10. In a multislave configuration, the number of GPIOs needed increases tremendously.
Micro-
controller
CE_E > Serial to
> Parallel
MosI > Coz:lae:er
MISO -
SRliMastern l YV Y YYVY YYVY YYVY
ADG1412 ADG1412 ADG1412 ADG1412
SPI SPI SPI SPI
Slave Slave Slave Slave

Figure 11. Multislave switches using a serial-to-parallel converter.
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csa
SPI Cs3
+ Y \/
csi S cs S cs
SCLK  gpj SCLK  gpj SCLK  gpj SCLK  gpi
. ~! sDI Slave ~| sDI Slave ~! sDI Slave ~! sDI Slave
Microcontroller
~15P° Apasta12 ™15P° Apgsi412 15P° apesi412 ™15P° apast412
SCLK
MoSI
MISO
Figure 12. SPI enabled switches save up microcontroller GPIOs.
Figure 13 is for illustration purposes. The ADGS1412 data sheet recom-
Mg';'er cs »|Cs SPI mends a pull-up resistor on the SDO pin. Please refer to the ADGS1412
_ Slave data sheet for further details on daisy-chain mode. For the sake of sim-
SCLK | SCLK L . o
R plicity, four switches have been used in this example. As the number of
MosI o SDII\DGS1 412 switches increase in a system, the benefits of board simplicity and space
MISO |<— SDO saving is significant. The ADI SPI enabled switches provide a 20% overall
MicToeona o board space reduction in a 4 x 8 crosspoint configuration with eight quad
SPST switches on a 6-layer board. The article “Precision SPI Switch Con-
Y figuration Increases Channel Density” provides detail on how precision SPI
__ soi switch configuration increases channel density.
*—»CS SPI
»|scLk Slave Analog Devices offers several SPI enabled switches and multiplexers. For
ADGS1412 more information visit here.
SDO
References
¥ ADuCM3029 data sheet. Analog Devices, Inc., March 2017.
SDI . ' ) )
+—>|CS SpI Nugent, Stephen. “Precision SPI Switch Configuration Increases Channel
Density.” Analog Dialogue, May 2017.
~|scLk  Stave
ADGS1412 Usach, Miguel. AN-1248 Application Note: SP/ Interface.
Sbo Analog Devices, Inc., September 2015.
\
__sbi
o—»|CS SPI
»|scLK Slave
ADGS1412
- SDO

Figure 13. SPI enabled switches configured in a daisy chain to further
optimize the GPIOs.
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[57] ABSTRACT

In a communication system for the transmission of mes-
sages through a data bus between one or more user
microprocessors coupled to the data bus, the user mi-
croprocessors having either a serial communications
interface (SCI) port or a serial peripheral interface
(SPY) port along with a clock port and an input/output
port, the user microprocessors being coupled to the data
bus by a bus interface integrated circuit, a method to
transmit and receive data in an SPI mode of operation in
conjunction with a method of arbitrating data on the
data bus.

2 Claims, 4 Drawing Sheets
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METHOD FOR SERIAL PERIPHERAL
INTERFACE (SPI) IN A SERIAL DATA BUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The purpose of the disclosed method for serial pe-
ripheral interface (SPI) in a serial data bus is to provide
a method of handling an SPI port as part of the serial
data bus interface IC circuit described herein.

2. Description of the Prior Art

Data communications between microprocessors or
microcomputers need to communicate with each other
in many applications. ,

Local area networks (LAN) link such microproces-
sors or microcomputers, allowing one of the microcom-
puters to seize control of the serial data channel com-
monly linked to all other microprocessors on the LAN
and transmit data to any other unit. The protocols,
controllers and software needed in a LAN are very
complex, especially in large systems.

An automotive environment is a smaller application
and, thus, does not require the complex performance
capabilities available in a LAN.

Digital data buses have been designed to handle the
above-described data communications link in a small
area. Such a system is described in SAE Paper No.
840317, by Ronald L. Mitchell entitled “A Small Area
Network For Cars.” This document is hereby expressly
incorporated by reference. Also descriptive of such a
digital data bus is U.S. Pat. No. 4,429,384 to Kaplinsky
entitled “Communication System Having An Informa-
tion Bus And Circuits Therefor.”

Also descriptive of developments in this field is SAE
Paper No. 860390 by Frederick H. Phail and David J.
Arnett entitled “In Vehicle Networking - Serial Com-
munications Requirements and Directions.” This docu-
ment is also hereby expressly incorporated by refer-
ence.

The subject invention differs from the art noted
above by use of a constant speed, .the lack of use of an
acknowledgement bit and the lack of requirements for a
tight link between the transmitting station and the re-
ceiving stations. Also important in the subject invention
is the communication link between the message trans-
mitter and receiver.

Generally, the following U.S. patents discuss colli-
sion detection in data communications systems: U.S.
Pat. No. 4,281,380 of DeMesa III et al. entitled “Bus
Collision Avoidance System For Distributed Network
Data Processing Communications System” dated July
28, 1981; U.S. Pat. No. 4,409,592 of V. Bruce Hunt
entitled “Multipoint Packet Data Communication Sys-
tem Using Random Access And Collision Detection
Techniques” dated Oct. 11, 1983; U.S. Pat. No.
4,434,421 of Baker et al. entitled “Method For Digital
Data Transmission With Bit-Echoed Arbitration” dated
Feb. 28, 1984; U.S. Pat. No. 4,470,110 of Chiarottino et
al. entitled “System For Distributed Priority Arbitra-
tion Among Several Processing Units Competing For
Access To A Common Data Channel” dated Sept. 4,
1984; and U.S. Pat. No. 4,472,712 of Ault et al. entitled
“Multipoint Data Communication System With Local
Arbitration” dated Sept. 18, 1984.

The U.S. Pat. No. 4,434,421 patent to Baker et al.
deals with a method to reduce the number of collisions.
This is done by reducing the number of slave stations
attempting bus access until there is one master and one
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slave station in communication. This differs from the
subject invention in that a broadcast method is em-
ployed whereby several users can receive the same
message.

The U.S. Pat. No. 4,470,110 to Chiarottino et al.
discloses a system to exchange messages including an
interface. In addition, U.S. Pat. No. 4,470,110 assigns a
priority to an address bit of a particular logical level.

Also of interest is an article in an IEEE publication
“Automotive Applications of Microprocessors,” 1984;
Paper No. CH2072-7/84/0000-0083 entitled “A Data
Link For Agricultural And Off Highway Communica-
tions” by Boyd Nichols, Vijay Dharia and Kanaparty
Rao.

Of paramount importance in the subject invention is
the inclusion of the capability to communicate with a
serial communication interface (SCI) port, a serial pe-
ripheral interface (SPI) port and a buffered serial pe-
ripheral interface (BSPI) port.

SUMMARY OF THE INVENTION

The purpose of the serial data bus system disclosed
herein, also known as Chrysler Collision Detection
(C2D) bus, is to allow multiple microprocessors to eas-
ily communicate with each other over a common pair
of wires or bus using a scheme similar to a telephone
party line. All microprocessors connected to the bus are
able to receive all messages transmitted on the bus. Any
microprocessor with a message to transmit on the bus
waits until any current user is finished before attempting
to use it.

Whenever the bus is available, its use is allocated on
a first-come first-serve basis. That is, whichever micro-
processor begins transmitting its message on the bus,
after any previous message finishes, gets the use of the
bus. If, however, multiple microprocessors attempt to
begin transmitting their messages on the bus at exactly
the same time, then the message with the highest prior-
ity wins the use of the bus. All messages have unique
message priority values and each message is transmitted
by only one microprocessor.

The invention disclosed herein is further summarized
in two co-pending patent applications on related mate-
rial. Both applications were filed in the U.S. Patent &
Trademark Office on Feb. 24, 1986, and are commonly
owned with the subject patent application. They are:
“Serial Data Bus For Intermodule Data Communica-
tions,” U.S. Ser. No. 06/832,908; and “Method Of Data
Arbitration and Collision Detection On A Data Bus,”
U.S. Ser. No. 06/832,909. Both of these applications are
hereby expressly incorporated by reference.

Also hereby incorporated by reference is SAE Infor-
mation Report entitled “J1567 Collision Detection Se-
rial Data Communications Multiplex Bus” to be pres-
ented to the SAE Multiplexing Committee on May 23,
1986.

Attention is invited to the above-described applica-
tions for further explanation of the summaries of some
of the basics of the invention described in the subject
application.

It is an object of the subject invention to provide an
SCI port, an SPI port and a buffered SPI port as part of
the serial data interface integrated circuit described
herein. This allows communication with any device
configured with any one of these three ports all on the
same bus. The inclusion of the ports augments the sim-
plification of the serial data communication described in
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the previously filed patent applications on the related
subject matter.

DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become  more fully apparent from the
detailed description of the preferred embodiment, the
appended claims and the accompanying drawings in
which:

FIG. 1 illustrates in block diagram form hardware
used in the SPI mode of a serial data bus interface inte-
grated circuit (IC);

FIG. 2 illustrates another block diagram showing the
serial data bus in an SCI mode;

FIG. 3 is a flowchart showing the SPI mode methods
under a transmit condition; and

FIG. 4 shows the flowchart of the SPI mode in a
receive condition.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This application is one of three filed on the same day
and having related specifications and drawings. The
other cases are commonly owned with the same inven-
tors are Ser. Nos. 06/866628 and 06/866629 and are
entitled “Method For Serial Peripheral Interface In A
Serial Data Bus” and “Method For A Buffered Serial
Peripheral Interface In A Serial Data Bus.” Both of
these cases are hereby expressly incorporated by refer-

- ence.
.. Further documents hereby expressly incorporated by
. reference include U.S. Pat. No. 4,429,384 issued to Ka-
-plinsky and entitled “Communication System Having
-An Information Bus And Circuits Therefor”; SAE
Technical Paper No. 830536 entitled “Serial Bus Struc-
tures For Automotive Applications” by Anthony J.
Bozzini and Alex Goldberger dated Feb. 28, 1983; SAE
‘Paper No. 840317 by Ronald L. Mitchell entitled “A
‘Small Area Network For Cars”; SAE Paper No.
860390 by Frederick H. Phail and David J. Arnett enti-
~tled “In-Vehicle Networking - Serial Data Communica-
-tion Requirements And Directions”; and SAE Paper
No. 860389 by Frederick O. R. Miesterfeld entitled
“Chrysler Collision Detection (C2D) A Revolutionary
Vehicle Network.”

Attention is invited to the previously filed patent
applications and the concurrently filed patent applica-
tions on the related subject matters for a more complete
description of some of the hardware disclosed in FIG. 1
and FIG. 2.

The interaction between the arbitration detector 42,
collision detector 44, work counter 202, word flip-flop
203, start bit detector 200, firming air detector 204, idle
counter 206, idle flip-flop 207, clock divider 201, digital
filter 210, bus driver made up of OR gate 62 and NAND
gate 63, along with bus receiver 30 in conjunction with
current source 34 and current sink 36 as connected to
the bus 26.

An understanding of the above-listed blocks is neces-
sary for understanding the improvements outlined in
the subject application. Attention is, therefore, invited
to patent applications U.S. Ser. Nos. 06/832,908 and
06/832,909 and the explanations included therein and
the drawings which all have been incorporated by ref-
erence.

Referring to FIG. 1 and FIG. 2, the hardware of the
serial data bus interface IC 24 is shown in two ways. In
FIG. 2, the bus interface IC 24 is shown in a serial
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4

communications interface (SCI) mode. That is, only the
hardware which is used exclusively for SCI and which
is common to other modes of operation for the serial
data bus, namely SPI and buffered SPI is illustrated.

FIG. 1 augments the diagram of FIG. 2 by adding in
the hardware from the bus interface IC 24 which is used
in an SPI mode (in an unbuffered condition).

The block diagram of FIG. 2 is adequately described
in the documents incorporated by reference and should
not be repeated here.

The unbuffered SPI hardware diagram shown in
FIG. 1 merely augments the diagram of FIG. 2 with
some of the blocks and lines described in other copend-
ing patent applications, namely, the start/stop/SCK
generator 307 and the SCK and CONTROL lines. Also
augmented in this figure is the idle control detector 54
to show that the idle and control detector is comprised
of the idle counter 206, idle flip-flop 207 and the sched-
uler and controiler block 309, all described in the co-
pending patent application entitled “Serial Data Bus
For SCI, SPI and Buffered SPI Modes of Operation.”

Turning now to FIG. 3 and to FIG. 4, the SPI
method will be described in its transmit and receive
condition. This is the heart of the subject invention.

When SPI transmit condition exists, the serial data
bus interface IC 24 will utilize an SPI mode to govern
the transmitting of the data. This mode is begun in block
600 and the bus interface IC 24 checks to see if the
IDLE line is in a low condition in decision block 602. If
the IDLE line is not low, the bus interface IC 24 waits
until it is, and then falls through to decision block 604 to
check the control line to see if it has been pulled low. If
not, the bus interface IC waits until the control line is
pulled low and then falls through to block 606 to latch
the control line in a low condition.

Next, the bus interface IC checks to see if the IDLE
line has been low for two bit times in decision block 608.
If not, it waits for that condition to occur and falls
through a decision block 610 to put a start bit on the bus
26 and set the IDLE line to a logical one.

Next, the bus interface IC checks for the end of a start
bit and waits until the end of a start bit occurs in block
612 before falling through to block 614 to clock the user
microprocessor which is not shown in the subject appli-
cation, but which is shown and illustrated in the co-
pending patent applications. The clock of the user mi-
croprocessor is done via the SCK line which is also
more fully explained in the co-pending patent applica-
tions.

Next, the bus interface IC falls through to block 616
and, on the rising edge of the SCK signal, pulls the data
from the user microprocessor. Next, the user micro-
processor puts the data on the bus 26 depending on the
possible blocking operation by the arbitration or colli-
sion detectors 42 and 44, respectively. This is done in
block 618.

Next, on the falling edge of an SCK signal, the user
microprocessor in block 620 latches the data into the
user microprocessor and falls through the decision
block 622 where it watches for the eighth falling edge
on the SCK signal. If the eighth falling edge has not
occurred, the method calls for the bus interface IC to
return to block 620 to again latch data into the micro-
processor. This continues until the eighth falling edge of
the SCK signal is observed in decision block 622 at
which time the user microprocessor falls through to
block 624 to set the control line to a logical one.
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Next, the } bit time is checked in block 626 and, once
it has been reached, the bus interface IC 24 places a stop
bit on the bus 26. This is shown in block 628.

In block 630, the bus interface IC 24 checks to see
whether the control line has been pulled low. If it has,
the bus interface IC 24 returns to the method beginning
with block 610, after latching the CONTROL line low
in block 636 and waiting for the end of the stop bit in
block 638, and puts a start bit on the bus and sets the
IDLE line equal to one. If the control line has not been
pulled low as checked in block 630, the routine falls
through to block 632 to check to see whether eleven
idle times have occurred. If not, the decision block 630
is re-entered to recheck the control line.

Once eleven idle times have occurred, the routine
falls through to block 634 to set the IDLE line equal to
zero, thus terminating the SPI mode transmission.

Turning now to FIG. 4, the SPI mode is illustrated in
a receive condition.

When the bus interface IC 24 is in the SPI mode, it
must receive data. The bus interface IC 24 begins in
block 640 and falls through to block 642, waiting until a
start bit appears on the bus 26 before setting IDLE=1 in
block 643. The bus interface IC then sets the IDLE line
to a logical one.

The user microprocessor then checks in block 644 to
watch for the end of the start bit and waits until this
occurs before falling through to block 646 to block the
bus interface IC from transmitting while setting the
control line to a logical zero.

Upon the occurrence of the falling edges of the SCK
signal, the user microprocessor in block 648 latches the
data into the user microprocessor. The bus interface IC
24 in block 650 looks for the eighth falling edge of the
SCK signal and repeats the latching of data into the user
microprocessor as called out in block 648 until the
eighth falling edge of the SCK signal occurs. At that
point, the bus interface IC falls through to block 652 to
set the control line to a logical one.

After counting % bit times in decision block 64, the
user microprocessor falls through to block 656 to re-
ceive a stop bit period. Once the end of the stop bit has
been observed in block 658, the bus interface IC 24 falls
through to block 660 to check to see whether there is
another start bit on the bus 26. If there is, the routine
returns to block 644 and repeats the above-described
procedure. If not, the routine fall through to block 662
to watch for the occurrence of ten idle times. Once this
condition occurs, and no other start bit appears on the
bus, the routine falls through to block 64 to set the
IDLE line to zero thereby unblocking the bus interface
IC from accessing the bus 26.

Thus, the SPI mode in the receive condition is termi-
nated.

While the present invention has been disclosed in
connection with the preferred embodiment thereof, it
should be understood that there may be other embodi-
ments which fall within the spirit and scope of the in-
vention and that the invention is susceptible to modifi-
cation, variation and change without departing from the
proper scope or fair meaning of the following claims.

We claim:

1. In a communication system for the transmission of
messages through a data bus between one or more user
microprocessors coupled to the data bus, the user mi-
croprocessors having either a serial communications
interface (SCI) port or a serial peripheral interface
(SPI) port along with a clock port and an input/output
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port, the user microprocessors being coupled t the data
bus by a bus interface integrated circuit, a method of
transmitting data in an SP mode of operation compris-
ing:

a bit-wise contention and a deterministic priority
access method to (a) resolve contentions among
user microprocessors that try to send messages at
the same time and to (b) synchronize each data byte
and to (c) allow the priority of an ID byte of the
message to determine which of a plurality of mes-
sages will be sent first in the case of a contention,
the determination of which user microprocessor
transmits first being made without losing bus time
when contention occurs; and

checking to see whether the data bus is idle, waiting
if it is not;

waiting for the bus to be idle for 2-bit times;

placing a start bit on the data bus;

waiting until the end of the start bit;

closing the user microprocessor;

pulling data from the user microprocessor;

placing the data from the user microprocessor onto
the bus depending on a possible block from bit-wise
contention and deterministic priority access
method utilized by the bus interface IC;

latching the data back into the user microprocessor;

waiting for the eighth falling edge of a clock signal;

waiting for the occurrence of } bit time;

placing a stop bit on the data bus;

checking to see whether the user microprocessor
wishes to transmit another byte;

if the user microprocessor does not wish to transmit
another byte, waiting for the occurrence of eleven
idle times, and making another check to see

- whether the user microprocessor wishes to put
more data on the data bus; and

if the user microprocessor wishes to transmit another
byte, return to repeat the previous steps to transmit
the data beginning with the step of checking to see
whether the data bus is idle.

2. In a communication system for the transmission of
messages through a data bus between one or more mi- _
croprocessors coupled to the. data bus, the user micro-
processors having either a serial communications inter-
face (SCI) port or a serial peripheral interface (SPI)
port along with a clock port and an input/output port,
the user microprocessor being coupled to the data bus
by a bus interface integrated circuit, 2 method of receiv-
ing data in an SPI mode of operation comprising:

a bit-wise contention and a deterministic priority
access method to (a) resolve contentions among
user microprocessors that try to send messages at
the same time and to (b) synchronize each data byte
and to (c) allow the priority of an ID byte of the
message to determine which of a plurality of mes-
sages will be sent first in the case of a contention,
the determination of which user microprocessor
transmits first being made without losing bus time
when contention occurs; and

watching for a start bit to appear on the data bus;

waiting until the end of the start bit once a start bit
appears on the bus;

signaling the bit-wise contention and deterministic
priority access method to lock the bus interface IC
from transmitting; ’

latching data into the user microprocessor;

waiting for the eighth falling edge of the clock signal
and then counting 2-bit times;
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receiving a stop bit on _the data bus and waiting for the data bus and signaling the bit-wise contention
the end of the stop bit to occur;
checking for the occurrence of another start bit on and deterministic priority access method to unlock

the data bus, repeating the previous steps to latch in . .
more data if another start bit is on the data bus; 5 the bus interface IC from transmitting data.
* & % *x =

waiting ten idle times if there is no other start bit on
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