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CAPITULO |

1.1- Introduccioén

La electronica en la actualidad es un pilar fundamental para la humanidad, ya que
estd implicita en casi todas las actividades que desarrollamos, incluso en las
sociales, sin embargo la electronica desde sus origenes hasta hoy en dia ha
jugado un papel muy importante y casi fundamental en el desarrollo de las
empresas, y por lo tanto en la economia. Pero, como se ha logrado esto? ;
simplemente por la evolucién de la misma electronica desde sus origenes, hasta
llegar a los sistemas de control y automatizacibn mas complejos que en un nivel
industrial, nos sirven en diversas areas y tienen muchas ventajas como mejorar un
proceso, 0 evitar accidentes, mejor produccion , optimizacion peor sobre todo la
seguridad que nos proporciona la automatizacion.

Sin embargo con la automatizacion y la demanda de nuevos sistemas para el
control de los equipos electromecénicos con los que se manejaban casi todas las
industrias a nivel mundial fue un reto para la electrénica de potencia, por lo que se
tuvo que incursionar en nuevos procesos, en la miniaturizacion de los dispositivos
electronicos y en la optimizacion de la energia ; sin embargo la energia eléctrica
por su propia naturaleza tiende a tener disturbios o arménicos que incluyeron un
nuevo reto a los sistemas de automatizacion y proteccion, ya que se busca alta
calidad en cualquiera de los procesos industriales o incluso domeésticos.

Los disturbios eléctricos merman la calidad de la energia eléctrica y se clasifican
por su tipo y duracion y existen estandares para clasificarlos.

Debido a esto se han buscado técnicas para censar estos disturbios eléctricos
para reducir dafios al equipo y o al personal que lo opere , asi como obtener una
mejor calidad y eficiencia de la energia eléctrica, ya que estos armonicos, 0
disturbios afectan a los sistemas electrénicos sensibles, o controladores;
censando en todo esto se desarrollo lo que conocemos coloquialmente como DVR
o regulador dinamico de voltaje que es una solucién para la mitigaciéon de los
disturbios de voltaje tipo SAG y SWELL, y se combina con diversas técnicas y
algoritmos varios para la mitigacion de estos disturbios eléctricos.

Es por eso que en este proyecto nos enfocaremos a lo que la electronica ha
logrado desarrollar para este tipo de sistemas y se busca implementar un sistema
de proteccién, y como su nombre lo dice nos sirve para proteger o aislar equipos o
dispositivos como medida de proteccion, o en este caso también para poder medir
y registrar las distorsiones que ingresan al sistema el cual el DVR se encargara de
mitigar, sin embargo para obtener una grafica cuantificable con datos y parametros
gue se puedan utilizar para localizar estas distorsiones y corregirlas, ya que a
veces es tan rapido el disturbio que el DVR no alcanza a localizarlo y brinca su
tiempo de trabajo, por lo que el proceso de localizaciéon y discriminacion se
complica.




El DVR es un dispositivo el cual se ve disminuido o potencializado por el esquema
de censado que es al final de cuentas es el que informa al sistema de control de
las condiciones en que se esta llevando el proceso de correccién o mitigacion de
disturbios de energia eléctrica, y por supuesto el sistema de proteccion que
protege al DVR de cualquier incidente que pudiera ocurrir en el desarrollo de la
operacion. Uno de los problemas importantes en la operacion del DVR es la
capacidad que tiene el DVR para identificar el instante en que el evento ocurre y
entra en operacion, pero también cuando el evento ya desaparecié de la red y el
DVR debe dejar de operar, este proceso de discriminacion es un proceso dificil de
identificar por la velocidad con la que los eventos ocurren o se mezclan con ruido
u otras fallas en linea.

1.2- Justificacion

Para que el sistema de control de restauracion funcione eficientemente, es
importante que los dispositivos a utilizar, tales como los sensores sean los mas
adecuados en relacion al tipo, funcién, dimensionamiento y acondicionamiento de
estos, se propone disefar , seleccionar e implementar los sistemas de censado y
protecciones en el DVR de cualquier incidente que pudiera existir en el desarrollo
de la operacion, todo esto para que se llegue a la correccion de disturbios tipo
SAG y SWELL en la red de energia eléctrica, pudiendo discriminar estos eventos
en la red y proteger de cualquier falla producida en la operacion que se lleve a
cabo tanto interno como externo.

1.3-Objetivos

1.3.1 Objetivo General

Disefiar e implementar la instrumentacion y proteccion de un DVR, basado en
sensores analdgicos y digitales emergentes.

1.3.2 Objetivos Especificos

Definir la instrumentacién y el tipo de proteccién a utilizar.

Seleccionar los tipos de sensores electronicos a utilizar.

Dimensionar y acondicionar las caracteristicas de las protecciones
requeridas para una operacion segura.

4. Implementar la instrumentacion electrénica y protecciones en software para
simulacion por medio de un microcontrolador.
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CAPITULO Il

2.1- Alcances y limitaciones

En la realizacion de este proyecto se pretende implementar un prototipo utilizando
sensores especificos para obtener su comportamiento en una grafica o mapeo
utilizando un software disefiado para esa tarea, para poder identificar y analizar el
comportamiento de la corriente como medio de instrumentacidn para la proteccion
de un DVR.

Las primeras pruebas que se llevaron a cabo en la realizacion del proyecto, se
llevaron a cabo con dispositivos electronicos discretos para la simulacion de los
sensores, posteriormente, se anexaron los sensores con los cuales se va a
trabajar en el prototipo final.

Asi mismo por la aplicacion del prototipo como, una base general la etapa de
proteccion adjunta posterior a la instrumentacion sera descrita de manera tedrica,
por los recursos y la extension en la investigacion y el desarrollo del software.




CAPITULO 1l

3.1- Marco Tedrico.

3.1.1 Sensores.

Cualquiera que sea el sistema de medicion de energia, debe tener elementos
sensores de corriente y de voltaje. El sensor de corriente convierte la magnitud de
corriente de un alinea de distribucion, a un nivel de corriente o voltaje directamente
equivalente. El sensor de corriente requiere de un rango dindmico extenso de
medicion, sino también necesita manejar un rango de frecuencia de acuerdo al
sistema de medicion desarrollado.

3.1.1.1 Sensor de Corriente ALLEGRO ACS712 de 30A y 20A.

El sensor ACS712 de Allegro, es un sensor de corriente por efecto hall, que
provee una solucidn econdmicas y precisas para el censado de corriente AC y
DC, ya sea en el ambiente industrial o comercial. Este sensor funciona
transformando un campo magnético surgido del paso de corriente por un alambre
de cobre interno en el sensor, y convirtiendo este campo en un voltaje variable.

Esto significa que a mayor cantidad de corriente que tengamos, mayor voltaje
vamos a tener en un pin. Este sensor viene en 3 modelos diferentes pero nosotros
utilizaremos solo dos, el ACS712ELCTR-20A-T y el ACS712ELCTR-30A-T. La
diferencia entre cada uno de los modelos es que las variaciones de voltaje en su
pin de salida es siempre la misma, por ende para cualquier modelo su salida
analdgica varara entre 0 y 5v dandonos una mejor precision en el modelo de 5A
que en el de 30A.

El paquete del dispositivo permite una facil implementacion por el usuario. Las
aplicaciones tipicas incluyen el control de motor, detecciobn de carga Yy
administracion, el modo de SWITCHES de las fuentes de poder, y proteccion por
fallas de sobre corriente.

La salida del dispositivo cuenta con bucle (>Viot(q)).

Cuando una corriente creciente fluye a través de la pista de conduccion primaria
(desde los pines 1 y 2 a los pines 3 y 4), que es la pista utilizada para censar la
corriente. La resistencia interna de esta pista conductora es de 1.2mohm
tipicamente, otorgando una baja perdida de voltaje.

El ajuste del conductor de cobre permite que el periodo de vida del dispositivo se
extienda a condiciones de 5 x sobre corriente. Las terminales de la pista de
conduccion estan eléctricamente aisladas de las carga del sensor (pin 5 a través
del 8) esto permite que el sensor de corriente pueda ser usado en aplicaciones




gue requieran aislamiento eléctrico sin el uso de opto aisladores u otras técnicas
de aislamiento costosas.

1P+ [1] (8] vce
P+ [2] (7] viouT
IP—[3] (6] FILTER
IP— [4] (5] GND

Figura 3.1 Sensor de corriente dibujo esquematico de pines.

3.3.1.2 Definicion de las caracteristicas de respuesta dinamica.

Retardo de propagacion (tpop) €l tiempo requerido por el sensor para reflejar un
cambio en la sefial de corriente primaria. El retardo de propagacion es atribuido a
la carga inductiva sin el empaquetado IC linear, asi como el bucle inductivo
formado por el conductor geométrico primario. El retardo de propagacion puede
ser considerado como el tiempo compuesto de offset y puede ser compensado.

Tiempo de Respuesta (lresponse) €l intervalo de tiempo entre:

a) Cuando la sefial de corriente primara alcanza el 90% de su valor final y
b) Cuando el sensor alcanza el 90% de su salida correspondiente a la corriente
aplicada.

+5V

Uips VCC

P+ VIOUT ——o0 Cave
0.1 pF
lp ACST12 L

jp_ FILTER

3
=]
q'CC
9

4%
o

IP- GND ] 1nF

Figura 3.2 Diagrama de funcionamiento interno del sensor Allegro.




Tiempo de crecida o de aumento (Tt) el intervalo de tiempo entre:

a) Cuando el sensor alcanza el 10% del valor de su escala maxima y

b) Cuando alcanza el 90% del valor de su escala completa. El tiempo de
incremento a un paso de respuesta es usado para derivar el ancho de
banda de la corriente del sensor, en el que la integral de -3db-0.35/Tt
ambas Tt y Tresponse son dramaticamente afectadas por las pérdidas de

corriente observadas en los pines de tierra conductivos del IC.

3.1.1.3 Caracteristicas técnicas.

Numero de piezas IP(A) Sensibilidad (Typ) (mV/A)
ACS712ELCTR-20A-T +20 100
ACS712ELCTR-30A-T +30 66

Sensor de 20A

Sensor de 30A

Figura 3.3 ilustraciones de los sensores de 20y 30 a

Especificaciones del sensor de 20A y 30A.

Version x05B (20 Amp)
Bajo ruido

El ancho de banda del dispositivo es seleccionado via el pin FILTER
Tiempo de respuesta de 5us ante cambios en la corriente.

Ancho de banda de 80kHz
Error de salida de 1.5% a 25°C
1.2mOhm de resistencia interna.
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IP—
(Pin 3)

IP—
(Pir 4)

2.1 kVRMS de aislamiento de voltaje entre los pines 1-4 y los pines 5-8

5.0 VDC de alimentacion.

Sensibilidad de 66 a 185 mV/A

Salida de voltaje proporcional a la corriente censada (AC o DC)

Extremadamente estable.

Histéresis magnética casi nula.

Salida radiométrica

MBLETH
P4

JPL

ME1L-SMTS0-256-ET

PCOM-B832,0868 3,808 4

JP2

MB1-SMTSO0r266-ET

JPS
MBLPTH

Figura 3.4 Diagrama esquematico del sensor de 20a 'y 30a
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Figura 3.5 Diagrama de bloque funcional del sensor de 20a y 30a
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3.1.1.4 conexiones

ACS712

e

Mesure

Figura 3.6 Diagrama de conexion Shield Allegro/Arduino

3.1.1.5 LTC1966FB Sensor Convertidor RMS-DC

Es un convertidor que utiliza una técnica computacional novedosa patentada delta
sigma. La circuiteria interna delta sigma del Itc1966 lo hace simple de usar, mas
preciso, menos consumo de poder y dramaticamente mas flexible que los
convertidores rms-dc convencionales.

El 1tc1966 acepta entradas de una sola terminacion o sefales diferenciales. A
diferencia de los anteriores rms-dc convertidores disponibles, la linealidad superior
del ltc permite una calibracion libre a cualquier entrada de voltaje.

TOP VIEW

GND 1o 18 ENABLE

INT 20 17 Vpp
IN2 3] 16 OUTRTN

Vgs 40 15 Vour

M58 PACKAGE
8-LEAD PLASTIC MSOP

Tamax = 150°C, 6 = 220°C/W

Figura 3.7 Convertidor RMS-DC

11




Vpp to GND -0.3Vto 7V

Vpp 10 Vg -0.3V to 12V

Input Currents (Note 2) * 10Ma

Vss to GND -7V 10 0.3V

Output Current (Note 3) * 10Ma

ENABLE Voltage Vss -0.3V10 Vs +
12v

OUT RTN Voltage Vss -0.3Vto Vpp

Operating Temperature Range (Note 4)

LTC1966C/LTC1966I -40°C to 85°C
LTC1966H -40°C to 125°C
LTC1966MP -55°C to 125°C

Specified Temperature Range (Note 5)

LTC1966C/LTC1966I -40°C to 85°C
LTC1966H -40°C to 125°C
LTC1966MP -55°C to 125°C
Maximum Junction Temperature 150°C
Storage Temperature Range 65°C to 150°C
Lead Temperature (Soldering, 10 300°C

Sec)

3.1.1.5.1 Funcionamiento de los pines.

Funciones de los pines

Gnd (pinl): tierra
IN1 (PIN2): entrada diferencial. Acoplamiento DC, (la polaridad es irrelevante)
IN2 (PIN3) : entrada diferencial, acoplamiento DC( la polaridad es irrelevante)

Vss(PIN4): alimentacion de voltaje negativa. GND a -5-5V.




Vout (PIN5): salida de voltaje. Esta es de alta impedancia. El promedio RMS se
cumple con la implementacién de un capacitor de este nodo al OUT RTN. La
funcién de transferencia esta dada por:

(Vout — OUT RTN) = sqgr(Average(IN2-IN1)"2)

OUT RTN (PIN 6): retorno de salida. La salida de voltaje es creada relativamente a
este pin. Los pines Vout y OUT RTN no esta balanceados y este pin debe ser
ajustado a una baja impedancia, en ambas AC y DC. Ademas es fisicamente
enlazado a GND, pero puede ser enlazado a cualquier voltaje arbitrario, Vss<OUT
RTN<(VDD- Max Output). Los mejores resultados son obtenidos cuando OUT
RTN=GND.

VDD (PIN7): alimentacion de voltaje positiva. 2.7V a 5.5V.

ENABLE (PIN 8): para una operacion normal ponga a tierra o a un cero légico
incluso a Vss.

Definicion RMS.

La amplitud rms es la constante, aplicable y estandar manera de medir y de
comparar sefiales dinAmicas de todos los tamafios y formas, en estado simple, la
amplitud rms es el potencial de calentamiento de una sefial de onda dinamica.
1vrms de onda AC generara el mismo calor en una carga resistiva asi como lvdc.
Matematicamente el voltaje rms es el resultado de la raiz cuadrada del voltaje
elevado al cuadrado.

Alternativas del RMS.

Otras formas de cuantificar las ondas dinamicas incluyen la deteccion de picos de
voltaje y su rectificacién promedio, en ambos casos un resultado promedio de dc,
pero el valor solo es acerado al elegir el tipo de onda al cual esta calibrado,
tipicamente son ondas senoidales.

3.1.1.6 Como Opera un Convertidor RMS-CD

Los convertidores monoliticos RMS-DC utilizan una computacion implicita para
calcular el valor rms de una sefal de entrada.

La construccion fundamental de este bloque es un divisor/multiplicador analogico,
como se muestra en la figura. El analisis de esta topologia es sencillo y comienza
al identificar las entradas y las salidas del filtro pasa bajos. La entrada del filtro
pasa bajos es el célculo resultale del multiplicador/divisor, el filtro pasa bajos
tomara el promedio de esto para generar la salida.
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Figura 3.8 Topologia del LTC1966.

3.1.1.7 Como opera el LTC1966.

El Ltc1966 es una topologia nueva para a conversion de rms a dc en el que delta
sigma actian como modulador del divisor, y un simple SWITCH de polaridad es
utilizado como el multiplicador.

El modulador delta sigma contiene una salida de un solo bit que promedia el ciclo
de trabajo y sera proporcional al rango de la sefial de entrada dividida con la
salida, el delta sigma es un modulador de segundo orden con una linealidad
excelente, la salia de n solo bit es utilizada selectivamente para combinar o invertir
la sefial de entrada, una vez mas este es n circuito con una linealidad excelente,
porque pera solamente a dos puntos a ganancia +-1, la multiplicacién promedio
efectiva sera en la linea recta entre estos dos puntos, la combinacién de esos dos
elementos nuevamente tendran un filtro pasa bajos en la sefial de entrada
proporcional que, como se muestra arriba resulta en la conversioén rms-dc.

El filtro pasa bajos realiza el promedio de la funcion rms y debe ser una esquina
de baja frecuencia que la méas baja frecuencia de interés, para mediciones de
frecuencia linear el filtro es simplemente muy grande para ser implementado en un
chip, pero el ltc solo necesita un capacitor en la salida para implementar el filtro
pasa bajos, el usuario puede seleccionar este capacitor dependiendo del rango de
frecuencia y los requerimientos de ajuste de tiempo.

3.1.2 Linealidad de un convertidor RMS DC

La linealidad puede ser como una propiedad basica para un dispositivo que
implementa una funcién que incluye dos procesos no lineales. Como sea un
convertidor rms-dc tiene una funcion de transferencia rms volts a dc volts de
salida, que idealmente deben tener una funcion de transferencia 1:1.

14




Una vista mas completa a la linealidad utiliza el modelo mas simple mostrado
abajo, ahi un ndcleo ideal rms que esta corrompido por ambas circuiterias de
entrada y de salida que contienen funciones de transferencia incorrectas, como se
puede notar el offset de entrada es introducido en la circuiteria de entrada,
mientras el offset de salida esta introducido en la circuiteria de salida.

NPUT CIRCUITRY DEAL OUTPUT CIRCUITRY
INPUT —] * Vs AMES-TO-DC Vs
« INPUT NORLINEARITY CONVERTER » DUTPUT NONLINEARITY

L 3

— OILTPUT

Figura 3.9 Linealidad de un convertidor RMS DC

Cualquier no linealidad que ocurra en la circuiteria de salida corrompe la salida de
la funcion de transferencia RMS-DC, una no linealidad en la funcion de entrada
tipicamente corromperan la funcion de transferencia aun mas, simplemente
porque una entrada AC, la conversion RMS a DC tendra una o linealidad promedio
de todo un rango de valores de entrada juntos.

Pero la entrada no lineal aun causara problemas en un convertidor RMS-DC
porque corrompera la precision conforme la forma de la sefial de entrada cambie,
asi mismo un convertidor rms-dc convertir4 cualquier onda de entrada a una salida
dc, la precisién no es necesaria para todas las formas de onda.

3.1.3 Arduino

El Arduino es una plataforma de desarrollo de codigo abierto, basada en una
tarjeta con entradas y salidas, y un entorno de programacion que implementa el
lenguaje Processing/Wiring. Arduino puede ser utilizado para desarrollar objetos
auténomos interactivos o puede ser conectado con el software de la computadora
(por ejemplo, Flash, Processing, MaxMSP). El IDE de cddigo abierto puede ser
descargado de forma gratuita para Mac OS X, Windows y Linux.

El Arduino Mega es una tarjeta de desarrollo basada en el ATmega2560. Tiene 54
pines de entrada/salida digital (de los cuales 14 pueden ser usados como salidas
de PWM), 16 entradas analogicas, 4 UARTs (puertos seriales), un oscilador de
cristal de 16 MHz, una conexiéon USB, un conector de alimentacion, un conector
para ICSP, y un boton de reinicio. Contiene todo lo necesario para usar el
microcontrolador, basta con conectarlo a un ordenador con un cable USB o
energizarlo con una fuente de poder o bateria para comenzar a usarlo.
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El Arduino Mega es compatible con la mayoria de los shields disefiados para el
Arduino Duemilanove o Diecimila.

El Arduino Mega 2560 R3 también afiade pines SDA y SCL al lado del pin AREF.
Ademas, hay dos nuevos pines colocados cerca del pin de RESET. Uno de ellos
es el IOREF que permiten que los shields se adapten al voltaje suministrado
desde la tarjeta. El otro es uno que no estd conectado reservado para usos
futuros. El arduino Mega 2560 R3 trabaja con todos los shields existentes y se
puede adaptar a nuevos shields que utilizan estos pines adicionales.

L!.-'e

H b
PoTXems
, Cma RXVES

i

o e

. unh
L -n

L
L]

WWW.ARDUINO.CC

#

Figura 3.10 Arduino Mega

3.1.3.1 Caracteristicas:

e Microcontrolador ATmega2560

e Operacién del voltaje 5V

e Voltaje de entrada 7-12 V

e 54 pines de entrada-salida digital (14 de los cuales se pueden usar como
salida de PWM)

e 16 puertos analégicos

« Memoria Flash de 256 KB

« SRAM 8KB

« EEPROM 4KB

16
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3.11 Descripcion de puertos y funciones Arduino Mega

Para entender mejor el comportamiento del Arduino hay que saber primero que es
un Arduino. El Arduino es una plataforma de prototipos electrénica de cddigo
abierto (open-source) basada en hardware y software flexibles y faciles de usar.
Esta pensado para artistas, disefiadores, como hobby y para cualquiera interesado
en crear objetos o entornos interactivos.

El microcontrolador de la placa se programa usando el <<Arduino Programming
Language>> (basadoen Wiringl) y el <<Arduino Development Environment>>
(basado en Processing2). Los proyectos de Arduino pueden ser autbnomos o se
pueden comunicar con software en ejecucion en un ordenador (por ejemplo con
Flash, Processing, MaxMSP, etc.).

Las placas se pueden ensamblar a mano o encargarlas preensambladas; el
software se puede descargar gratuitamente. Los disefios de referencia del
hardware (archivos CAD) estan disponibles bajo licencia open-source, por lo que
eres libre de adaptarlas a tus necesidades. Arduino recibié una mencion honorifica
en la seccién Digital Communities del Ars electrénica Prix en 2006.

Hay muchos otros microcontroladores y plataformas microcontroladoras
disponibles para computacion fisica. Parallax Basic Stamp, Netmedia's BX-24,
Phidgets, MIT's Handyboard, y muchas otras ofertas de funcionalidad similar.
Todas estas herramientas toman los desordenados detalles de la programacion de
microcontrolador y la encierran en un paquete facil de usar. Arduino también
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simplifica el proceso de trabajo con microcontroladores, pero ofrece algunas
ventajas para profesores, estudiantes interesados sobre otros sistemas como:

>

Barato: Las placas Arduino son relativamente baratas comparadas con
otras plataformas microcontroladoras. La version menos cara del modulo
Arduino puede ser ensamblada a mano, e incluso los modulos de Arduino
preensamblados cuestan menos de $50.

Multiplataforma: El software de Arduino se ejecuta en sistemas operativos
Windows, Macintosh OSX y GNU/Linux. La mayoria de los sistemas
microcontroladores estan limitados a Windows.

Entorno de programacion simple y claro: El entorno de programacion de
Arduino es facil de usar para principiantes, pero suficientemente flexible
para que usuarios avanzados puedan aprovecharlo también. Para
profesores, esta convenientemente basado en el entorno de programacion
Processing, de manera que estudiantes aprendiendo a programar en ese
entorno estaran familiarizados con el aspecto y la imagen de Arduino.

Caodigo abierto y software extensible: El software Arduino esta publicado
como herramientas de coédigo abierto, disponible para extension por
programadores experimentados. El lenguaje puede ser expandido mediante
librerias C++, y la gente que quiera entender los detalles técnicos pueden
hacer el salto desde Arduino a la programacién en lenguaje AVR C en el
cual estd basado. De forma similar, puedes afadir codigo AVR-C
directamente en tus programas Arduino si quieres.

Cédigo abierto y hardware extensible: ElI Arduino esta basado en
microcontroladores ATMEGA8 y ATMEGA168 de Atmel. Los planos para
los médulos estan publicados bajo licencia Creative Commons, por lo que
disefiadores experimentados de circuitos pueden hacer su propia version
del médulo, extendiéndolo y mejorandolo. Incluso usuarios relativamente
inexpertos pueden construir la version de la placa del médulo para entender
como funciona y ahorrar dinero.

3.1.3.2 Hardware.

Hay multiples versiones de la placa Arduino. La mayoria usan el ATmegal68 de
Atmel, mientras que las placas mas antiguas usan el ATmega8.
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Placas E/S

>

Diecimila: Esta es la placa Arduino mas popular. Se conecta al ordenador
con un cable estandar USB y contiene todo lo que necesitas para
programar y usar la placa. Puede ser ampliada con variedad de
dispositivos: placas hijas con caracteristicas especificas.

Nano: Una placa compacta disefiada para uso como tabla de pruebas, el
Nano se conecta al ordenador usando un cable USB Mini-B.

Bluetooth: EI Arduino BT contiene un modulo bluetooth que permite
comunicaciéon y programacion sin cables. Es compatible con los dispositivos
Arduino.

LilyPad: Disefiada para <<aplicaciones listas para llevar>>, esta placa
puede ser conectada en fabrica, y un estilo sublime.

Mini: Esta es la placa mas pequefa de Arduino. Trabaja bien en tabla de
pruebas o para aplicaciones en las que prima el espacio. Se conecta al
ordenador usando el cable Mini USB.

Serial: Es una placa basica que usa RS232 como un interfaz con el
ordenador para programacién y comunicacion. Esta placa es facil de
ensamblar incluso como ejercicio de aprendizaje.

Serial Single Sided: Esta placa estd disefiada para ser grabada y
ensamblada a mano. Es ligeramente més grande que la Diecimila, pero aun
compatible con los dispositivos.

3.1.3.3 Comunicacion.

El Arduino Diecimila tiene un niumero de infraestructuras para comunicarse con un
ordenador, otro Arduino, u otros microcontroladores. ElI ATmegal68 provee
comunicacién serie UART TTL (5 V), la cual esta disponible en los pines digitales
0 (Rx) y 1 (Tx). Un FTDI FT232RL en la placa canaliza esta comunicacion serie al
USB vy los drivers FTDI (incluidos con el software Arduino) proporcionan un puerto
de comunicacion virtual al software del ordenador. El software Arduino incluye un
monitor serie que permite a datos de texto simple ser enviados a y desde la placa
Arduino.

Una libreria SoftwareSerial 7 permite comunicacion serie en cualquiera de los
pines digitales del Diecimila.
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El ATmegal68 también soporta comunicacion 12C (TWI) y SPI. El software
Arduino incluye una libreria Wire para simplificar el uso del bus 12C8. Para usar la
comunicacion SPI, consultar el esquema del ATmegal68.

3.1.3.4 Programacion.

El Arduino Diecimila puede ser programado con el software Arduino. El
ATmegal68 del Arduino Diecimila viene con un bootloader pregrabado que te
permite subirle nuevo codigo sin usar un programador hardware externo. Se
comunica usando el protocolo original STK500.

También puedes saltar el bootloader y programar el ATmegal68 a través de la
cabecera ICSP (In-Circuit Serial Programming).

Reseteo Automatico (Software)

En lugar de requerir una pulsacion fisica del boton de reset antes de una subida, el
Arduino Diecimila esta disefiado de forma que permite ser reseteado por software
en ejecucién en una computadora conectada. Una de las lineas de control de flujo
de hardware (DTR) del FT232RL esta conectada a la linea de reset del
ATmegal68 a través de un condensador de 100 nF. Cuando esta linea toma el
valor LOW, la linea reset se mantiene el tiempo suficiente para resetear el chip. La
version 0009 del software Arduino usa esta capacidad para permitirte cargar
codigo simplemente presionando el boton upload en el entorno Arduino.

Esto significa que el bootloader puede tener un tiempo de espera mas corto,
mientras la bajada del DTR puede ser coordinada correctamente con el comienzo
de la subida.

3.1.3.5 Obtener una placa ARDUINO y un cable.

El Arduino Mega es una placa que contiene todo lo que necesitas para empezar a
trabajar con electrénica y programacion de microcontrolador. También necesitas
un cable USB estandar (del tipo que conectarias a una impresora USB, por
ejemplo).
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Figura 3.12. Descripcion de componentes de la placa ARDUINO
MEGA.

3.1.4 Sensor de Voltaje Pico

La principal limitacion de los diodos de silicio es que no son capaces de rectificar
voltajes por debajo de 0.6v. Siempre que haya voltajes de entrada positivos de
producira un voltaje de salida, aun cuando dichos voltajes estén por debajo de
0.6v . Los circuitos rectificadores de media onda transmiten solamente la mitad de
un ciclo de una sefial y elimina el otro, al limitar su salida a cero volts. La mitad del
ciclo que si se transmite puede estar invertida o no.

Ademas de servir para rectificar de manera precisa una sefial, diodos y
amplificadores operacionales se conectan para construir circuitos detectores de
pico. Este tipo de circuitos sigue los picos de voltaje de una sefial y almacena en
un capacitor el valor maximo que se haya alcanzado (durante un tiempo casi
indefinido). Cuando llega una sefial pico mayor, se almacena este nuevo valor. El
voltaje de pico mas elevado se almacena hasta que se produce la descarga del
capacitor por medio de un interruptor mecénico o electrénico. A este circuito
detector de pico también se le conoce como circuito seguidor o retenedor o
seguidor de pico. Vemos también que al invertir los diodos en este circuito se
obtiene en vez de un seguidor de pico, un seguidor de valle.
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Figura 3.13 Diagrama ilustrativo del funcionamiento de un sensor
de voltaje pico

3.2.-Desarrollo del proyecto

3.2.1 Descripcion del sistema.

El sistema realizado de instrumentacion y proteccion del restaurador dinamico de
voltaje estd formado por dos partes principales, hardware y software. Donde la
parte del software contiene la parte de programacion del Arduino que sirve para
gue se pueda registrar y desplegar los datos en tiempo real en forma de graficas
en la computadora. El hardware es la parte donde podemos encontrar el circuito
gue nos representa el control para el monitoreo y el calculo de energia, en el cual
se llevan a cabo los calculos de medicion, esto para que junto al software se esté
verificando que la energia de entrada no se dispare y si este llegara a pasar, el
sistema se encargara de bloquear la carga de entrada para que no dafie el
dispositivo que se maneje.

3.2.2 Procedimiento y descripcion de las actividades realizadas.

En esta etapa del proyecto después de haber dado a conocer las bases tedricas
del Regulador Dinamico de Voltaje y las bases tedricas necesarias para la
comprension del sistema de regulacién de voltaje e instrumentacion del mismo
que es el objetivo general a lograr, se daran a conocer la metodologia donde
podremos saber especificamente que es lo que se realizara para poder cumplir
con la finalidad del proyecto. Describiendo cada pas6 de la manera mas breve en
gue fue realizada hasta concluirla.
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3.2.4 Pasos de como se llevo a cabo el prototipo.

1. Para comenzar a trabajar con el proyecto lo primero que se realizo fue un
analisis para saber si, al meter un sensores de corrientes con una entrada
alta como 20 o 30 amperes, se lograra reducir el voltaje q circulara ya que
estaria pasando un voltaje de corriente alterna la cual queremos pasar a
un nivel de tension inferior por lo cual usamos un transformador de 120 A a
12V para poder llevar a cabo dicha accion. Después de bajarlo a un volate
considerado lo que se proseguiria es meter dicha sefial de entrada al
arduino para que este mediante una programacion que se ejecutara en una
PC se pueda monitorear la entrada de voltaje q esta recibiendo el Arduino.

Pero no solo eso, también por medio de un sensor de Vrms checar el
voltaje que estdbamos recibiendo de entrada y del integrado en Vrms para
poder comparar las diferencias al igual que el voltaje que nos
proporcionaba pico a pico, todo esto con la finalidad de poder saber como
estaba funcionado el voltaje que estdbamos recibiendo en parametros
distinto con un determinado valor de Amperaje. Todo esto se llevaria a cabo
con la finalidad de que al momento de que algo fallara en el sistema y
entrara un voltaje total de corriente alterna el programa pudiera detectarlo y
bloquear el circuito abriéndolo para que la energia que circula no pueda
pasar y perjudicar el sistema que se trabaje.

. Carga .
GRAFICA
IAC
Sensor I(rms Convertidor | 'DC T
de i ms-dc
corriente
—  ARDUINO

VAC
Convertidor

ms-dc E VDC

Figura 3.14 Disefo de bloques del prototipo
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2. Desde que se empez0 hacer un bosquejo del cto. Que se queria hacer se
eligio el microcontrolador con el que se queria trabajar, que fue el Arduino
mega, y se decidié que con base a este se haria la programacion para la
proteccion.

3. Se empez6 con las investigaciones sobre los tipos de sensores que podrian
servirnos para nuestro proyecto, se analizaron las caracteristicas de ellos y
se opto por decidir que se trabajaria con sensores de corriente para el
suministro de entrada, un integrado para que nos pudiera proporcionar el
Vrms a Dc y otra aplicacién que nos permitiera ver el voltaje pico a pico que
manejaba. Todo esto con la finalidad que se pudiera ver el comportamiento
de la corriente.

4. Una vez elegido los sensores que se utlizaron para el dispositivo
electrénico, se empezaron a valorar las caracteristicas especificas de cada
sensor ya que con estos parametros importantes lograriamos elegir una
delimitacidon de el rango que se quiere manejar para proteger el sistema, ya
gue gracias al conocer la importancia de cada sensor, su funcionamientos
especificos, solo de esa manera se podria delimitar esa parte importante y
fundamental para el dispositivo.

5. Cuando se obtuvieron las caracteristicas especificas de los sensores se
prosiguié a la elaboracién de la programacién como se observara mas
adelante y con su explicacion en cada parte de ella.

6. Alfinalizar con el programa se llevo a cabo las pruebas para corroborar con
el funcionamiento que deberia hacer el sensor esto con la finalidad que
pudiéramos saber el comportamiento de la corriente que se estaba
suministrando y la variacién que hacia en cada sensor para el voltaje.

7. Una vez corroborado que cada sensor ejecutaba su funcién correctamente
se hizo la implementacion para checar que el funcionamiento conjunto
funcionara de la misma manera sin ningun problema, se tuvieron
complicaciones pero al final se pudo obtener los resultados finales que se
queria, que fue el monitoreo de las sefales que entraban como las de
salida.

8. Con la implementacion del software se pudo monitorear mediante las
graficas las sefiales diferentes con las que se hicieron las pruebas. El
circuito que se observa a continuacién es parte del prototipo.
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Figura 3.15 Pista del Prototipo del sensor

Para poder elaborar este dispositivo electronico y la programacién para la
proteccion se estimo el tiempo de 16 semanas, dividiendo el tiempo en pequefas
fracciones para poder trabajar con cada parte del dispositivo y que se le diera la
dedicacion necesaria para que el objetivo se cumpliera.

Actividades Semanas

1(2 3|4 |5|6 |7 (8|9 (10(11|12|13|14|15|16

Investigaciones sobre el
estado de medicion vy
proteccion en equipos DVR.

Seleccionar los sensores
para la proteccion del DVR y
el tpo de programacion que
se realizara .

Disefio y construccién del

dispositivo y el
acondicionamiento de los
sensores seleccionados

para la realizacion de la
programacion

Prueba y medicion de los
sensores por separado y
registro de resultados

Interconexioén de la
instrumentacion electréonica
y prueba de ella.
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3.16 Tiempo estimado para las actividades

Mientras se trabajo con el disefios del prototipo hasta que se finalizo, el trabajo
estuvo supervisado por mi asesor el Ing. José Angel Zepeda Hernandez y se
trabajo en el laboratorio de ingenieria electronica. Los materiales utilizados fueron
proporcionados por mi asesor.

3.2.5 Materiales y dispositivos electronicos

1 Arduino Mega 2560

1 Sensor de corriente ACS712ELCTR-30A-T
1 Sensor de corriente ACS712ELCTR-20A-T
1 Sensor de voltaje pico

1 sensor de voltaje Vrms LTC1966CM58
COMPUTADORA

PROTOBOARS.

VVVVVYVYVYY
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CAPITULO IV

4.1 Programa del prototipo

Después de haber conocido los elementos que se utilizaran para generar este
prototipo, asi como la instalaciéon de la plataforma Arduino y las caracteristicas
principales que se utilizaron como el puerto serial, se procedié a crear un codigo
utilizando la plataforma para enlazarla con C#, donde se genero el software que va
a mostrar los datos censados por el Arduino, en este caso y como se explico en
las limitaciones del proyecto solo se incluyo 1 sensor al Arduino, ya que por falta
de los sensores para su parametrizacion, asi como de tiempo por investigaciones
se opto por la representacion del mismo con un potenciémetro.

void setup()

Serial.begin(115200);
Inicializa();

}

En esta seccion del cédigo se configura el programa y se inicializa el puerto serial,
en lugar de 9200 baudios se configura a 115200 para que la velocidad de
muestreo sea mucho mayor, y se pasa a la funciébn de inicializacion de
parametros.

void loop()
{

Get_Instruccion();

}

En esta seccion del cédigo llamamos al bucle e invocamos a la funcién donde
hace referencia a las instrucciones de lectura y escritura de datos.

int Get_Instruccion()

if(Serial.available())

{

switch(Serial.read())

{
case 'r":
Analog_Read();
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break;

case 's"
Salir();
break;
}
}
}

void Salir()

Inicializa ();

}

En esta seccion del programa, de acuerdo a los pardmetros que se ejecute en ese
momento se lleva a cabo un mend, por asi decirlo, de opciones internas, o una
comparaciéon donde el programa detecta la disponibilidad del puerto serial, para
tomar una accion con respecto a lo que interprete.

void Analog_Read()

{
int resultado = 0;
resultado = analogRead(0);
Serial.write(resultado / 4);

}

En esta seccién es donde el programa lee lo que se esta recibiendo por el puerto
serial configurado y conectado en el pin 0 del Arduino y lo transmite en bits para
ser interpretado por el compilador asociado.

void Inicializa()

{
int caracter[6];
inti=0;
caracter[0] ='s;
caracter[1] ='q’;
caracter[2] = 'u’;

caracter[3] ='a’;
caracter[4] ='r";
caracter[5] ='e’;
while(1)

{
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if(Serial.available())

{

if(Serial.read() == caracter]i])

{
if(i == 5)

Serial.write('a");
break;

.}
i++:
}
}
}

En esta dltima seccion no quiere decir que sea la ultima en leerse, es la funcién de
inicializacion invocada al principio del programa a la cual se establecié un menu
implicito, para facilitar los parametros de decisiones del Arduino con respecto al
compilador y ver las propiedades de lectura del puerto asi como su disponibilidad.

PROGRAMA EN C#

El programa visual se desarrolla en C# ya que es un software de programacion de
alto nivel y muy versatil sobre todo con el Arduino, el programa en si es extenso ya
gue se utilizo la parte visual y la configuracion de cada elemento.

Programa principal para establecer comunicacion con el Arduino.

using System;

using System.Collections.Generic;
using System.Linq;

using System.Text;

using System.lO.Ports;

using System.Windows.Forms;

namespace Practica2_LabDSM

{

class Arduino

{

SerialPort serialPort;
bool ok;

public Arduino(string portname, int bauds)

{
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try

{
serialPort = new SerialPort(portname, bauds);
ok = true;

} |

catch (Exception ex)

{

MessageBox.Show("Error en la asignacion del puerto del arduino. " + ex,
"Error de Inicializacion de Puerto”, MessageBoxButtons.OK,
MessageBoxIcon.Error);
ok = false;
}
}

public bool Inicializa_Comunicacion()
{
if (ok)
{
try
{

if (!serialPort.IsOpen) //Si el puerto esta cerrado
serialPort.Open();

serialPort.ReadTimeout = 95;

serialPort.Write("square");

if (serialPort.ReadChar() == 'a")

{
MessageBox.Show("Comunicacion Establecida”, "Correcto”,
MessageBoxButtons.OK, MessageBoxlcon.Information);

}

return true;
}
catch (Exception ex)

{

MessageBox.Show("Error en la asignacion del puerto del arduino. " +
ex, "Error de Inicializacion de Puerto”, MessageBoxButtons.OK,
MessageBoxIcon.Error);

return false;

}

}

else

{

return false;:

}
}

public void CierraPuerto()

{
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if (serialPort.IsOpen)
serialPort.Close();

}
public void Stop()
if (0k)
{
serialPort.Write("s");
}
}
public int GetLectura()
{
int lectura = -1;
try
{
if (ok)
{

serialPort.Write("r");
lectura = serialPort.ReadChar();
}
}
catch
{
MessageBox.Show("Error Interno al obtener Lectura, la aplicacion se
cerrara”, "Error”, MessageBoxButtons.OK, MessageBoxlcon.Error);
Application.Exit();
}

return lectura;

}

}
}

Programa de enlace entre el cédigo principal y el Form donde se adquieren los
datos y las configuraciones de comunicacién con el Arduino, el software y el
puerto serial, es la ejecucion de los eventos en el Form.

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data,;
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using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;
using System.lO.Ports;

namespace Practica2_LabDSM

{

public partial class Form_Main : Form

{

Arduino arduino = null;
int[] muestreo;

public Form_Main()
{

InitializeComponent();
muestreo = new int[50];

}

private void groupBox_PuertoSerial_Enter(object sender, EventArgs e)

{
}

private void Form_Main_Load(object sender, EventArgs e)

{

serial_combo(this.comboBox_Puertos);
for (inti=0;1<50; i++)

/lthis.chart_Datos.Series[0].Points.Add Y (i);
muestreoli] = 0;

}
}

private void button_Iniciar_Click(object sender, EventArgs e)

{

if (this.comboBox_Puertos.ltems.Count > 0)
{
if (this.comboBox_Puertos.Selectedindex > -1)
{//Si esta seleccionado algun puerto
arduino = new Arduino(this.comboBox_Puertos.Text,

115200);//Inicializamos arduino a 115200 bauds

arduino.Inicializa_Comunicacion();
this.button_Iniciar.Enabled = false;
this.button_Stop.Enabled = true;

33




timer.Enabled = true;
timer.Start();

}
}
}

/IMetodo que primero limpia y despues llena la comboBox pasada como
/Iparametro con los puertos serie disponibles
private void serial_combo(ComboBox combo)
{
combo.ltems.Clear();
string[] ports = SerialPort.GetPortNames();

foreach (string port in ports)

{
combo.ltems.Add(port);
}
}

private void Form_Main_FormClosed(object sender, FormClosedEventArgs e)

{
try
{

arduino.CierraPuerto();

}

catch

{
.
}

private void timerl_Tick(object sender, EventArgs e)

{
Get_Lectura();

}

private void button_Stop_Click(object sender, EventArgs e)

{
try

{
arduino.Stop();

arduino.CierraPuerto();

arduino = null;
this.button_Stop.Enabled = false;
this.button_Iniciar.Enabled = true;
this.timer.Stop();
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this.timer.Enabled = false;

}

catch

{

}
}

private void Get_Lectura()

{
int punto = 0;
if (arduino !'= null)

{

arduino = null;

punto = arduino.GetLectura();
this.textBox_caracter.Text = Convert. ToChar(punto).ToString();
ActualizaGrafica(punto);

}
}

private void ActualizaGrafica(int punto)

{
RecorreArray(punto);
this.chart_Datos.Series[0].Points.Clear();
for (inti=0;1<50; i++)
{

}
}

private void RecorreArray(int punto)

{

int[] muestreoAux = new int[50];
for (inti=0;1<49; i++)
{

}

muestreoAux[0] = punto;
muestreo = muestreoAux;

this.chart_Datos.Series[0].Points.AddY (muestreo[i]);

muestreoAux[i + 1] = muestreo[i];

}
private void button_Refresh_Click(object sender, EventArgs e)
{
serial_combo(this.comboBox_Puertos);
}

private void chart_Datos_Click(object sender, EventArgs e)

{
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Programa de diseno de la interfaz visual y su configuracion

namespace Practica2_LabDSM

{

partial class Form_Main
{
/Il <summary>
/Il Required designer variable.
/Il </[summary>
private System.ComponentModel.IContainer components = null;
protected override void Dispose(bool disposing)

{

if (disposing && (components != null))

components.Dispose();
}
base.Dispose(disposing);

}

#region Windows Form Designer generated code

/Il <summary>
/Il Required method for Designer support - do not modify
/Il the contents of this method with the code editor.
/Il <[summary>
private void InitializeComponent()
{
this.components = new System.ComponentModel.Container();
System.Windows.Forms.DataVisualization.Charting.ChartArea chartAreal
= new System.Windows.Forms.DataVisualization.Charting.ChartArea();
System.Windows.Forms.DataVisualization.Charting.Legend legend1 = new
System.Windows.Forms.DataVisualization.Charting.Legend();
System.Windows.Forms.DataVisualization.Charting.Series seriesl = new
System.Windows.Forms.DataVisualization.Charting.Series();
this.comboBox_Puertos = new System.Windows.Forms.ComboBox();
this.groupBox_PuertoSerial = new System.Windows.Forms.GroupBox();
this.button_Refresh = new System.Windows.Forms.Button();
this.groupBox_Datos = new System.Windows.Forms.GroupBox();
this.chart_Datos = new
System.Windows.Forms.DataVisualization.Charting.Chart();
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this.groupBox_Control = new System.Windows.Forms.GroupBox();
this.button_Stop = new System.Windows.Forms.Button();
this.button_Iniciar = new System.Windows.Forms.Button();
this.timer = new System.Windows.Forms.Timer(this.components);
this.textBox_caracter = new System.Windows.Forms.TextBox();
this.groupBox1 = new System.Windows.Forms.GroupBox();
this.labell = new System.Windows.Forms.Label();
this.groupBox_PuertoSerial. SuspendLayout();
this.groupBox_Datos.SuspendLayout();

((System.ComponentModel.ISupportinitialize)(this.chart_Datos)).BeginInit();
this.groupBox_Control.SuspendLayout();
this.groupBox1.SuspendLayout();
this.SuspendLayout();

1l

/[ comboBox_Puertos

1l

this.comboBox_Puertos.FormattingEnabled = true;
this.comboBox_Puertos.Location = new System.Drawing.Point(6, 19);
this.comboBox_Puertos.Name = "comboBox_Puertos";
this.comboBox_Puertos.Size = new System.Drawing.Size(121, 21);
this.comboBox_Puertos.Tablndex = 0;

1l

/I groupBox_PuertoSerial

1l

this.groupBox_PuertoSerial.Controls.Add(this.button_Refresh);
this.groupBox_PuertoSerial.Controls.Add(this.comboBox_Puertos);
this.groupBox_PuertoSerial.Location = new System.Drawing.Point(12, 12);
this.groupBox_PuertoSerial.Name = "groupBox_PuertoSerial";
this.groupBox_PuertoSerial.Size = new System.Drawing.Size(222, 53);
this.groupBox_PuertoSerial. Tabindex = 1;
this.groupBox_PuertoSerial. TabStop = false;
this.groupBox_PuertoSerial. Text = "Puerto Serial Arduino”;
this.groupBox_PuertoSerial.Enter += new

System.EventHandler(this.groupBox_PuertoSerial_Enter);

Il

// button_Refresh

Il

this.button_Refresh.Location = new System.Drawing.Point(133, 17);
this.button_Refresh.Name = "button_Refresh";
this.button_Refresh.Size = new System.Drawing.Size(75, 23);
this.button_Refresh.Tabindex = 1,

this.button_Refresh.Text = "Refresh™;
this.button_Refresh.UseVisualStyleBackColor = true;
this.button_Refresh.Click += new

System.EventHandler(this.button_Refresh_Click);

1l
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/I groupBox_Datos

I

this.groupBox_Datos.Controls.Add(this.chart_Datos);

this.groupBox_Datos.Location = new System.Drawing.Point(12, 72);

this.groupBox_Datos.Name = "groupBox_Datos";

this.groupBox_Datos.Size = new System.Drawing.Size(711, 353);

this.groupBox_Datos.Tablndex = 2;

this.groupBox_Datos.TabStop = false;

this.groupBox_Datos.Text = "Grafica";

I

/I chart_Datos

I

chartAreal.BackColor =
System.Drawing.Color.FromArgb(((int)(((byte)(224)))), ((int)(((byte)(224)))),
((int)(((byte)(224)))));

chartAreal.Name = "ChartAreal”;

this.chart_Datos.ChartAreas.Add(chartAreal);

legendl.Enabled = false;

legendl.Name = "Legendl";

this.chart_Datos.Legends.Add(legendl);

this.chart_Datos.Location = new System.Drawing.Point(6, 19);

this.chart_Datos.Name = "chart_Datos";

seriesl.ChartArea = "ChartAreal";

seriesl.ChartType =
System.Windows.Forms.DataVisualization.Charting.SeriesChartType.Spline;

series1.Color = System.Drawing.Color.FromArgb(((int)(((byte)(0)))),
((int)(((byte)(0)))). ((int)(((byte)(192)))));

seriesl.IsVisiblelnLegend = false;

seriesl.Legend = "Legendl";

seriesl.Name = "Seriesl";

this.chart_Datos.Series.Add(seriesl);

this.chart_Datos.Size = new System.Drawing.Size(699, 328);

this.chart_Datos.Tabindex = 0;

this.chart_Datos.Text = "Datos del Arduino";

this.chart_Datos.Click += new
System.EventHandler(this.chart_Datos_Click);

1

/l groupBox_Control

I

this.groupBox_Control.Controls.Add(this.button_Stop);

this.groupBox_Control.Controls.Add(this.button_Iniciar);

this.groupBox_Control.Location = new System.Drawing.Point(241, 13);

this.groupBox_Control.Name = "groupBox_Control";

this.groupBox_Control.Size = new System.Drawing.Size(190, 53);

this.groupBox_Control.Tabindex = 3;

this.groupBox_Control.TabStop = false;

this.groupBox_Control.Text = "Control de la ejecucion”;
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Il

// button_Stop

1

this.button_Stop.Location = new System.Drawing.Point(88, 15);

this.button_Stop.Name = "button_Stop";

this.button_Stop.Size = new System.Drawing.Size(75, 23);

this.button_Stop.Tabindex = 1,

this.button_Stop.Text = "Stop";

this.button_Stop.UseVisualStyleBackColor = true;

this.button_Stop.Click += new
System.EventHandler(this.button_Stop_Click);

I

// button_Iniciar

Il

this.button_Iniciar.Location = new System.Drawing.Point(7, 15);

this.button_Iniciar.Name = "button_Iniciar";

this.button_Iniciar.Size = new System.Drawing.Size(75, 23);

this.button_Iniciar.Tabindex = 0O;

this.button_Iniciar.Text = "Iniciar";

this.button_Iniciar.UseVisualStyleBackColor = true;

this.button_Iniciar.Click += new
System.EventHandler(this.button_Iniciar_Click);

1l

I timer

1l

this.timer.Tick += new System.EventHandler(this.timerl_Tick);

1

Il textBox_caracter

1

this.textBox_caracter.Location = new System.Drawing.Point(124, 19);

this.textBox_caracter.Name = "textBox_caracter";

this.textBox_caracter.Size = new System.Drawing.Size(42, 20);

this.textBox_caracter.Tablndex = 1;

Il

/I groupBox1

Il

this.groupBox1.Controls.Add(this.textBox_caracter);

this.groupBox1.Location = new System.Drawing.Point(438, 13);

this.groupBox1.Name = "groupBox1";

this.groupBox1.Size = new System.Drawing.Size (285, 52);

this.groupBox1.Tablndex = 4;

this.groupBox1.TabStop = false;

this.groupBox1.Text = "Caracter Obtenido™;

Il

I labell

Il

this.labell.AutoSize = true;
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this.labell.Location = new System.Drawing.Point(12, 442);

this.labell.Name = "labell";

this.labell.Size = new System.Drawing.Size(139, 13);

this.labell.Tabindex = 5;

this.labell.Text = "Christie Nucamendi Canelas";

I

/l Form_Main

I

this.AutoScaleDimensions = new System.Drawing.SizeF(6F, 13F);

this.AutoScaleMode = System.Windows.Forms.AutoScaleMode.Font;

this.BackColor = System.Drawing.Color.FromArgb(((int)(((byte)(192)))),
((int)(((byte)(192)))), ((int)(((byte)(255)))));

this.ClientSize = new System.Drawing.Size(735, 497);

this.Controls.Add(this.labell);

this.Controls.Add(this.groupBox1);

this.Controls.Add(this.groupBox_Control);

this.Controls.Add(this.groupBox_Datos);

this.Controls.Add(this.groupBox_PuertoSerial);

this.MaximizeBox = false;

this.Name = "Form_Main";

this.Text = "Prototipo de residencia”;

this.FormClosed += new
System.Windows.Forms.FormClosedEventHandler(this.Form_Main_FormClosed);

this.Load += new System.EventHandler(this.Form_Main_Load);

this.groupBox_PuertoSerial. ResumeLayout(false);

this.groupBox_Datos.ResumelLayout(false);

((System.ComponentModel.ISupportinitialize)(this.chart_Datos)).EndInit();

this.groupBox_Control.ResumeLayout(false);

this.groupBox1.ResumeLayout(false);

this.groupBox1.PerformLayout();

this.ResumelLayout(false);

this.PerformLayout();

}

#endregion

private System.Windows.Forms.ComboBox comboBox_Puertos;

private System.Windows.Forms.GroupBox groupBox_PuertoSerial,

private System.Windows.Forms.Button button_Refresh;

private System.Windows.Forms.GroupBox groupBox_Datos;

private System.Windows.Forms.GroupBox groupBox_Control;

private System.Windows.Forms.Button button_Iniciar;

private System.Windows.Forms.Button button_Stop;

private System.Windows.Forms.DataVisualization.Charting.Chart
chart_Datos;

private System.Windows.Forms.Timer timer;
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private System.Windows.Forms.TextBox textBox_caracter;
private System.Windows.Forms.GroupBox groupBox1;
private System.Windows.Forms.Label labell;

}
}

4.2 Resultados

En esta parte se encontraran los resultados de la pruebas que se hicieron para
cada sensor, con la finalidad de ver su comportamiento.

4.2.1 Sensor de corriente

S Sensor de
Corriente

Figura 4.1 Caracterizacion del Sensor de Corriente

En este diagrama podemos observa como fue conectado el sensor de corriente,
se usa un transformador para poder reducir la sefial de entrada a un voltaje de 12v
y se hacen mediciones de acuerdo con una variacion de Resistencia para poder
ver el comportamiento encada una de la corriente que esta en ese instante y el
voltaje que encontramos de salida con respecto a la corriente que tenemos. Para
corroborarlo se muestra la siguiente tabla con los resultados obtenidos.
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1 12 12 1 260
2 12 7 1.7143 370
3 12 5.6 2.1429 520
4 12 5 2.4 580

Tabla 4.1 Voltajes de salida del Sensor de Corriente

También se adjunta una grafica para especificar la variacion del voltaje del sensor
con respecto a la corriente.

Vsensor

700

y=111x + 155
- )/ >80
400

370 =¢=—\/sensor
300 —— Lineal (Vsensor)
260
200
100
O T T T 1
1 1.7143 2.1429 2.4

Figura 4.2 Grafica de Valores y ecuacion que describe al Sensor
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CAPTURAS DE OSCILOGRAMAS DEL CIRCUITO.

Se muestran las capturas del circuito con el voltaje de salida del sensor para cada
cambio de resistencia que se efectuo.

Tek S Trig'd r Paos: 0,000 MEDIDAS

CH1 100mmY M 10,0ms CH1 & —4.00u4
Pulse un botdn de pantalla para cambiar la medida

Captura 1. Donde se muestra el voltaje de salida de 520mV cuando se tiene una
resistencia de 5.6Q, con un voltaje de entrada del transformador de 12v,
obteniendo una corriente de 2.1429A.

Trig'd

CH1 100r M 10.0ms
G—Jun-15 1253

Captura2. Se muestra el voltaje de salida de 584mV cuando se tiene una
resistencia de 5Q), con un voltaje de entrada del transformador de 12v, obteniendo
una corriente de 2.4A.
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NN Trig'd

CH1 S0.0rmY t 10.0rmns
d—Jun—15 1555

Captura 3. Se muestra el voltaje de salida de 266mV cuando se tiene una
resistencia de 12Q, con un voltaje de entrada del transformador de 12v,
obteniendo una corriente de 1A.

CH1 100m?Y t 10.0ms
Pulse un botdn de pantalla para cambiar la medida

Captura 4. Se muestra el voltaje de salida de 372mV cuando se tiene una
resistencia de 7Q), con un voltaje de entrada del transformador de 12v, obteniendo
una corriente de 1.7143A.
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4.2.2 Resultado del circuito integrado LCT1963 con acoplamiento RMS — DC

2.7V/3V CMOS -
OFF :
EN Vpp
LTC1966
”ﬁ‘:,":EUKT) —{ 1 Vour [——#=——DC OUTPUT
A ANVE
N2 OUTRTN —§ 1
0 1[:% Vs GND -
R e E

= foEE A

Figura 4.3 Diagrama utilizado.

Con este sensor se hicieron los calculos para obtener el voltaje Vrms de entrada y
el voltaje pico a pico de entrada con respecto al Vrms del circuito integrado.

Voltaje pico-pico Vrms (entrada) Vrms de circuito
(entrada) integrado
1.48Vv 513 mV 818mV
1.42Vv 490 mV 757 mV
1.34V 459 mV 635 mV
1.24V 427 mV 591 mV
1.10V 375 mV 530 mV
1.02v 351 mV 450 mV
920mV 312 mV 318 mV
820 mV 277 mV 287 mV
720 mV 240 mV 252 mV
608 mV 211 mV 200 mV
512 mV 179 mV 172 mV
400 mV 139 mV 134 mV
304 mV 106 mV 102 mV
200 mV 70.9 mV 66.1 mV
104 mV 35.8 mV 37.7mV

Tabla 4.2 Resultados de las mediciones
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CAPTURA DEL CIRCUITO

Minauna

CH1
MNinguna

CHT 5

Captura 1. Esta imagen es del Vrms del circuito integrado de 818mV con un Vrms
de entrada de 513 mV a un voltaje pico a pico de 1.48v.

Trig'd M Pos; 0.000s MEDIDAS
% i 5 i E:

Ninguna

CH1
Ninguna

CH1

Captura 2. Esta imagen es del Vrms del circuito integrado de 66.1mV con un Vrms
de entrada de 70.9mV a un voltaje pico a pico de 200mV.
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MEDIDAS

CH1
Minguna
CH1
Minguna
CH1 L I0rms
2=Jun=15 1527

Captura 3. Esta imagen es del Vrms del circuito integrado de 102mV con un Vrms
de entrada de 106mV a un voltaje pico a pico de 304mV.

Minguna

CH1
Minguna

CH1 W 5.00ms

2=Jun=15 1525

Captura 4. Esta imagen es del Vrms del circuito integrado de 134mV con un Vrms
de entrada de 139mV a un voltaje pico a pico de 400mV.
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Minguna
CH1
Ninguna
CH1 200my  CHZ2 200mY M 5.00ms
2=Jun=15 15:24

Captura 5. Esta imagen es del Vrms del circuito integrado de 172mV con un Vrms
de entrada de 179mV a un voltaje pico a pico de 512mV.

Trig'd i Pos: 0,000

. JEREEEE NN NN EE NN RN T RN

Minguna

CH1
Minguna

CH1 A 5.00ms
2=Jun-15 1523

Captura 6. Esta imagen es del Vrms del circuito integrado de 200mV con un Vrms
de entrada de 211mV a un voltaje pico a pico de 608mV.
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CH1
Minguna
CH1
Minguna
CH1 S00mY  CHZ2 S00mY M S00ms
2=Jun=15 15:1

Captura 7. Esta imagen es del Vrms del circuito integrado de 252mV con un Vrms
de entrada de 240mV a un voltaje pico a pico de 720mV.

Trig'd i Pos: 0,000

Minguna

CH1
Minguna

CH1 .':'-IZII.IIrn'-.-' . IZIHEA o] 'IEirns
2=Jun=15 1%:20

Captura 8. Esta imagen es del Vrms del circuito integrado de 287mV con un Vrms
de entrada de 277mV a un voltaje pico a pico de 820mV.
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Tek il Trig’d

CH1
Minguna
CH1
Minguna
CH1 S00mY  CHZ2 S00mY M S00ms
2=Jun=15 1517

Captura 9. Esta imagen es del Vrms del circuito integrado de 318mV con un Vrms
de entrada de 312mV a un voltaje pico a pico de 920mV.

Telk N Trig"d I Pis: 00005

Minguna

CH1
Minguna

CH1 .':'-IZII.IIrn'-.-' . IZIHEA o] 'IEirns
2=Jun=15 1515

Captura 10. Esta imagen es del Vrms del circuito integrado de 450mV con un
Vrms de entrada de 351mV a un voltaje pico a pico de 1.02V.
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Tek il Trig’d

CH1
Minguna
CH1
Minguna
CH1 S00mY  CHZ2 S00mY M S00ms
2=Jun=15 1513

Captura 11. Esta imagen es del Vrms del circuito integrado de 530mV con un
Vrms de entrada de 357mV a un voltaje pico a pico de 1.10V.

Tek Al Trig'd

Minguna

CH1
Minguna

CHT Bt e W s
2=Jun-15 1511

Captura 12. Esta imagen es del Vrms del circuito integrado de 591mV con un
Vrms de entrada de 427mV a un voltaje pico a pico de 1.24V.
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Tek il Trig’d

CH1
Minquna
CH1
Minguna
CH1 SO0 CH2 S00mY g 10ms
2=Jun—15 1503

Captura 13. Esta imagen es del Vrms del circuito integrado de 635mV con un
Vrms de entrada de 459mV a un voltaje pico a pico de 1.34V.

Trig’d K Pas: 0,000s

(EEENEETERRRNEET R NNRNE ;.
E 3 3 d

Minguna

CH1
Minguna

CH1 .':'-IZII.IIrn'-.-' . IZIHEA o] 'IEirns
2=Jun=15 1506

Captura 14. Esta imagen es del Vrms del circuito integrado de 757mV con un
Vrms de entrada de 490mV a un voltaje pico a pico de 1.42V.
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Trig'd K Paos: 0,000s MEDIDAS

CH1

CH1 200m% CHZ2 S0.0mY M S.00ms
12-Jun-15 15:30

Captura 15. Esta imagen es del Vrms del circuito integrado de 37.7mV con un
Vrms de entrada de 35.8mV a un voltaje pico a pico de 104mV.

4.2.3 Resultado del voltaje de salida del sensor del voltaje pico.

En esta tabla se pueden observar los resultados de voltaje de entradas de
corriente alterna, la cual se fue variando para poder conocer si existia una
variacion de voltaje que de salida y los siguientes céalculos fueron los resultados.

VOLTAJE DE ENTRADA VOLTAJE DE SALIDA
120VAC 1.09VAC
110VAC 1.00VAC
100VAC 0.91VAC
90VAC 0.82VAC

Tabla 4.3 Voltajes de salida del sensor de voltaje pico

Se adjunta también una grafica para poder observar como al disminuir el voltaje de
entrada de CA también podeos observar una disminucion del voltaje de salida
como se muestra en la siguiente grafica
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VOLTAIE

—o— o o

1.09 1 0.91 0.82

e=@==\/OLTAJE

4.4 graficas obtenidas con los datos de la tabla.

CAPTURA DEL CIRCUITO.

Para las siguientes imagenes vamos a observar el comportamiento de la onda
para el voltaje de entrada y el voltaje de salida y se adjunta la imagen de los datos
en el osciloscopio.

Captura 1. Entrada de 110 Vca con salida de 1Vca.
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i
V=0.077ET14
l—ﬁ IH1

V1

i

Captura 2. Entrada de 100 Vca con salida de 0.91Vca

AMP=135.563402

TRAN-2P25
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W /ii?' w2
V=0.0705734 W=0.0141123
rﬁ TR1 l
i

V1

AMP=141.42135823
FREQ=,

TRAM-2P25

Captura 3. Entrada de 90 Vca con salida de 0.82Vca

3
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! V2

W=0.015812

W=0.0730678
TR1

V1

AMP=127 27022061
FREQ=

TRAM-2ZP25

Captura 4. Entrada de 120 Vca con salida de 1.09Vca

]
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CONCLUSIONES.

De manera idoénea se han alcanzado la mayoria de los objetivos planteados
durante el desarrollo del proyecto tomando como punto de referencia las
necesidades que existen en la industria y la implementaciéon de los DVR, se
comenzo a disefiar un programa basado en entorno visual de alto nivel para poder
monitorear graficamente el estado de los sensores de la etapa de proteccion del
mismo DVR, asi mismo, se llevé a cabo el disefio e implementacién de los
prototipos de instrumentacién de monitoreo y censado para la proteccion del
mismo DVR, utilizando sensores muy especificos para medir Corriente y voltaje
Rms , con la finalidad de poder apreciar las distorsiones propias del sistema en
una linea AC, que por sus propiedades naturales posee variaciones o ruidos que
pueden afectar un sistema, continuo a esto se llevd a cabo una etapa de
transformacion de la sefial AC a DC con la finalidad de poder ingresar al
controlador, en este caso en particular el controlador en la plataforma Arduino y
asi realizar en enlace para su monitoreo en tiempo real.

Dado al desarrollo del proyecto y a los resultados que se mostraron en los anexos
y en el apartado de resultados, se puede decir que se alcanzaron la mayoria de
los objetivos propuestos, sin embargo, hace falta adn mucho desarrollo en esta
materia ya que es un tema de complejidad y elongacién alta, sin embargo la etapa
de proteccion ya es un prototipo que se puede y se pretende que se siga
perfeccionando.
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ANEXOS

Anexo A. Sensor de Corriente

Allegro

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 EVRMS solanion and a Low-Resistance Current Conductor

Features and Benefits
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ACST712

Fully Integraved, Hall Effecr-Based Limear Curreny Sensor I'C
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with 1 1 EVRMYS Fsolatien and a Low-Resistance Current Condnctor

ACST12

Functional Eloak Disgram

£
=
e
e
T |
h-\""'\-\. . wu
’ [P 1 —
L I
[
Sl ok
e =t [ T
£ FALTER
Fe B il
-
Plim-zut Dlagram
= ] -
== I WELT
=@ e
=& s
Terminal Lict Tabils
Hum b= Marm Cascripion
1mrd 2 (L] Terrurmn For oorment Deieg eameiss Fossd msmally
Smred 4 (L] Tarrurmn for oot Dedeg eamedss foesd msmaly
-] [ Ll Sigrall prounes iminal
B FILTER Terrurml for sl cepeoior Sl med St
F VOUT Emming oot migrsl
B | Devics peraver sopplp rmins |

iy Moyl 3
'+ S 115 Pl el

[T re—— R TR

e el T ——

63
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Characteristic Perfiormance
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Fully Integrated, Hall Effecr-Based Linear Current Semsor IC
with 2.1 LVRMYS Isolation and a Low-Resistance Current Condnctor
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Definitions of Dynamic Response Characteristics
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Fully Invegrafed, Hall Effeci-Based Limear Currens Sensor IC
with 2.1 EVRMS Isolation and a Low-Resistance Current Conductor
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ACS712 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC
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ACST12 Fully Incegrared, Hall Effect-Based Linear Current Sensor IC
with 1.1 EFVRMY Isolarion and a Low-Resistance Current Conductor
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Anexo B Diagrama Esquematico del Sensor de Corriente
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Anexo C. ARDUINO MEGA 2560

Arduino MEGA 2560

MADE
INITALY

-
=
-
=
-
]
.
=
=
-

Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digtal inputioutput pins (of which 14 can be used as PWM outputs),
16 analog nputs, 4 UARTs (hardware senial ports), 3 16 MHz crystal oscfiator, a USE
connection, 3 power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with 3 AC-t0-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

- Index]
Technical

Specifications Page 2
!C‘&Wm%%?wm"&em Page 6
Eoiins EHgS T
s B
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Technlcal Speufucatlon

Microcontrolier

Operating Voltage

Input Voltage (recommendsad)
Input Voltage (limits)

Digital /O Pins

Analog Input Pins

DC Current per 'O Pin

DC Current for 3.3V Pin

Flash Memory

Summar

ATmega23a0

5V

7-12v

6-20V

54 (of which 14 provide PWM output)
16

40 mA

S0 mA

256 KB of which 8 KB used by bootloader
8KB

4KB

Power
Led

td PaPRENA
COMMUAIC ATION

analog pins

B Radiospanes RADIONICS A

78




Power

The Arduing kagaZSe0 can b powered via the UEB connection or with an sxtemal poswer supply. The powsr sourre |5
seimcied aubomatically. Exiernal (non-UEE]) powesr can come sither fom an &C-o-00 adapher feal-wart) or battery. The

adapher can be conrecied By plugging a 2. imm cenferpos B piug Inds the boand's power fack. Leads fom a batiery
an be nserbed in the Snd and Vin pin headiers of the POWER oonmescior.

The boand can opsrale on an axismal suppiy of & 10 20 woils. 7 supplied with ke=ss than T, hoeesser, e 5 pin may
supnly less Faan e vois and the board may be onstsbis Fusing mons tham 123, the voltage reguisior may crsmisat
and damage the board. The recommended range ks 7 io 12 vois,

The Megalrsel differs fom all preceding boseds In st B doss nod use e FTDI UES-io-serial driver chip. Imsiesd,
Teatures e AAmEgaiUT programmed as & USE-io-serisl Comverter.

The powver pins. are a5 Tollows:

& VIN. The input voitsge o the Andulno board when s using an extemal poser source (as opposed 1o E wols
from the UIES comrecton or Other neguiaied posver soumme). You Can supply woilspe Snough this pim, or, T
supplying woitage vis the power [ack, aocses [ theoog Hés pin.

& EBY. The reguiated powsr suppiy wmad io power Se microcontroiler and ofher components on the board. This
cor coe mEhar from VIN va an on-boand reguiator, orbs suppdsd by USE or anotter reguiated 57 supply.

& IVE A 33 voit supply genembed by the on-board reguiator. Mawimum curment drs|s S0mA

&  OND. Ground pies

Memor

The ATregazsel has 255 KB of Tiash memory Tor storing code: (of which 8 KB |5 wused for the boobicader), 8 K2 of
ERAM and 4 KB of EEFROM (which an be rexd and writhen with T SESFQR Iomra).

Input and Output

Each of the =4 dgial pins on the Maga can be wsed 2z an input or oulput, using Dinkiodsi]. dotaiAidie snd
JdigEsl Bend]) funciions. They ops=rafe ai 5 vois. Each pin can provide or recele a mamimen of 40 mA and has an
Inb=mai puil-up resisior (disoonmecied by defawt) of 20-50 kChms. In addion, some pins have specializesd Sunchons:

& Berial- 0 (RN} and 1 (T Sarial 1- 19 [AX) and 18 [Tx); Bsrtal 3 17 [F2) and 18 [T); Serial 3 15 {FX) and
A4 [Tx) Uzed o recstve (RX) and mans=it (TX TTL seral dal. Fins O and 1 are also comnecied o the
oormesponding pins of e ATmegasl? LIES-o-TTL Serdal chip -

&  Extsmal indsmepic: 2 {Imbsrmupt 0], 2 (Intsrmupt 1), 13 (ntermupt 5. 19 (iIntsmupt 41, 20 (Inbsrrupt 33, amd 21
{imbsrmapt 2. These pins can be oonfgured o igger an Ink=mupt on & bow valus, 3 risieg or faling =dge, or 3
change In value. Ses e aitachint=mups’) fumclion for defalls.

&  PWlE 3bo 13. Provide B-bE P output with e aoalogiiiiis s function.

« EFL 60 (MIECH, 61 [MOEN, 52 (ECE) BY [3E)L Thes: phns sapport 3P commenication, which, alwough
prowided by the underiying hardware, Is mot cumentiy iIncluded In the Arduino language. The SF1 pins are aiso
broken out on the ICEP headier, which s physically compaibie wif the Duemlanoee and Discimia.

#  [LED: 13 Theere |5 a buliHn LED onnecisd o digial pin 13. When the pin Is HIGH valee, the LED s on, wihen
fhee pin ks LOAW, s off.

& Q20 {30 amd 24 {3CL). Suppaort IPC [TWT) commanication using T Wi 1Dy (doosmentadon on he
Wiring webste). Mole Fat these pins anrs not In the same cafion & B 19T pins on B Dusinove.

The MegalSs50 has 1€ analog inputs, each of which prowvide 10 bEs of resoiubtion (L=, 1022 df%=rent values). By defuuli
they measure fom ground fo S volits, Fough 1S itpossibie D changes the upper end of ther ranpe using the AREF pin and
ansngReferenos ] Tunction.

There s & couple of other pins on the board:

& ARFF. Reference vollage for e analog Inputs. Used with anaipgSeferenoe]).
Recst. Erng this Ine LOA b reset e microconroller. Tymicaly wsed b scd @ reset buBon 1o shisids which
Edock the ore on the board.

[:] ]]!i radiospares RADIONICS "££!=
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Communication

The Arduino Mega2550 has 3 number of faciizes for ComMUNICing With 3 COmpUter, ancther AFIuino, o
mnmmmAmwmmmwnmm(mmmm
MAWMMMMI’EBWUMW@ 3 viriud com port to software on
the compiter (Windows machines wil naed 3 Inf fie, but OSX and Linux machines wil recognize the board
asaCOMponammoaty The Aruno software ncudes 3 sana monkor which Jlows smpie textual
Gata to be sent % and from Me board. The RX and TX LEDs on the board wil flash when data is being
WMMATWWPNU@W”“WMMMWW
on pins 0 and 1),

A SofwareSedal ihary allows for serial communicaton on any of Mz Mega's digtal pins.
The ATMega2se0 aiso supports 12C (TWI) and SPI communication. The Aroune software INCludes 3 Wire

fbrary o simpilty use of the 12C bus; see the gdocumentatio
camucauwpmseememmegnﬁom

Programming

The Arduino Mega2SE0 can be programmed with the Arduino software (downioad). For detdls, see the
[=eence and Lporgs.

The Almaga2550 on e Aruine Maga Comes predumed With 3 footinager that alows you 10 upioad new
mmnMMMdmmmW.nmmsmu?mwm
protocal (Eferance. C header fles).

You can aiso bypass the boofoader and program the microcontrolier through the ICSP (In-Circult Sertal
Programming) header; see these Instructions %or detalls.

E RadiospanRes RADIONICS "ga
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Automatic [Software) Reset

Riher Men requinng a physical press of the reest bution before an upoad, the Amuing Megalsel is
gesigred In @ way that allows | bo be reset by soffware nunning on & connected computer. One of the
harware Now control Ines (DTR) of the ATmega8LUE2 s connected o the resat line of the ATmega?Sed via a

100 nanofarad capachor. When this Ine s assared iow), the reset line drope long o reset the
chip. The Amiuing sofware usee this capabillty 1o ymmm-xﬂebjrﬂnw the upload
bumon In Me Arduing enmament. This means that the boobioader can have 3 shorer tmeot, as the

loweging of OTR can be well-coominaied wilh the stan of he upioad.

This sefup has other Implications. When the Mega2S50 15 connectad to eher a compuiar nunning Mac 05 X
or Linuee, It resets each time 3 connecton is mads o It from sofware {va USS). For the following hal-second
or 50, the boofcader is nunning on the Maga2SE0. While | is programmed to ignore matformed data (Le.
arything besides an upioad of New coce), | will Interoept the finst fow bytes of data sent to the board aner a
cannecEon |5 cpened. If 3 shelch fUning on the board recsives one-ime configuraion of other data when It
first Starts, sure that the softwaie With which It communicates wals 3 second afer opening e
connecSon and before sending this data,

The kega coniains a tace that can be cul o disable e aulnresel The on efiher side of the frace can
be soidemed tngether o re-eraiie I 105 labeled "RESET-EN. You may b= able W0 disable the aunin-eset
by cornaciing a 110 ohm resksior fom 25 o the resef line; 522 [his fonam fhresd for defails.

USB Overcurrent Protection

The Amuing Mega has a resettabie pohfusa that protects your computers USE ports from shors and

oveErzuTent. Althcugh most compuiers provide thelr own imemal ﬂ;é‘!’[ﬁtﬂ. e fuse an exia
of profecgon. i more than 500 ma 15 appiled o the LSS pord, the Hllmﬂmm{tﬂm&mg
unzl the o or overioad |s emoved

Physical Characteristics and Shield Compatibilit

The maximum length and widtn of he Mega PCB ame 4 and 2.1 Inches respectively, with the USE connector
and power [ck sxiendng beyond the former dimension. Thiee sorew holes Jlow the Hoan to be atached o
a surface of case. Mote fat the distance between digial pins 7 and 8 Is 160 mil [0L167), not an even mubipie
of e 100 mil spacing of the other pins.

The Mega ks designed to be compatible with most shielts desgned for the Diecimila or Duemilanove.
pins 0 © 13 {and the atjacent AREF and GMD pirs), anaiog Inputs 0 to 5, the power header, and ICSP
header are al in equivaient locations. Further the main UART (serial port) s locabed on the same pins (0 and
1], 3= are exi=mal Infemupts 0 and 1 (pns 2 and 2 M s avallabie me ICSP header on
biom the Mega and Duemianove | Diecimila. Pisase nots that FFC Is not located on the same pins on the
M (20 and 21) a8 the Dusrnllanowve | Dlecimilla (analog inputs 4 and 5).

E RS ~radiospares RapioNiCS wi
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How to use Arduino

Anduino can sense the environment by recelving Input from a varkety of sensors and can afect Its
sumoundings by controling lighis, motors, and other actuators. The microcontnolier on the board s
programmed wsing Te Arduing programming language (oased on Wiing) and the Anduing
gavelopment envinonment (basad on Progessing). Ardulng projects can be stand-alone or they can
commumicate with softwars on nnning on & compuier (2.9. Flash, Processing, MaxMSP)

Arduino ks @ cross-platoform program. Youll have to follow difersnt Instructions for your personal
05, Check on the Arouing site for the iatest Insiruciions.  Kfp.faroung. coenSGude™HomeFPage

Linux Install Windows Install Mac Install

Cince you have downioadedunzipped the arduind IDE, you can Piug e ARuino to your PC via USE cadle.

Mow you're actually ready to “oum® your
first program on the arduing boand. To
Eck2ct "bink led”, ihe physical ranslation
of the well known programming “helio
wond®, salect

File>Sketehbook=

Arduino-0017T>Examples> T
Digital=Blink siisihin,

Cince you have your skecth you'll
see something very close to the
sereenshol on the right.

In Tools=Board sslect MEGA : s, oo

Mow you have o go to
Tools=SerialPort

and select the nght senal port, the
one arduing is atached o

o Oore canpiling . ! '::
- ol

 bukton A
rrars) il ¥ AX Flashing
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Dimensioned Drawino
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Anexo D. Sensor de Voltaje RMS

7 LI”[ ’ \D LTC1966

TECHNOLOGY

FEATURES

= Simpls to L=e, Requires One Capaciior
Tree AME OC Comversion Using AT Technalogy
= High Accwracy:
0.1% Gain Accuracy from 50Hz to 1kHz
0.25% Todal Error from 50Hz to 1kHz
m High Linearity:
0.02% Lingarity Allows Simpla System Calibration
® Low Swpply Carrent:
1554 Typ, 170pA Max
u Ultralow Shufdewn Current:
0.1pA
= Constant Bandwidth:
Indepandent of Input Volzge
B00kHz —3dB, BkHz +1%
= Flexible Supplies:
2.7V to 5.5V Singla Supply
Upp fo 25.5V Dusl Supply
® Flexible Inputa:
Diffarantizl or Single-Endied
Aail-ip-Aail Common Mode Voltage Ranga
LUp fo 1Wreax Differertial Voliage
m Flexible Output:
Rzil-io-Fail Output
Separate Output Referenca Pin Allows Level Shifting
= Wide Temperature Aanga:

Precision Micropower
AY. RMS+to-DC Converter

DeSCRIPTION

The LTC=1966 iz 2 true AMS-20-DC convertsr that utilizes
an innowative patanted AT compuiational technique. The
internal dela sagma circuitry of the LTC1 956 makss it sim-
pler to use, mone accurate, lowar power and dramatically
miore flecible than comertional log anileg RMS-to-DC
carmeeriars.

The LTC1866 accepts single-ended or differential input
signals (for EMUFF] rejection) and supports crest factors up
to4. Common mode input range iz rail-to-rail. Differentizl
mnput ranga iz 1. and offars unprecedented linsarity.
Unlike previously zvzilabla BMS-to-DC converters, the
supanior linearity of the LTC 864 allows hassls free system
calibration 2t any input voliage.

The LTC19646 alse hes a rail-to-rail output with a saparate
autput referanca pin providing fexible lavel shifting. The
LTC1%6E operates on a single powar supply from 2.7V to
3.5V or dual s=upplies up to + 5.5 A low power shutdown
maode reduces supply cunment to 054

The LTC19GE is insansities o PC board zoldering and
stressas, 35 well as cparating tamperature. The LTC 1966
iz packaged in tha space saving M30P package which iz
wdeal for portable applications.

APPLICATIONS

-55°C to 125°C = True RME Digital Mulimeters and Panel Metars
w Small Siza: = Trug BME AC + DG Measuraments
Spaca Saving B-Fin M50P Packaps T T T mm————p—— [EETr T
El.ﬁ'ﬂ"_'l: u 8 rndermesi of Linsar Tech =a. Kl pbar Exderaris an i
E?n;';.:rz.rﬁm‘_“ Fraincied byllS e edng DU, SEGETT
TYPICAL APPLICATION e u'““':“':t’l Permance
Single Supply RMS-1o-DC Comverier 3, o &
LT o
i [
Rt
S ERRRRAN
= A
E 28

II:'l:l i 00 Pl 0 2 100 e oD =
b

TEEE

Ly e
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LTC 1966

ABSOLUTE MAXIMUM ARATINGS PIN CONAGURATION
[N 1)
Supply Voltage

Voo fo GHD. e —0LBV O TV

Voo fo Vs . =03V to 12V

Veg i &ND._ - =TV i 03 -
Input Currerts IHn-te 2] .+ 10m& R s

Dutput Current I:N':I‘I:Ei:]l e . = 10m& w70 0 7 v

ENABLE Valtage . L.rss 0V 1o 'lrsg, + 12V - :: e
Operating Temperature Hange [Hn:-te ATI FUEAD PSR RS

LTC196EC/LTCI9E6 —.................—40°C 0 BT B R

LTC1966H ... _..—40"C o 125°C

LTC1'§EEMF ..—55°C b0 125°C
Specifiad Ternp-a'amre Hange [Hn:-te 5-

LTC1966CG/LTC196E] . .-—407C o 85°C

LTC1966H ... —4L‘I"E io 125°C

LTCWEEMF _..—55°C to 125°C
Maximum Jun-:l:r:ln Ten‘q:-ereh.lre e 150°C
Storage Temperzture Range ... —E-E-"‘E ta 150°C
Lead Tamparatura (Soldsring. 1|:'EE|3_| "G
ORDER INFORMATION
LEAD FREE FINESH TAPE ARID REEL PART MAREWG FACEAGE DEZCRIFTION TEMPERATURE RANGE
LTCACSECMEERRE ITCABSECMSEFTAPEF | LT B-Lead Plstic ME0F 0 e 7
LTC10GEIW SEFRE LTC 10GEMSEFTRPEF LTH B-Led Plorstic MB0F -41°C o §5°C
LTC 1 ENSEHNG B PR LTCAEGEHMGRITRPEE | LTS AL Florsic ME0F -G 1855
LT CENPRISEFARE ITCABEEMPRISESTAPEF | LTTG B-L e Plostic MEOF -55°C o T35

Cormult LTC Marketing fior parts specifisd with wider operating empeature anges
For more infiormation on lsad fres part marking, go fo: hipsfseww insarconledies’
For mare: information on tzpeand red specifiatons, go oo bty Fwww inex romfpeandresd’

The temperature grade is id=stfisd by a bbel on the shipping container

ELECTRICAL CHARARCTERISTICS ae « deantes ine spectcanass which spply over the 1 sperting
M

=m ramqe, oiherwis: specifications are at Ty = 25°C. Vg = 54 Vg =~ 5V, Voarymy = N Cogp = 100F Vg = 2
Vesgage = 0.5 unkess ofberwise soled.
SYMBOL | PARAMETER | comnimions [ W P x| wwms
Coorvenion Accumny
Eepm Comversion Basn Error 150Hz o ThMz lnpurt (Motes 8, 7) £].1 13 %
LTC196EC, LTC 1366 ® sl & %
LTC196EH, LTT FofauP . +{l.7 %
Vs |Dugan CFset Voibge Thotes B, 71 I i) =
LTCA96EL, LTC1 366 ® 14 al
LTC196EH, LTT FoEauP * 14 Ll
LMy  |Linearity Error S0m 1o 350al (Nates 7, B ® 0 i1 %
Tadt
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LTC 1966
ELECTRICAL CHARACTERISTICS e o denstes e specsications which apply aver e hill sperating

temperature range, olhenwis: specilications are & Ty = 25°C. Vo = 5 Vg = - 5, Voygame = 4 Ca = TUF Vi = 200MV e,

VesEE = 0.5Y unless oiberwise noled.

STMAOL | PARAMETER COMDITIONS MK L HAX | LN
PIRR | Power Supply Pejection [Nk ) nme 015 4]
LTC F26EC, LTCTE6E1 . LA 4]
LTCFE6EH, LTC A DGEMP * 3 Y
Ve Inpet st Volage [Kotess B, 7, 900 nme 0E m
* 18 mi
Beauracy ws Crest Facter [CF)
CF=4 EHr Fendamental, A00m\ess (Hoe 11) -1 2 mi
CF=5 EHr Fendamental, A0m\es (Hoe 11) . A 0 mi
It Characieristics
kn Inpet Voitage Aange {Kose 14] . L W L]
Iy Inpet Impedance verage, Differectial (Hote: 121 B ]
Bverage, Common Mode oz 12) 1m L]
MAR| | Inpet Common Made Rejsction {Kofe 13] - T i i L]
LT Mexamum Inpet Swing boourary = 1% (Not= #4) - 1 106 i
NN Minimem RME |nput - B i
Hote 3 0 )
il el 1 P = ==
[wtpur Charactersics
m= (uripet Voltage Fange L V= Vo W
- § L " N -
Imn Curipet: Impedance :: g: :Egblﬂul. 3 * i3 :!5 ] m
MERD | Owipet Common Mode Rejeotion {Kioge 13 ® L3 il 1] Py
Vo | Meamum Difer=stal Output Swing | Aoouraoy = 3%, [C inpet Ko 1£) R uﬂ 106 :::
] Hote T 3 1 )
S Vo Sepoty e . @ W |
Fresqueacy R=spoase
fip 1% Additonal Eror (Mot 151 Cawe = 10gF B i
lios 1% Addibioral Error (Nl 15) Cave = 10yF 2 ldx
Lag 138 Frequency (Mokz 15) iz
Pawes Zupglies
Vm Freitve Supply Wolage - 7 55 L
Vg Kisgatre= Supply Woltage: {Note 18] ] 1 i
o Proesifve: Supply Current 141 = Z0m, IA2 = OV 105 170 ]
141 = F00m ' INZ = W 1 [
ks Resgathee Supply Curreet 141 = Z0mN, IA2 = OV * iz il ]
Eaatdown Chanaclerstics
s Supply Coments Ve =45V L ik 10 i
ol ks s e A A
H ERFELE Fim Cumen: High Ve - 45V . 03 T ] B
EE

LTI
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LIC 1966

lemperature range, otherwiss

specifications are ol Ty = 25°C. Vg = 54, Vg = 5 Vigyrmmy

ELECTRICAL CHRARACTERISTICS the « densies e specttications ﬂmgﬁrﬁﬂux
T

Veugy = 0.5% Unless otherwise nated.

EYMBOL |PARAMETER COHDIMORS ™ LIKITS

h ENFELE Fie Current Low Voo =15V ™ -1 -1 -1 pl
LTCES6EH, LTC1DEEMP L -1 i

Y ENFELE Threshold Woitage Voo = A Ve =S 4 v
Voo =54, Va5 = GAD A | v
Voo =274 Vzg = GND 13 v

Vs ERFELE Threshold Hysteresis [ik| [}

Note 1: Sbesses beyond those liskesd under Alrsohte Meximem Ratings:

s hTm&rh'iqunmh Mool
refizhifity andl H=ime.
Hote 2: The inpets {141, INZ] ar= profecied by shunt diodes o Ve and
'tnfﬂe'rl:urﬁmbquﬂhn]-:.ﬂtcmﬂruﬁbehﬂ
to less than 1lmil
Hote 3: The LTC1986 mutput (Mpgy) i high impedance and can be
overdriven, either sinking or soercing curreet, i the Emits stz
Note &: The LTCISEECTT 126H ars granmesd functional over
the Ny temperatune of —40°C m B°C. The LTT 126GHS
angm%mhmmm
range of -55°C to T35°C.
Nofie 5: The LTCI9EEC & guanstred & meet spaciied performance fom
[FC fo 70FC. The LTC 19860 i designed, characierired and exqpecied o
meet specified performance fiom o B5°C burt is ot fested nos
(A smpled at these famperaares. The LIG193 & Tomesl
il mmmum.mmm
tn meet specifisd performance from —40°C tn 125°0. The LTC106EMP &
puarameed In meet specified periormance from -55°0 o 125°0
Hofe f: Hs arinmatic =sting cneot be periormed with
m-1ﬂﬂ’?ﬁ1ﬂh1ﬂhmbﬂiﬂ1ﬁl-ﬂrﬁﬂmdﬁ
tests hawe shown that the periormance lmits above cn be graranissd
with the aditional i=sting bei B i
e Iesting being performed to goraniss proper operation
Hofe 7: High spesd suinmatic testing cannot be with Bz
inputs. The LTT 1566 & 100% izsied with [C and 10kHz input signals.
Memsur=mests with DT inpuss from 50mif to 350mV are esed in caloubte
the four pammeters: Gepg, Voo, Wige and inesxity ervor Comdation fests
harve shown that the: mits above can be guaranteed with e
arkdtional testing being perlormesd to guaranes proper speration ol dl
izl cirruitny
Hote &: The LTC1986 is inhensmtly wery near Unbke older logfantiog
rincuits, its bebawior i the same with [C and AD inpurts, and [C inpets are
ueed fior hiigh speed t=5iing.
Note %: The powsr supphy rjections of the LTC1986 ane measured with [C
inputs from 50m's' i 350m ¥ The change in acceracy from oo = 278 2
Yiop = 5.5W with Weg = OV i divided by 2.3V The change in acceracy from
'Ig;-ﬂh:'lg-—ﬁﬂiﬁ\'u:.-:'ﬂildiidhmu‘i
Hote 1k Previous gmeration AMS-12-0C converters required noclinear
inpul stages a5 well ax 2 nonbeear core_ Some parts speofya OC reversal
e, combining Ehe =fiscs of inpet nonlnearity and inpet offs= L
The LTC1966 'uhmmm:mmmmmdﬂ#
voitage i the only significam source ol OC reversal emoc

Note 11: High spesd asiomatic festing cannat be performed with G0kz
inputs_ The LTT 1066 & 100%. t=sizd with D stimulus. Comelation tes
harve shown that the: performance: bmiss above can be guaraneed with e

additional esting being periormed in verily proper operation of all interral
rircuiTy

Hote T3 The LT 268 is a switched cpociior devics and the inpet
mrtput impedance i 2n average impedanos ower many chook oyokes. The
input impedanze will not ecerily ld o an atenuation of the in
sigral messured. Aeler S0 the Applications Iformation ssolion Inpurt
Impestance for mome isformation.
Nofe 13: The commen mode rejection ratios of the LTTT266 ane mesred
wth OCi from 50mi¥ 1o 250al The inprt CMAR & defined 25 the
change in Viyps messured bebwesen inpet levels of Vg o Vg + 350mV and
input l=vels of op — 350mV i Vi Shded by 'Wop - Weg - 350ml The
mmtﬂlﬂﬂi;&ﬁnduh:hrgh'ﬁuﬁmdﬂﬂmm-
Vs anel UT ATN = Vg, — 25lm Y divided by Vo - Vig; — 350mY
Hote $4: Exch input of the [TC1966 can withstand amy voltage within
the sepply range. These inpets are protecizd with ES0 diodes, so going
bespond the: voitages can damage the part i the absoletr mawmun
:mﬁmm.u&ﬁ:hﬂ'ﬂ%ﬂﬁMMMIiﬂi
inpul and voilage: swings are imited by intermal cipping. The
nﬁmﬂlﬂrﬂtd m1ﬁ|brgiﬂdhmr.nhpt
smingl is 14 This ‘o sither inpunt polarity, 5o it can be: of a5
T the 'irp-t&pmsmdtth 956
with gain, il &5 subjact n im=mal dipping. Exzesding the 1W madmum
an o the input crest bctor; mpadt the aoourany of the
dhpmumm Hupﬂ.Fﬂlnu::ﬂ.hLT%'uIm
h?:chg'nl vezly lerart of intermal clipping. The inpurt
chipping is tested with 2 orest factor of 2. while the mtput chpping is
tesizd with a DG inpet.
Hote #3: The LTC 1266 exploits oversampling and note shaping o redece
the quantzztion noise of ink=mal 1-bit analog-e-digital comeersions. &t
highsr inpet frqeencies, incresingly lage portions of this moise are
afizsed down o [C. Bacawse the noise is shified in freqeency, il becomes:
2w rumbie and i only fhered at the of increasi
m.mm1ﬁzhkmﬂyﬂhd' uq:cn?:“h ﬂ

lang

arr is deyraed ﬁsllmim.ﬂuurﬁanu' i wifl
M%Fﬁmﬁhha}ﬁmm-d Dﬂipl.trl.llﬂ:[

Nite 96 The LTC56 mn operate down 1o 2.7V single sepply but cammot
operzlz ot 27 7Y This additional consiraint o ' can be sxpressed

mathemasically @ -3 = (¥po— 2.7V < a5 < Ground
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LTC 1966

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1966
TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1966

TYPICAL PERFORMANCE CHARACTERISTICS
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LIC 1966

PIN FUNCTIONS

GHD {Pin 1): Ground. A power returm pin. OUT ATH (Pim &): Output Return. The cutput woltzge =
. . 3 A crezted relative to this pin. The Vpyp and OUT BTN pins

:méf;:ﬂ?" Difterantal Input. OC coupled (palarity & "+ balncad and i pin should be tied 1o & low

S ] _ impedanca, both AG and DC. Although it is typically tied

IN2 (Pin 3) Diffarential Input. OC coupled (polarity &= 4o GND, it can be fied to amy arbitrary valtaga, Vgg < OUT

imalgvant). ATN < (Wpp— Max Dutput). Best results are obézined when

¥ss (Pin 4)c Negative Voltage Supply. GND o —5.5¢ OUT RTN = GND.

¥our (Pin 5): Output Voltage. This i high impedance. Voo (Pin T): Positive Voltage Supply. 2.7V to 5.5¢

The AMS zveraging is accomplished with 2 singls shunt  EMABLE (Pin 8): An Active Low Enabla Input. LTC1966

capacitor from this nods to OUT RTN. The transfer func- g debisssd if open circuited or driven to Vg For normal

tion is givan by: operation, pull to GND, a logic low or evan Vsg.

[Vour — OUT RTH) = 1I|I.ﬂ.'.'emgal finz— v I

FEOE

8 Ly

92




LIC 1966

APPLICATIONS INFORMATION

AL [kl Ml PN SOMESDME WHO 085S
_ﬂulﬂ-r:-:t HEED THLE PRS- TO-0C NI ST TEEM THIS
OMNE RSN DOV DN [T SHEET

CONTACT LTC B FHOSE 07
AT worw limaar com SAD
SIT SORE N

oo
FOLLEL ALY T DLIT
T LTCIDEE?

O 0L AT T
EHOW! W T LEE THE
LICERT- FIFETY

=

FEAD T TROUBLESHOOTING W
SLIDE. IF MECESIATY, CALL FEAD T (ESGH [OS00K
L7T MO AFFLICATIONE. SUFFORT

TS

MW DOES OUR
P CIRCANT W
WELL EROLUGH THAT =70
IR ALY T B
THE ILTDENEG

FEAD THE TREOLEL ESHOOTING.
ELNDE SSANN (W CALL LT
*OR APPLICATIONS SUPPOT

LaAMACT LG
B0 PLACE YOI ORDER

BTas

Ly Uehe 9
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LIC 1966

APPLICATIONS INFORMATION
RMS-TO-DC CONVERSION

Definition of RMS

RMS amplitude is the consistant, fair and standard way to
mesure and compsane dynamic signals of all shapes and
sizes. Simply stated, the AMS amplitude is tha heafing
potential of a dynamic waveformo & 1Wgys AC wavaform
will generzia tha sama heatin a rasistive load as will 1V DC.

o @ﬁ
=

TV JAC + D)
[ 1]

Flgure 1
Mathamatically, BMS is the root of the mean of the square:
Vams = VVE

filiernatives to RMS

Orther ways to quantily dynamic waveforms include peak
detection and average rectification. Inboth casss, anavar-
age (DT} value results, but the valua is only sccurste at
the one chos=n waveform type for which it i calibrated,
typically sine waves. The errors with average rectification
are shawn in Table 1. Peak detection is worsa in 2l cases
and is rarely usad.

Table 1. Emore wilh Average Reclification vs Tue AME

AVZALSE
RECTIFEED
WANEFIAM Vauz L1 E=R0R"
Gowers Wres 1.000 1,000 1
Sin= Wxes 1.000 0300 " Cabibraie for 0% Emo
Tangle Waw 1.000 GG -aB
508 ot 17 Power, | 1000 IET -2
&=
508 at 10 Power, | 1000 0538 404K
a= 114"

The last tww entries of Table 1 are chopped sine waves a3
iz commanly created with thepristors such as 5CRs and
Triacs. Figure 2a shows a typical circuit 2nd Figure 2B
showes the resulting load woltags, switch voltage and lpad
currents. The powsr daliversd ta the load dapends on the
firing angls, as well as any parasitic losses such as ewitch
OMvohtage drop. Real circuit wawetoms will also typically
hava significant Anging at the switching trarsition, dapen-
dert an axact circuit parasitics. For the purpasas of this
data shest, SCA waveforms refers to the idsal chopped
sinewave, thaugh the TC 1966 will do faithful AMS-to-DC
cormersion with real SCR waveforms as well.

The casa shawn is for &= 90", which corresponds to 50%
aof availabls power being deliverad to the lozd. As noted in
Tzhla 1, whan @ = 1147, only 25% of the zwailzhls power
iz biaing delfvarad to the load and the power drops guickly
== © approaches 1807

With an average rectification scheme and the typical
calibration fo compansals for emors with sina waves, the
RMS lewel of an input sina wave is proparly reported:; i
iz onby with a nonsinusaidal weveform that ermors occur
Baczusa of this calibrafion, and the oulput reading in
Wi, the term true AMS gaot coined to denabe the wes of
an zcfual RMS-to-0C converter as opposed to a calibrated
awarage rectifiar.

4 Vioma _
DA

+
- o S
" ]
e o
— =1

Figurs 22

Fiqurz 2b

TaEdt
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LIC 1966

APPLICATIONS INFORMATION
How am AME-to-0C Comverter Wiorks

Maonaolithic AMS-to-DC convertars use an imiplicit com-
putaion to calculats the BMS walue of an input signal.
Tha fundamental building block &= an analog multiphy'
divids used as shown in Figurs 3. Anahysis of this topol-
agy is sasy and stars by idantiying the inputs and tha
autput of the lowpass filtar The input ta 'Iha LPF is tha
calculaion from the multiphar/diider; (Vg ﬁ.l'gLT Tha
lowpzss filter will take the average of this to create tha
autput, mathematcally:

-

Vour
Bacausa Vi is DG,

[ “iH]

] [[“IH]
Yo _
['I.E;]UT]E ﬂ:;u}?. or
Vaur =+ (Vi) = RMS {4

i
oo

AT

Fiqure 3. RMS-10-DC Converier with Implici Computation

Unlike the prior generafion AMS-to-0C corvertars, the
LTC1966 computation doss NOT use logfantlog crcuis,
vatiich hizve 2l the same problemes, and mare, of log/antilog
multipliers/dividers, 2., linearity is poor, the bandwidih
chanpes with the signal amiplitude and the gain drifis with
temiperatura.

How the LTC1968 AMS-i0-DC Converier Works

The LTC1986 wses a completsly new topology for BME-
to-0C cormesrzion, in which 2 AT modulator acts as the
divider, and a simpla polarity seitchis us=d as the multiplher
&= shiown in Figura 4.

ML

iy

Figurs 4. Topalogy of LTC1968

Tha AT modulstor has a single-bit outpart whose average
duty cycle () will be proportional ta the ratio of the input
signzl divided by the cutput. The AZ iz 2ndorder modulz-
tor with excallant linearity. The single bit output is used to
salectively buffer or invert the input signal. Again, this isa
circuit with excellent linsarity, becawss it oparates at only
twio points: 21 gain; the average effective multiplication
over time will ba on the straight line between thesa two
poirts. Tha combinaion ofthes= o elements againcrestes
a lowpass filter input signal proportional to (Vi) 2 Vo,
which, as shown above, results in AMS-to-DC comersian.

Tha lowpass filter performs the awaraging of tha AMS
funcion and must be a lower comer frequancy than the
lowest frequancy of intarest. For lina frequency measure-
mantz, this filtar is simply too larga toimplement on-chip,
but the LTC1 956 needs only one capacitor on the output
to implemsnt the lowpazs filier The user can salect this
capacitor depending on frequancy rangs and estiding Gme
requiraments, &= will ba covered in the Design Cookbook
section to follow.

This topolagy is inhersntly more stable and linear than
logfartilog implemantations primarily becawss all of the
signal proc=ssing oocurs incircuits with high gain op amps
oparzting clossd loop.

TSt
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APPLICATIONS INFORMATION

More datail of tha LTC186E inner workings is shown in
the Samplified Schematic towards the end of this daiz
shest. Maots that the imternal scalings are such that the AZ
output duty cycle i limited to 0% or 100% onky whan Vg
gaceeds =4 = Vg

Limearity of am AMS-to0-DC Corverter

Linearity may seem like an odd property for 2 devica that
implsments & function that includes two very nonlinear
processas; squaring and square roodng.

However, an AMS-to-0C converter has a transfer function,
AME volts in to DC volts out, that should ideally hawe a
1:1 transfer funcion. To the extant that the input to output
transfer function does not lie on a straight lne, the part
is nonlinear.

A maore complete look &t linsarity usss the simple model
shown in Figure 5. Hare an idesl AMS core iz cormupted by
bath input circuitry and output circuitry that have imperfect
transfer functions. Az noted, input offsst is imroduced in
the input circuriry, while output offeet is introduced in the
output circuitry.

Arry nonlinaarity that cccurs in the outpat circuity will cor-
rupt the RMES in to OC out fransfar function. & nonlinaarity
in tha input circudry will typicalty cormupt that transfer
function far less, simply bacause with an AC input, the
RME-to-0C conwversicn will average the nonlinearity from
a whole range of input valuas togather

But the input nonlinearity will =till causs probdems in an
RME-to-DC converter bacauss it will corrupt the accuracy
asthainput zignal shapa changas. Althowghan AMS-to-0C
converter will convert any input wavedonm to 2 D oufput,
the accuracy is not necessarily as good for all waweforms
as it is with sine waves. A comman way fo describe dy-
namic signal wave shapes is crest factor The crest factor
iz the ratio of the peak value relztive to the RMS value of
a waveform. A signal with & crest factor of 4, for instance,
haz a peak that iz four mes its AMSE value. Bacause this
pazk has anergy (proportional to voltage sguarsd) that is
16 times (4%) the energy of the AMS value, the pesk is
necEssanily pressnt for at most 6.25% (1116) of the tima.

The LTC1966 performs very wall with crest factors of 4
or kezs and will re=pond with reduced accuracy to signals
with higher crest factors. The high performance with crest
factors less than 4 i directly aitributable o the high linsar-
ity throughout the LTC1968.

The LTCA 866 doe= not requirs an input rectifier, as is com-
mion with traditional logfantilog RMS-to-0C converters.
Thusz, the LTC1968 has none of the nonlinearities that are
imroducad by rectification.

The emcadent inearity of the LTC1966 allows calibration to
b hightly effectve at reducing system errors. See System
Calibration section following tha Design Cookbook.

NPT GRCUMrY IDEAL CAUTFLA CERCLE T
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Flgure 5. Lin=arity Model of an AMS-lo-DC Comerer
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The LTC1966 AMS-t0-0C corveriar makes it easy to
implemnent a rather guirky function. For many applications
all that will ba needed is a single capacitor for aweraging,
approprizie selaction of the "0 connections and powar
supphy bypassing. 04 course, the LTC1966 also requiras
powar A widae varigty of power suppdy configurations are
showm in the Typical Applicstions section towards the and
of this data sheet.

Capacitor Walue Salection

Tha BMS or roof-mean-squared valua of a signal, the roaf
af the mean of the sguars, cannot be compuisd without
some 2veraging to obtzin the mearfunction. Tha LTC1 966
trus RMS5-to-0C corverter uilizes a single capacitor on
tha output to do the low freguancy averaging requined for
AMS5-ta-DC comvarsion. To give an accurale measurs of 2
dynamic waveform, the averaging must take placs ovar a
sufficientty long intarval to zverags, rather than track, tha
lowest frequency signals of interest. For a singls averag-
ing capacitar, the accuracy at low frequancies is depicted
in Figure &.

Figura G depicts the so-called DG arror that results at a
given combination of input frequency and filier capacitor
values!. It is approprizte for mast applications, in which
tha putput is fad fo 2 cincuit with an inheremntty band lim-
ited frequancy response, such as 2 dual slopalintegrating
AD convertsr a AT A/D converter or avan 8 mechanical
analog mefsc

Howewer, if the output is examined on an cscilloscope
with & wary low frequency input, the incomplste sverag-
ing will b= s==n, and this ripple will ba larger than the
arror dapicied in Figure G. Such an owtput is depicted in
Figura 7. The rippls iz at twice tha frequency of tha input
becauss of the computation of the sguare of the input.
Tha typical values shown, 5% peak ripple with 0.05% DC
arror, oceur with Gyyp = 1pF and figpyr = 10Hz.

litha application calls for the cutput of the LTG0 1966 to fesd
aeampling or Myquist AT convertar {or other cincuitry that
will not avarzge put this doubla frequancy rippla) 2 largar
avaraging capecitor can ba wsed. This trade-off is depicted
in Figure 8. The paak rippls ermor can also ba reduced by
additional kowpass filtering fter the LTC196G, but the
simplest eolution is to use a larger averaging capecion
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Figure 8. Peak Eror vi Input Freguency with One Cip Averagiag

A 1yF capacitor is & good choics for many applicatons.
Tha peak error at B0Hz%0Hz will be < 1% and tha DC emror
will b <01 % with frequencie= of 10Hz or mare.

Note that both Figure & and Figure 8 assume AC-coupled
wavetornms with 2 crest factor less than 2, such as zine
waves of tiangle waves. For higher crest factors andior
AC+ DG waveform, 2 langar Gy will genarally ba required.
GSiea Crest Factor and AC + DC Waveforms.

Capacitor Type Selection

The LTC1966 can operate with many types of capacitors.
Tha various types offer 2 wide array of sizes, tolerancss,

parasifics, packags styles and costs.

Ceramic chip capacitors offer low cost and small sizs,
but are nat recommended for critical zpplications. Tha
valus stability oeer voltage and temperature is poorwith
many fypes of ceramic dislectrics. This will not caus= an
AMAE-to-DC zocuracy problem exceptat low fraquenciss,
whars it can aggravate the effects discussed in the pra-
vious saction. If 8 ceramic capacitor is used, it may be
necassany o use & much higher nominal walue in ordar
to assura the low frequency accuracy desired.

Another parasitic of ceramic capacitors is lazkage, whichis
again dapendent on valtaga and particularly temparaturs.
If the leakage iz 2 constant current keak the | = R drop of
tha keak muttiplied by the autputimpedance of the LTC 1966
will create a constant offsat of the output woltage. If tha
laak iz Ohmic, the reziztor divider formed with the LTC 1966
output impadance will causs @ gain ermor For <0.1%
gain accuracy degradation, the paralisl impedance of tha

capacitor leakage will need to be > 1000 times the LTC1966
output impedance. Accuracy at this leval can ba hard to
achieve with a ceramic capacitor, particularty with 2 larga
value of capacitancs and at high temparature.

For critical applications, a film capacitor, such zs metalized
polyestar, will be & much betier choics. Athowgh mora
axpansiva, and largar for a givan walua, the value stabil-
ity and low lkeakage make matal film capaciors a trouhla
free choice.

Wiith army type of capacitor, the salf resonancs of the capaci-
tor can be an issue with the switched capacitor LTC1 966,
If the ==& rescnant frequency of the averaging capacitor
is TMHz or lasz, a second smaller capacinr should ba
added in parallel to reduce the impadanca ssen by the
LT 866 output stage 2t high frequenciss. A capacitor 100
times smaller than tha aweraging cpacitor will typically ba
small enough to ba a low cost ceramic with 2 high queality
dielectric such az X7H or NPO/COG.

Input Conmections

The LTC19646 input is differential and 0C couplad. Tha
LTC1966 respands ta the RMS value of the diffaremtizl
vodtage bebwean Fin 2 and Pin 3, including tha DC por-
tion of that difference. However, there i no DC-coupled
path fram the inputs fo ground. Thersfore, 2t lazst one of
tha twa inputs must be connected with a DI return path
to ground.

Both inputs must be connected to something. If aithar
input is laft floating, a zaro volt output will result.
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For single-sndad DC-cowpled applications, simply con-
nect ana of the two inputs (they are intarchangeabla) to
the signal, and tha other to ground. This will work well
for dual supply configurations, but for singls supply
configurations it will onky work well for unipolar input
signalz. The LTC1966 input voltage range is from rail-
to-rail, and when the input is driven abowe Vpp or bebow
Vg (ground for single supply operation) the gein and
offset emors will increass substantially after just a few
hundrad millivedts of ovardrive. Fartunately, most single
supply circuits measuring & DC-couplsd RMS value will
include soma reference woltage other than ground, and
the zacond LTC1 966 input can be connected o that point.

For zingle-ended AC-couplad applicaons, Figure 3 shows
thres alternzte topologies. The firstone, shown in Figure Ba
uses 8 coupling capacitor to one input while the other is
grounded. This will remove tha DC voltage difference from
the input to the LTC1966, and it will therefore nat be part
of the resulting output voltage. Again, this connection waill
wiork well with dual supply configuraSons, but in single
suppdy configurations it will be necessary to raiza the volt-
apge on the grounded input to asswe that the signal at the
acive input stays within the range of Vsg to Vg, If there
iz aready a suitabls voltage refarence available, connect
the sacond input to that podint. If not, 2 midsupply voltage
can be created with two resistors as shown in Figure Sb.

Finzlly, if the input waoltage & known to ba between Vgg
and Wpp, it can ba AC-cowpled by using the configuration
shiown in Figura 9¢. Whearezs tha OC return path was
provided through Pin 3 in Figures Ba and Bh, in this casa,
the return path = provided on Pin 2, throwugh the input
signal voltages. The switched capacitor action bebwesn
the two input pine of the LTC196E6 will cause the voltage
i
|

o T

(=2

on the coupling capacitor connectad to the second input
to follow the DC averaga of the input voltage.

For diffarental input applications, connect the two inputs
fo the diffierertial signal. If AC coupling is desired, one of
the twa inputs can ba connected throwgh 2 ssnies cepacion

In &l of thess connectons, to choosa the input coupling
capacitor, Cp, cabeulats the low frequancy coupling time
constant desired, and divida by the LTC1 966 differemntial
input impedance. Bacausa the LTC1 868 input impedanca
iz about 104 timas its cutput impadanca, this capecioris
typically much smaller than the output averaging capaci-
for. s requirsments are also much less stringent. and a
caramic chip capacior will ususlly suffica.

Duiput Connections

TheLTC1966 outputis diffsramtialby, butnot symmetrically,
panarated. That is to say, the AMS value that the LTCA B&d
compuies will be genarated on the output (Fin 5) relative
fo tha autput return (Fin &), but thase two pins are not
imterchangeabds. For most applications, Pin 6 will be tied
fo growund (Fin 1), and this will result in the best accuracy.
Howevar, Fin 6 can be tisd to 2ny voktage betwesan Veg
(Fin 4) and Vg (Pin T) le=s the maximum oufput voliage
swing desired. This lastrestriction keeps Vigyy itsalf(Fin &)
within the range of W=z o VWpp- If & referance kel other
than ground is used., it should be a low impedance, both
AC and DG, for proper oparation of the LTC1966.

Ltz= of a voltage in the ranga of Vg — TV 1to Vpp— 1.3V can
lead to errors due o the ewitch dynamics 2= the NMO3
transistor iz cut off. For this reasan. it is recommanidead
that OUT BTN = OV if Wipp &= <34

L}

{mm) {5t)

Figure 0. Single-Endzd AC-Coupled Inpul Comection Allemalives
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In any configuration, the averaging capeciior should be
connecied betwesn Fins § and 6. The LTC1966 AME OC

output will b= a positive volizge crestad at Vpyr (Pin 5)
with respact to OUT AT (Fin ).

Power Sepply Bypassing

The LTC1966 is a switched capacitor dewvica, and large
transient power supply currents will ba drawn == the
switching occurs. For refizhle oparation, standard power
supply bypassing must ba included. For single supply
operaion, @ 0.01pF capacitor from Vpp (Fin 7) to GND
(Pin 1) bocated close to the devics will suffice. For dual
supplie=, 2dd a sacond 0.01pF capacitor from Vs (Pin 4)
to GND (Fin 1), located close to the devica. If there is &
good queality ground plane available, the capacitors can go
directly 1o that inste=d. Powar supply bypass capacitors
can, of coursa, ba inexpansive ceramic types.

The samipling clock of the LTC1966 opsmatas at approg-
mafely 2006Hz, and most operations repeat af 2 rate of
100kHz. If this internal clock becomes synchronized to a
muftipls or submultipls of the input frequency, significant
conversion arror could occur. This is particulerhy impaortant
when frequencies excesding 10kHz can be injected into
the LTC1966 via supphy or ground bounca. To minimize
this possibility, capacitive byp=ssing is recommendad on
binth supplies with capacitors placed immediztely adjzcent
to tha LTC1BGE. For bast resulis, the bypsass capaciors
should be saparately routed from Fin 7 1o Pin 1, and from
Pin 4t Fin 1.

The LTC1966 nesds at le=st 2.7V for its power supply,
maire for dusl supply configurations. The ranga of allow-
able negative supply voltages (Vgg) ve positive supply
voltages (Vpg) is shown in Figure 10. Mathematically, the
Vg constraint is:

—3 = (Vpp—2.7V) = Veg < GND

The LTC1966 has internal ESD sheorption dewvices, which
are refaranced to the Vpp and V55 supplies. For effective
irrcircuit ESD immuniy, the Wpp and Vg5 pins must be
connecited to & low externzl impedance. This can ba ac-
comiplished with low impedance power planes or simphy
with the recommendad 0.01pF decoupling fo ground on
each supphy.

2 LTCI9EE |
"l..l DY FINTES. IS THIS ALY
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Figure 10. ¥zs Limiis v Voo
Up and Runmimg!

If you have followed along this far, you should have the
LTC1966 wp and running by now! Don't forget to enable
the devica by grounding Fin B, or driving it with a logic low.

Keep in mind that the LTC1 966 output impadance is fairly
high, and that even the ztandard 10ML2 inputimpedancas of
a digrial multimeter (D&M} or a 10« scops probe will load
down the output encugh to degrade ie typical gain arror
of 0.1%. In the end zpplication circuit, either a buffer or
anather companentwith anedremely highinputimpadanca
{such as 8 dual slope integrating ADC) should be used.
For laboratory evaluation, it may suifics to usa a bench
top DKM with the ability fo dizconnect the 10ML2 shunt.

If you are still having trouble, it may be helpful to skip
ahead a few pages and review the Troubleshooting Guida.

What Abowt Response Time?

With a larga value averaging capacitor, the LTC1966 can
easily parform AMS-to-0C corversion on low freqguancy
signale. It compares guite fzeorably in thiz regard to
prior ganeration prodwcis becauss nothing about the AT
circuitnyis temperature sensitive. 5o the RME result dossn't
get distorted by signal driven tharmal fluctuations liks a
logfantilog cancuit output does.

Hawewar, using large walue capacitors results in a slow
respanss time. Figure 11 shows the rising znd falling
shep respanses with a 1pF averaging capaciton Althowgh
they bioth appear at first glance to be standard expanential

fEdt

16

Lyuoe

100




LIC 1966

APPLICATIONS INFORMATION

.

G = 1

s

/]
]

i
|

LICIREE LTPUT fu'f)

3
1] 1 L a3 [E ] as

Rl =
-

Fiqure 112 LTC19§5 Rizing Edge with Cay - 19F

G = 1
0r
: |\
Em
e 1
H = II'l,I
E.
- by
=
‘H"‘\-\..\_‘_\_\_\__
s oz &4 ar oa
™™

Fiqure 118, LTC1986 Falllng E6ge with Cyye - 1pF

) T —F T ===
; \‘x ML \\ SR "\H N :
% : L0 ln: l::e.r\:l I:-A'p"\‘ cairh| € :‘J‘,I\l:l EF LR Y \ !.; m\llt P LA
B ¥ 1 t '| -
. (AN A VA1 AN A V111 AN AN

Fiqure 12. LTC1966 Setting Time with D= Cap Averaging

decay typs sattiing. they are not. Thiz iz dws to the nonfinear
natura of an AMS-t0-0C calculaion. Also note the changs
in tha time s¢als betwean the two; the rsing edge iz mone
thizn twice as faztto seite 0 2 given accuracy. Again thiz
iz 8 necassary conseguenca of AMS-to-DC cakulation.?

Althowgh shown wath 2 step changa betwean OmV and
100m\ the same responzs shapes will occur with the
LTC1068 for ANY step size. Thiz is in merked contrast
to prior genaration logfartilog AMS-t0-0C converters,
whosa aweraging Bme constants are dependert on the
zignal lewel, resulting in excruciatingly long waits: for the
output to go to zera.

The shaps of the rizing and f2liing ad ges will be depandsant
an the total percant changs in the step, but for lees than
thi 100% changes shiown in Figure 11, the respanses will
be less distorted and more like 2 standard exponantizl

decay. For example, when the input amplitude is changed
from 100mY o 110mV {#10%) and back (—107%), the step
rezponsas are essantizlly the same as a standard expo-
nential rise and dacay betwean thosa two levels. In such
c=zes, the time constant of the decay will be in between
thizt of the rising edge and falling edge cases of Figura 11.
Therefore, the waorst case iz the falling edge responss 2z
it goes to zero, and it czn be used as a design guida.

Figura 12 shows the zettling accuracy ve setifing tima for
& wanety of aweraging capacitor valuss. If the capacitor
valua previously selected (based on ermor reguiramants)
gives an accepizhle settling Bme, your design i dona.

i o T coned of S eonedy coode 8 pab e d 0% duly opthy ke Ol
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But with 100pE the satiling time to even 10% is a full 36
seconds, which is along time to wait. What can be done
about such adesign? i the reason for choosing 100pF is
to ksep the DG ernar with 2 T3mHz input less than 0.1%,
the answer is: not much. The s=ttiing Gme to 1% of TE
seconds is just 5.7 oycles of this edramely low frequency.
Averaging weary low fraguancy signals takes a long tima.
However, if the reason for choozing 100pF i to keap the
peak amror with 8 10Hz input less than 0.05%. there is
another way to achieve that result with & much improved
seitling time.

Reducing Ripple with 2 Post Filter

The output ripple = always much larger than the OC er-
rar, =0 filtering out the ripple can reducs the peak arror
substantizlly, without the large settling Gme penzlty of
simply increasing the averaging capacitor.

Figure 13 shows a basic 2nd arder past filter, for 8 net 3rd
order filtering of the: LTC1 866 AMS: calculation. tuses the
85kl putput impadance of the LTC1 966 as the first ressior
of a 3rd order Sallan-Key active BT filker This topology
features 2 huffered output, which can be desirabls depend-
ing on the application. However, there are diszdwaniages
to this topology, the firstof which i that the op amp input
voltage and current errars directly degrada the effactve
LTCA1966 Vings. The tabls inset in Figura 13 shows thesa
errarg for four of Linsar Technology's op amps.
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Flgure 13. Bufiered Post Filber

A second disadvantags is that the op amp output has
to oparate ower the sams range as the LTC1 066 autput,
including ground, which in single supply applications is
the negative supply. Although tha LTC1966 output will
function fine just milleolts from the rail, most op amp
output stages (and evan some input stages) will not.
There are at kest two ways to address this. First of all,
the op amp can be oparated zplit supply if a negative
supply iz availabde. Just the op amp would nesd to do z0;
the LTC1966 can remain single supply. & second way to
address thiz isswe is to creats a signal referenca voltage a
half volt or 20 abowe ground. This is most atiractive whan
the cincuitry that follows has a diffarential input, so that
the tolerance of the signal refierenca is nof a concem. To
do thiz, tie 2l thres grownd symbols shown in Figura 13
totha signal refisrence, as well as to the differential return
for the circuriny that follows.

Figura 14 zhows an altsrnative 2nd crder post filter for
a net 3rd order filtering of the LTC1966 AMS calculation.
It alzo uses tha B5k0) output impedance of the LTC1 866
as the first resigtor of a 3rd order sctive AC filter, but this
topaology filiers without buffering so that the op amp DC
error charactaristics do not affect the output. Although the
outputimpadancs of the LTC1 966 is incressed from 850
i 285kE2, thiz is nof an issue wath an extremety high input
impedancs load, such as 2 dual slops imagrating ADC like
the ICLT106. And it sllows a generic op amp fo be wsad,
such 2= the S0T-23 one shown. Furthermara, it essily
works on 2 single supply rai by tying the nonimarting
input of the op amp fo a low noise referenca as optionalby
shiowr. This refarance will not change the OC voltage at
the circuit output, although it does become the AC ground
for the filter, thus the (relativehy) low noise reguiremant.

Figure 14. DC Accarzle Prst Filter
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Step Responzes with a Post Filter

Both of the post filtkers, shown in Figures 13 and 14,
are optimized for additional filtering with clean stsp
responses. The B5kil output impedance of the LTC1 966
working irto 8 TpF capacitor formis & 15t order LPF with
8 —3d8 freguency of ~1.8Hz. The tea filkars have 1pF =t
the LTC 1916 output for easy comparisocn with & 1pF onby
case, and baoth have the same relative | Be=zsl-iks) shapa.
Howsevar becsuse of the topological differsnces of pale
placemants between the various components within the
two filters, the net effective bandwidth for Figurs 13 is
elightly higher (=12 =18 = 2.1Hz) than with 1pF alona,
while the bandwidth for Figure 14 is somewhat kower
(=07 = 1.8 = 1.3Hz) than with 1pF alone. To adjust the
biandwidth of sither of tham, simply scals 2l ths capacitors
by a commaonmultiple, and leave the resistors unchangsd.

The =tap responses of tha LTC1 966 with 1pF only and with
thee two post filters are shown in Figure 15. This is the ris-
ing adge RMS output responsa io a 10Hz input starting
at t = 0. Although the falling edge response is the worst
case for satiling, the rizing edge illustrates the ripple that
these post filters are designed to addrass, so the nising
edge makes for 2 bettar infuitive comparison.

Theinitial riz= of the LTC 1966 will have enhanced slew rates
with DC and vary low frequency inputs dus to saturation
gffects in the AT modulstor This i sean in Figurs 15 in
fwen ways. First, the 1pF only output is seen o nizs very
quickly intha first 40me. The second way this effact shows
up is that the post filier outpuis have 2 modest overshoot,
on the order of ImV to 4my or 3% to 4%. This iz only

ar izzus with input freguency bursts at 50Hz or less, and
even with the overshoot, the s=tting to a given level of
accuracy improves dus to the initial speedup.

As predicted by Figure 6, the DC amar with TpF is well
undar 1m\ and iz not noticeabls at this scale. Howevar, a5
predicted by Figure 8, the pesk arror with the ripple from a
10Hz input is much largsr in this cass abowt Smiy As can
ke chearty sean, the post filkers reduce this ripple. Evan
thie wider bandwidth of Figure 13's filter is 2sen to cut the
ripple down substantially (o < 1mV) while the setting to
1% happens faster. With the narrawer bandwidth of Figure
14 filier the =iep e=ponse is somewhat slower but the
doubls frequency cutput rippla is just 180pY

Figura 16 shows tha step response of the same three cases
with a burst of G0Hz rather than 10Hz. With G0Hz, tha ini-
fizl portion of the step response is free of the boost sean
in Figure 15 and the twao post filter re=ponses have less
than 1% owvershioot. The TpF onby cx=e s8ll has noticeable
120Hz ripple, but both filters have remowed all detectable
ripple on this scala. This is to be expecied; the first arder
filter will reducs tha ripple ahout 61 for 2 6:1 change in
frequency, while the third ordar filters will reduce the
ripple about 61 or 216:1 for 2 6:1 change in frequency.

Again, the to filtler topologies have the same relative
shizpa, 50 the step response and ipple filtering trade-offs of
the two ars the sama, wath the sama performancs of sach
passible with the other by scaling it accordingly. Figures
17 and 18 show the pesk emar va. frequancy for a selec-
fion of capaciiors for the two diffarent filier topologies.
To keap tha clean stap responsa, sczls all thres capacitors

Figurs 15. Slap Responses with 10z Burst

Figurs 15. Slep Respomses with 60Kz Burst
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Figure 8. Peak Errer vs Inpel Fregueency with OC Accursle Post Filter

within the filter. Scaling the bufferad topology of Figure 13
is simiple becawss the capacitors are in & 10:1:10 ratio.
Scalfing thae G accurate topology of Figure 14 can be done
with standard value capacitors; one decade of scaling is
ghown in Tzhle 2.

Taible 2. Oue Decade of Capachor Scaling for Figure 14 with E1&

lemdand Yahes

Cnt by =Gy
1F I3 F
1 sigh 1.33pF

2.29F DL 4pF

1355 [LEBpF

A7k I

.8gF i5gF

Fgures 19 and 20 show the sattling time versus sattling
accuracy for the buffared and DC accurate post filiers,
rezpectively. The differant curves represant different scal-
ings of the filters, &= indicated by the Cgyr valua. Theseare
comparahle to the curves in Fgure 12 {single capacitor
czze), with somewhat less seftling time for the buffared
post filkar and somewhat more settling tima for the OG
accurate postiitter. Thesa dfferences are due to thechange
in ovarall bandwidth a= mentianed earliar.

The other difference is the sstifing behavior of the filkers
below the 1% level. Unlika the case of a 1st crdar filter,
any Ard order filtar can hawe ovarshoat and ringing. The
filier designs presented hare have minimal owershoot
and ringing. but are somewhzt sensitive to componernt
mizmaiches. Even tha +12% tolarance of the LTC186E6
output impedancs can be encugh fo cause some ringing.
The dashed lines indicate what can happsn when £5%

czpacitars and =1% resistors are usad. -
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Although the sstifing times for the post fltered configu-
rations shown on Figures 19 and 20 are not that much
different fram those with a single capacitor, the point of
u=ing & post filter is that the setifing times ares far better
fior & givan lewel paak errar The filiers dramatically reduce
the low frequency avaraging rippls with far b=z impact
on seftling time.

Cre=t Facfor amd AC + DC 'Waveforms

in the preceding dizcussion, the waveform was assumsd
fo be AC-coupled, with 2 modest crest factor. Both as-
sumptions ease the requirements for the awveraging
capacitor With an AC-coupled zine wave, the calculstion
enging squarss the input, s0 the awaraging filter that
follows is reguired to filber twice the input frequaency,
making its job easier Buf with a sinewave that includes
OC oifset, the square of the input has freguency comert

at tha input freqguency and the filker must average out
that lower frequency. So with AC + OC wavefarms, the
required walue for Gy should be based on half of the

lormest input frequency, using the same design curves
pre=santad in Figures 6, 8, 17 and 18.

Crest factar, which iz the peak to RMS ratie of a dynamic
signal, alsp effects the requirad Cpgyy value. With a higher
crest factar, maore of the anergy in the signal is concan-
trated imto 2 smallar portion of the waveform, and the
averaging has to ride ouf the long lull in signal activity.
For buey wavefarms, such 2= 8 sum of sine wawves, BDG
frac=s or BCR chopped sine waves, the required valus for
Ciave should be bazad on the lowest fundamental input
frequancy dividad 2= such:

finpuTIMI
ey = PN
3= yCF -2
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wging the same design curess prasanted in Fguwnes G, 8,
17 and 18. For the worst-case of sguare top pulse trains,
that ara always either mero volts or the pesak voltags, bass
the selection on the lowsst fundamantal input fraquency
diaded by twice &3 much:

fimPuTVI
foesaen =-—mh[.'_
Beo/CF— 42

The effects of crest factor and OC offs=ts are cumulztive.
So for example, 8 10% duty cycle pulse train from 0Woza
t0 1Vppay (CF =10 = 3.16) repeating at 16.67ms (60Hz)
input is effectivaly onby 30Hz due to the OC asymmetry
and is effectively only:
PESIEN = = 378z
Bey316—+2

for the purposes of Figures @, 8, 17 and 18.

Oibviously, tha effect of crest factor iz somewhat simplified
above green the factor of 2 difference based on 2 subjec-
fee description of the wavaform typa. The results will vary
somewhat based on actusl crest facior and waveform
dynamics and the type of filkaring used. The above method
is corsarvative for some cases and about right for athars,

The LTC1968 works wall with signals whosa crest factor is
4 orle=z. Athigher crest factors, the intsmal AE modulator
will egturate, and resultz will vary depanding on the exact
frequency, shape and (1o & lesser gxdent) amplitude of the
input waveform. The output voltage could be higher or
I then the actual RMS of the input signal.

The AL modulator may also saturate when signals with crest
fzctors less than 4 are used with insufficient aweraging.
Thiz will onby occur whan the output droops to less than
1/4 of the input voltage peak. For instance, a DC-coupled
pulse frain with a crest factor of 4 has 3 duly cycle of
G.25% and & TWpgag input iz 250mVpyys. If this input is
50Hz, repeating evary 20ms, and Cayp = 1yF; the output
will droop during the inactve B3, 75%. of the wavefiorm.
This drocip is calculated as:

IRACTIVE TIME
Wi = """1:"3 1—5'12 * Zour= Cawe }

Forthe LTC 1966, whioss outputimpedanca {Zq,7) is BSkLy,
this droop waorks out to —5.22%, =0 the output would be
raduced to 237 mV at the end of the inactive porSion of the
input. Whan the input signzl again climbs to 1Wppeg, the
peakioutput ratio is 422

With Gy = 10gF, tha droop i onby —0.548% to 248 6mV
and the peakioutputraiio iz just 4.022, which tha LTC 1966
has enowgh margin to handle without error

For crest factors less than 3.5, the salection of Cgye a8
previously described should be sufficient to zwoid this
droop and medulator saturation effect But with crest
factors sbove 3.5, the droop should also be checked for
sach dasign.

Ermor Analyzes

Onca the RMS-to-0OC corversion circuit is working, it is
time to t=ke 2 stap back and dio an anslysis of the zccuracy
of that conwversicn. The LTC1866 speciications. include
thres basic static ermor terms, Viogs, Vios and GAIN. Tha
putput offest is an emor that simphy adds to [or subtracs
from) the voliage at the output. The corwersion gein of
the LTC1966 iz nominalby 1.000 YWoppumVawey and the
gain erros reflacts tha extent to whiich this corvarzion gain
ig not parfectly wnity. Both of thess affisct the results ina
fairly obvious way.

Input offset on the other hand, despite ds concephual
simplicity, effiects the output in 2 nonobvious way. As
its name implisz, it is 2 constant emor volage that adds
direcy with the input. And it is the sum of the input and
Vips that is RMS converted.

This means that the effect of Vigg is warpsd by the
nonfinear AMS conwvarsion. With 0.2mV (&vp) Vygs. and
8 200mV ppys AL input, the AMSE calcwlztion will 2dd the
OC and AC terms= in an RMS fashion and the effect is
negligible:

Vour = {200mV AC) + (0.2mV DC)2
0001 mV

= 200mV + 1/2pom
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But with 10 less AC input. the error czused by Vs is
100k |arger:

Vigut = ¥[20m¥ AC)E + (02mV DC}
= 20.001mY
= 20mi + Slppm

Thiz phenomenz, although small, is one source of the
LTC1966's residual nonfinearity.

(On tha ather hand, if the input is DC-coupled, the input
offzet voltage adds directly. With +200mV and 2 +0.2mV
Vigs, 2 200.2mV cutput will result. an ermor of 0.1% or
1000ppm. With DT inpute, the ermor caussd by Vios can
be positive or negaiive depending if the faeo hiawe the same
or opposing polariy.

The total conmversion error with 8 sine wave input using the
typical values of the LTC1966 static errors is computsd
a5 follows:

Vour =(4[500mVACY + {0.2mV DG} = 1.001 + 0.1mV
= 500 G00mVY
= 500mY + 0.120%

Vigur = (¥T50mV ACZ + (0.2mV DCJZ) = 1.001 + 0.1mv
= 50.150m\
= 50mV + 0.301%

Viour = (v{5mV AC)2 + (D.2mV DC)2) =1.001 + 0.1mV
= 5.109mV
= 5mV + 2.18%

As c=n be pean, the gain tarm dominates with large inputs,
whiile the offset terma become significant with smallar
inputs. bn fact, Sm\ is the minimum RME level nesded to
keep the LTC1966 calculation core functioning nonmally,
so this rapresents the worst-case of usahle input levels.

Lk=ing the worst-c==a values of tha LTC1 966 static smmars,
the total cormversion emmar is:

Viur = [500mV A2 + [0.8mV DG +1.003 + 0.2mV
= 501.70mV
= 500mV + 0.340%

Vigur = (¥{50mV AC)Z + (0B DC)Z) = 1.003 + D.2mv
= 50.356mV
= 50m + 0.713%

Vour = (v[5mV AC)< + (0LBmY DC)<) = 1.003 + 0.2m\
= 5.270mV

= 5m + 5.57%

These static ermor terms are in addifion to dynamic error
terms that depend on the input signzl. Sea the Design
iCookbook for a dizcussion of the OC comeersion arror
with low frequancy AC inputs. The LTC1966 bandwidth
imitations causs additicnal errcrs with Righ frequency
nputs. Another dynzmic armor s dws to crest factor The
LTC1966 performancs wersws crest factor iz shown in the
Typical Parformance Charactaristics.

Manaotonicity and Limearity

The LTC196E, like =il imphict RMS-to-0C convertors
[Figura 3. has a division with the outputin the dencminator
Thiz warks fine most of the tima, but when the output i
zaro or near zero this becomss problematic. The LTC1 866
has multiple switched capacitor amplifier stages, and
dapending on the differant offzets and their polarity, the
DC trar=far curve near zero input can take a few differsnt

forms, a8 shown inthe Typical Parformanca Charactenistics
graph tiled DC Tran=far Function Mear fara.

Some unitz (zhout 1 of avary 16) will even bawell behavad
with @ transfer funcSon that is the upper half of & unit
rectangular fryperbaola with a focal point on the y-axis of
a faw millivalts. For A inputs, these units will have &
minotanic transfer function all the way down fozero input.

The LTC1966 iz trimmed for offsate as small &= practical,
and the resulting behavior is the best statistical Bnearity
provided the zero region troubles are avoided.

It is possibls, and evan easy, to force the zeno region to
ba well behiaved at the price of additional (thowgh predict-
b} W e and some linearity error. For kznge anough input
signals, this Bnearity anor may be neghgibis.
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To do this, inject current into the cufput. A= showm in
Figura 21, the chargs pump autput impedancs i 170k,
with the compuiztional feedback cuiting the clossd koop
cutpurt impedance ta the B5ki) specificztion. By injscting
Z0n#of cumentinto this 17002, with zero input, a5mi offzet

LITIEE
g DO
i
E IS TO
I | COMRTREIOH
[
j L

1]

Flgmre 1. Behaviaral Block Diagram o LTC 1968

is created at the output feedback point, which is sufficiant
to ovarcama the SmV minimum signal beeel. With largae
anough input signals, the compuiational fesdback cuis
the output impedance to BSke) o the transfer function
asymiptotes will have 2n output offset of 2.5m\ a8 shown
in Figura 22. This is the additional, predictabls, Vops that
ie added, and should ba subbracted from the AMS rezults,
aithier digially, or by an analog mears.
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Fiqure 222, OC Transter Fusction with ky g7 - 300A

oy i &I -

Flgure 225 AL Tramsler Function wih lssecr = 3004

Figure 33 shies an analog implemantation of this with
the offset and gain errors comecizd; only the slight, bt
nacassary. degradation in nonlinearity remains. The cir-
cuit works by creating approximatedy 300mV of bias at
the junction of the 10ML} resistors when the LTC1966's
mputiautput zre zero. The 10O resistor to the LTC1 066
output therefara fesds in 30nA. The loading of this necis-
ior causes 2 slight reduction in gain which is comecizd,
&5 is the mominal 2.5mV offest, by the LT1454 op amp.

Fiqure 23. Monadaalc AC Responsa with Desd
and Galn Comeched

24
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The two 1084} resistors not eonnected to the supply can
b any value =5 long &= they match and the feed voltage
is changed for 30nd injection. The op amip gain s only
100845, so the outputis dominated iy the LTC1966 AMS
results, which keaps srrors low. With the values shown,
the resistors can be +2% and only infroduce +170ppm of
gain earor. The B4-5k resistor is the closest match in the
1% El& walues but if the 2% EIA value of B3k ware usad
instead, the gain would only be reduced by 248ppm.

This low error saneiivity is important becsuse the LTCT 986
cutput impedance iz 85kl +11.8%, which can create a
gain error of +0.1%; enough to degrada the overall gain
accuracy spmewhat. This gain variation term is incraassd
with kowar walus feed resistors, and decraased with higher
value feed resistors.

A bigoer arror caused by the variztion of the LTC 066
cutput impedancs is imparfect cancelation of the output
offsstintroduced by the injected cument. The off est core:-
fan providad by the LT1494 will be besad an a consigtert
4.5k times the injected currant, whils the LT 1 966 output
impedance will vany ancugh that the output offset will have
8 =300V range about the nominal 2.5m\ If this level of
cutput offzat is not acceptabde, pither system calibration
oir 3 patetiometer in the LT14594 feed beck may be nesded.

I thie tweo 10MLY fesd resistors to the LT 1494 have signifi-
cant mizmateh, cancaliztion of the 2.5m\ offset would be
further impacted, so it is probebly worth paying an axra
p=nny ar s for 1% resistors oreven the betier tempsrztune
sizhility of thin film devices. Tha 300mVY feed voliags is
nat pariicularty critical because it is nominally cancalisd,
but the offset ermors dus to these resiztancs mismatches
iz scaled by that voltage.

Mofe that the input bias current of the op amp used in
Figura 23 iz ako nominally cancelled, but it will add ar
subtract o the total current injectsd into the LTC 066
cutput. With the 1nf |pjas of the LT1494 this iz nagligible.
Whila itis possible toeliminate the feed resistors by using
an op amp with 2 PMP input stage whoss lges is 30nA

ar more, lgs is wsuslly anly specified for meimuom and
thiz cinrcuit neads & manimum of 30nA, therefore such an
approach may not always work.

Bacause the circuit of Figure 23 subtracts the offeet cre-
sted by the injected current, the LT 1494 output with zer
LTCA %55 input will rest at +2 Sm\ nominal before offzeats,
rather then the SmV eeen in Figure 22.

Output Errors Versus Frequency

#= mentioned in the Design Cookbook, the LTC1966 par-
toanmes wary well with low frequency and very low frequency
inputs, provided alarge anough zveraging capacioris used.
However the LTC1 966 wil heve-additional dynamicerrorsas
thi input frequency is increzsed. The LTC1 866 is designed
for high 2couracy AMS-to-0 conmversian of signals imo
the audible range. The input sampling amplifiers have 2
—3dB frequency of B00kHz or 20. However, the switched
capacitor circuitry samples tha inputs at amodist 10 0kHz
nominal. The rezpones varsus frequancy is depicted inthe
Typical Performanca Charscteristics titled Input Signal
Bandwidth. Although there is a pattern to the responss
warzus frequency that rapaats every =ample frequency, the
airoirs areniot overateiming. This iz becauss LTC 1966 RMS
izbculation is inherentdy wideband , aperafing proparky with
minimal pversampding. or evenundarsamipling, using sew-
aral propristany techmigues to exploit the fzctthat the RME
walue of an alizzad zignal is the same as the RME value of
the original signal However, & fundamantal feature of the
AT modulztor is that sample estimation noizs is shaped
such that mirimal noiss occurs with input frequencies
much less than the sampling frequency, but such noiss
paaks when input frequency reaches half the sampling
freguancy. Fortunatehy the LTC1 366 autput averaging filker
graathy reduces this arror, but the AME-1o-DC topology
frequancy shifts the noise to low (baseband] frequancies.
S0 with input frequencies abowe SkHz to 10kHz, the output
will slawety weandar around £a faw parncant
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Input Impedance

The LTC186E true AME-to-0C converter wlilizes a 2 SpF
capecitor to sampls theinput at a nominzl 100kHz sample
frequency. This accounts for the BML input impedanca.
See Figura 24 for the equivalent analog input circui. Note
hioweevar, that the ML) input impedance doss not directy
affect the input sampding accuracy, For instance, if a 100k
sourca resistance isused todrivathe LTC1 966, tha samipling
action of the input stage will drag down the woliage sesn
at the input pins with small spikss 2t every sample clock
edge as the sampls capaciior is connected to ba charged.
The time constant of this combanation is small, 2 5pF =
1006t} = 2500z, and during the 2.5ps pariod dewvated fo
sampling. fen time constants elapse. Thizs allows each
sampls to satils to within 48ppm and it is these samples
that are used to comiputa tha RME walua.

¥m
l--|1 ﬂm‘l'l'ﬁ'
I :L_ m"" E
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x . 1
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Figure 24. LTC1956 Equivalent Analag Inpat Chrcal

This is 2 much higher accuracy than the LTC1 866 comer-
sion limits, and far better than the accuracy computed via
the simplistic resistve divider modsl:

This resistive divider calculation doas grve the cormect
mixdel of what voltags is ssan at the input terminzls by a
paralisd load averaged ower a several clock oycles, which s
wifizt a large shumt capacitor will do—awerage the cument
spikes over several clock oycles.

¥Whan high sourcaimpedances arausad. care mustbatakan
to minimize shunt capacitanca 2t the LTC1966 input 50 a3
not to incraasa the s=tifing time. Shunt capecitancs of just
2 .5pF will doubls the input settling time constant and the
arror in the above exampls grows from 46ppm to 067 %
(G700ppm). A 13pF scope proba will incresss the emror
to almast 207%. As a consaguance, it iz important to not
try to filtar the input with largs input cepacitancss unless
driven by 2 low impedance. Keep time constant << 2 5ys.

When the LTC1 966 is driven by op amp outputs, whoss low
OC impedance czn be compromised by sharp capacitive
lczd swatching, 2 small s=ries rasistor may be addad. A
10k resistor will ezsily saite with the 2. 5pF input sampling
capacitor to within 1 ppm.

Theseare important paints fo consider both during design
and debug. During lab dabug. and even production testing,
a high value series resistor to any test point is advisahle.

Quiput Impedance

The LTC1966 output impedance during operation is simi-
larty duwe to a switched capacitor action. In this case, 39pF
of an-chip capacitancs opsrating at 100kHz franslates info
170kLE. The clossd loop RME-o-DC calculation cuts that
in half to the nominzl BSki specified.

Im order to creata a DG result, a large averaging capacitor
is reguired. Gapacitive loading and time constants are not
an issue an the autpurt.
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However, resistive loading &= an issue and the 10842
impedancs of a OMM or 10x scope probe will drag the
output down by <0.85% typ.

Dwring shutdown, the switching action is halted and a
fixed A0k resigtor shunts Wiy to OUT ATH 2o that Cayr

iz discharpged.
Guard Ringing the Dutput

The LTC1966's combinztion of precision and high output
impedanca can present challenges that make the use of
a guard ring arcund the output a good idea for many ap-
plicaticns.

As mantionad zbowe, 8 10M resistve lcading o grownd
wiill drzg down the gain far mare than the spacificad gain
toleranca. On a printed circuit board, comaminants from
solder flux residue to fingar grime can creats parasitic
resistances, which may be very high impedance, but can
hiava dalaterious effects on the realized zccuracy. As an
gxampls, if the output (Pin 3) is routed near Yss (Pin 4]
ina+5V application, a parasitic resstance of 16 {1, 0008)
is anowgh toimtroducs 8425V output offset ermor mome
than the specfied limit of the LTC1966 itzal.

Figure 242, PCE Layoul of Figure 13 wilh Guzrd Risg

Usa of a guard ring, wharain the LTC1966 cutput node i
completely surrpunded by & low impedance voltags, can
reduce |eakage relafed emors substanfizlly. The ground
ring can ba tied to OUTRTN (Pin &) and should ancircle the
output (Fin 5), the averaging capacitor tsrminal, and the
destinaticn tarminal 2t the ADC, filler opamp, or whatewver
else may ba next.

Figure 24z shows a samipls PCB layout for the circudt of
Figure 13, wharain the guard ring trace encloses A1, A2,
and tha tarminals of C1, G2, and the op amp input con-
nected to the high impadance LTC1 866 Output. For the
circuit of figura 14, the guand ring should enclose R1 and
the terminals of C1 and G2, as wall as the teeminal at the
ultimate destnation.

Figure 24b shows 2 sample PCE layout for the cincuit of
Figure 23. The summing noda of the LT1458 has the same
highimpedanceand high accuracy as the LTC1 366 output,
50 hare the guard ring encircles bath of them. Amy leakage
biatween them is benign becauss the LT1494 forces them
to the s=me nominal voltage.

Figura 243 PCB Layoul of Figure 23 wilh Guzrd Risg
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Interfacing with an ADC

The LTC1 966 putput impedance and the RMS averaging
rippls need to be considersd when using an analog-to-
digital comearter | ADC) to digitizs the LTC1 966 RME rezult.

The simplest configuration is to connect the LTC1 966
directly to the input of 2 typa 71067136 ADC as shown
in Figura 25a. The== devices are designed specifically for
DWM/DPM wz= and include display drivers for a 3 172 digit
LCD sagmerted dizplay. Using a dual slope corersion,
theinput iz sampled ower a long integraSon wandow, which
rezults inrejection of line frequency ripplswhan integration
time is an intager number af line cycles. Finally, thess parts
have an input impedancs in the GL1 range. with speciied
input leakage of 10pA 1o 20pA. Such & lakage, combined
with the LTC1966 owtput impedancs, resulte in just 1pv

to 2pV of additional cutput offset voltage.
LG 5SS T10E TEFE

| 11 AH

[ 2] L i o W LD

Flgure 23a. [aberiacieg 1o DVE/DPM ADC

[ =L
| mars

1 menwmay coneecr
aan — LOADING ERRIRS

Figure 250. Interiaciag io LTC2420

Anathar type of ADC that has inherent regsction of AMS
averaging rippleis an owersampling AL With most, but not
all, of thess dewices, it s possible to connect the LTC 068
cutput directhy to the comverter input. lzzues fo kook put

far @re the input impedancs, and amy input sampling cur-
rentz. The input sampling curranés drawn by AY ADCs
often have large =pikes of current with short durations
thiat can confuse soms op amps, but with the large Coy
neadad by the LTC1 966 thees are not 2n issws.

The average currentis important, a= it can create LTC 1966
arrars; if it is constant it will create an offsat, while aver
age currants that chiznge with the voltage bevel craate gain
armors. Some converters run contnuously, others only
ezmipla upon demand, and this will change the results in
ways that nesd fo be understood. The LTCT966 owtput
impedancs has 2 looss tobsranes relativs to the uswsl re-
mztors and the sama can be true for the input impadanca
of AT ADC, rezulting in gain errors from part-to-part. Tha
gystem calibration techniques described in the following
saction should be used in applications that demand tight
toldarancas.

Ore axample of driving an ovarsamipling A ADC is shown
in Fagure 25h. In this circuit, the LTE2420 is usad with a
W V. Since the LTC1 966 output voltage range is about
TV and the LTC2420 has 8 +12 5% extandad input rangs,
this configurafion matchas the two ranges with room to
gpare. The LTC2420 has an input impedance of 16.60L2,
rezuling in & gain error of —004% to —006%. In fact, the
LTC2420 DC input current is not zero at 0V but rathar at
onie half ite refarence, 20 both an output offsst and a gain
arrar will result. Thess arrors will vary from part to part,
but with & =pecific LTC1966 and LTC2420 combinaton,
e arrors will be fixed, vanging bess than +0.05% ovar
temparzture. 5o a system that has digital calibration can
be quits accurate despite the nominal gein and offset smor,
With 20 bits of resolution, this part is mare accurats than
the LTC1966, but the extra rezolution is helpful becauss
it reduces nonlinesrity at the LSB transitions &= a digital
pain correction is made. Furtharmore. its small size and
pzza of use maks it atfractivs.
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Az iz shown in Figure 25b, whare the LTE2420 is sst to
continuously camert by grounding the C5 pin. The gain
ernar will be less if C5 is driven at a slower rata, howewvar,
the rate should aither be consistant or ata rats low anough
thatthe LTC1966 and s output capecitor have fully setted
by the baginning of each canversion, o that the loading
&ITare are consistent.

Mote that in this circuit, the input current of the LTC2420
iz baing used bo 2=sure monotonicity. The LTC2420 Zyy of
16.6MLD iz effectively connected to helf the reference volt-
2ga, sowhanthe T01 966 has zero signal, S00mV16.GMC2
= A0nA is provided.

Alternatively, a 5V Wy can be used, bt in this cazs the
LTC1 966 cutput apan will only usa 20% of the LTC2420s
input voltage range. Furthermone, if the OUTRTN remains
groundad, the injscted currert with zero signal will ba
150nA, resulting in 5w the offeet ermor and nonlinearity
shown in Figurs 22,

In bath of the circuits of Figure 25, 2 guard ring only has to
encircle thres terminats, the LTC 1966 output, the fop of the
=waraging capacitor, and the ADC input. Figura 26 shows
the top copper patterns for exampls PCH layouts of each.

The low power consumpSan of the LTC 1966 makes it wall
suited for battery powsred applications, and its slow output
{OC) makes it 2n ideal candidate for @ micropowar ADC.

Figure 262. PCE Laysut ol Figure 253 with Guard Ring

Figure 26b. PCE Layoul of Fiqure 25b with Guard Riag

Figure 10 in Application Mate T5. for instance, details &
10-bit ADC with 8 35ms corversion Bme that uses just
29A of supply current. Such an ADC may alzo be of uss
within & 4mA ta 20mA loop.

Other typas of ADCs zample the input signal once and
perfarm acomearsian an thatons sampla. With thesze ADCe
[Myquist ADC=), 2 post filter will be nsedad in most casas
to reduca the pask arror with low input freguancies. Tha
OC zccurate filter of Figurs 14 is aftractive from an error
standpoint, but it increases the impedance at the ADE
input. In most cases, the buffared post filter of Figurs 13
will be mare appropriate for use with Myguist analog-to-
digital comvarters.

SYSTEM CALIBRATION

The LTC1966 static accuracy can be improved with and
zystern calibration. Traditionally, calibration has been
domne &t the factary, or &t a sarvice depot only, typically
using marually adjusted potentiomeders. Increasingly,
gystems are being designed for electronic calibration
whers the accuracy comections are implamanted in digitzl
code wherewer possible, and with calibration DACs whare
necessany. Additionally, marry systems ara now designed
for z=if calibration, in which the calibration occurs insida
tha machine, automatically without wser intsrvention.
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Whatewar calibration schema is used, the linearity of the
LTC1966 will imprawe the calibrated accuracy owar that
achisvable with older logfantilog AMS-to-0C cormearters.
Additionzlly. calibrafion using OC reference voltages ars
sssantialty as accurats with the LTC1966 as those using
AL reference woltzges. Odder loglantilog RMS-to-DC
corvertars required nonlinear input stages (rectifiars)
whaosa linearity would typically rendar DC basad calibrz-
tion urworkzhle.

The following are four suggested calibration methads.
Implementations of the suggested adustments are de-
pendent an the systemn design, but in mary cases, gain
and output offset can be corrected in the digital domain,
and will include the effect of all gains and offsets from tha
LTC1 866 putput through the ADC. Input offsst valtage, on
the ather hand, will have to ba corrected wath djustmant
to the actual anzlog input to the LTC1 BGE.

The methods balow assums the unaltered linearnty of the
LTC1866, ia. without the monotonicity fix of Figura 21.
If this iz presant, the Vipps shift it introduces should ba
taken out bafors wsing either methad for which Vpgs is
not calibrated. Also, the nonlinearity it introduces will
increasa the 20mY reedings discussed below by 0.78%
but increzzs the 200mV readings only T8ppm. Thare
ara & variety of ways to deal with these arors, including
possibly ignoring them, biut the specifics will depend on
gystem reguirsments. Designers are cautioned fo avoid
the tempéztion to digitally take out the hyperbolic transfar
funcSon introducad becausa if the offssts are not exactly
the nominals zssumed, the system will end up right back
where it began with 2 poterial discortinuity with zero
input, eithar from & divids by zero or from a sguara ook
of & nagaiive number in the calculations 1o undo the by-
perchic transfer function. An adapties slgonthm would
miast likehy be necessany to safely t2ks out more than half
of the introduced nonlinearity.

If a 5V refaranca is used in the connaction of Figura 23k,
the Vigs @nd nonlinearity created would be ewven largar,

and will ne doubt be more tempting o correct for. Dasign-
ars are likewise cauBoned against correcting for all of the

nonlineariy.

AC-Dnly. 1 Point

The dominant arror &t full-scale will ba caused by the
gain ermor, and by applying 2 full-scale sine wave input,
this ermor can be measwned and corrected for Unlike oldar
log/amtilog AMS-to-0C convertars, the cormaction should
be made for zero arror 2t full scale fo minimize emars
throughout the dynamic mnge.

The be=tfrequency for the calibration signal is roughly ten
times the —0.1% DC errar freguency. For 1pF —0.1% DG
arror pccurs 8t BHz, so B0Hziz 2 good calibration frequancy,
githugh znywhere from G0Hz to 100Hz showld suffics.

The trade-off here is that on the one hand, the DC errar
ig input frequency depandent, so a calibrafion signal
frequancy high enough to make tha DC arror negligibla
ghould ba used. On the other hand, 2= low a frequency &
can ba used is best to avedd aftenuation of the calibrated
AL =ignal, either from parzzitic RC loading or insufficiant
op amip gain. For instance, with a 1kHz calibration signal,
a8 1MHz op amp will typically cnly have G0dB of open loop
gain, o it could attenusts tha calibration sigred a full 0.1%.

AC-Dnly, 2 Point

Thenaxt mostsignificant ernor for AC-coupled apphications
will ba the effact of output offset voltags, noticashle at the
bottam end of the input zczle. This too can be calibrated
out if fao measurements are mada, ane with a full-scak
gine wave input and a sscond with a sine wave input [of
the zzme frequency) at 10% of full-zczle. The trade-off in
selecting this secondlevel is that itshould be small sncugh
that the gain emaor effect becomes small compared to the
gain arror effect at full-zcale, while on the athar hand,
niot using =0 zmall an input that the nput offz=t waltaga
becomes an issws.
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Tha czbculations of the emmor terms for 2 200mV full-scala
Caca ara;

_ Beading at 200m\ —Raading at 20mV

i 130mV
Dutput Offset -~ eoorg 3t 20mV oy
zain
DC, 2 Point

D'C based calibration is prefarable in many cases bacauss a
D voltags of known, good accuracy is essier bo gensrzia
than such an AC calibration volizge. The only down sida
is that tha LTC1 986 input offset voltage plays a roda. It is
tharefore suggestad that 2 OC based calibration schema
check at least two points: = full-scale. Apphying the —full-
scala input can ba done by physically irearting the waltzga
or by applying the same +iull-sczle input to the opposite
LTC1966 input.

For an otherwize AC-coupled application, only the gain
tesrm may be worth correcting for, but for DC-coupled ap-
plicationz, tha input offset voltage can alzo be caleulatsd
and cormsctad for

Tha czbculations of the emmor terms for 2 200mV full-scala
CAEH Ara:

Reading at 200mV + Reading at - 200mV
i A00mV
Reading a1 - 200mV — Reading at 2D0mV
2=5ain

Gain

Inpat Offsst =

Mote: Caleulation of and corraction for input offzat valtags
are the anly way in which the taa LTE1966 inputs (IN1,
IN2) are distinguizhable from each other Tha calculation
showe zzzumes the standard definition of offsst; that 2
pioitive offeat is the case of a positive woltage arror inside
the denvaca that must be cormecied by applying a like nega-
tive voltage oulside. The offset is referred o whichever
pin is driven positive for the +full-scale reading.

DC, 3 Point

Ore more paint is needesd with a DG calibration schame
to detanming cutput offsat woltage: +10% of full scale.

The calculaBon of the input offset is the samea as for the
2-paint calibration ahowve, whils the gain and output offsst
ars calculatesd for g 200mV full-scals cass as:

Caif - Reading at 200mY — Reading at 20mY

TE0mY

Output Dffsst -

Reading at 200m\V + Reading 2t — 200mV — 400mV + Gain
;
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TROVUELESHDOTING GUIDE 4. Gain is low by 2 few parcant, along with other screwy
results.
Top Ten LTC1966 Application Mistakes — Probably fried to use output in 2 floating, differsntial
1. Circuit won't work—Dead On Arrival-no power drawn, manriar
— Probahly forgat to enabls the LTC1966 by pulling Solution: Tia Pin B to & low impedanca. See Dutput
Fin 8 low. Connections in the Dasign Cookbock.
Solution: Tia Pin 8 fo Pin 1.
GRDNIND N E
2. Circuit won't work, but draws power. Zaro or
vary lite output, single-ended input application.
— Probably didn't connect both input pins. — — A
Solution: Tie bath inputs to something. See Input Vour —j—
Cormectons in the Design Cookboak. — E’d
CONMETT Ml 5 "
V 5. Dffsats parceived to be out of specification bacause IV
in = OV out

— Theofisetzars notzpecifisd at 0V in. Mo RME-1o0-0C
converter works well at 0 dus to 2 divids-ty-2am0
calculation.

Solution: Measure VipsVons by extrapolating
readings > £5mWipe.

3. Gorewy results, particularly with respact to Bnearity . . S .
; g 1 - . 6. Linearity percaived toba outof s pecification particulary
high crest factars; diffienentizl i applicztion. : ) .
ar high cra re e input application  input sigrals.

— Probably AC- l=d bath input pins.

rebably AC-coup MRLE I — This could agzin be due ta using OV in as ans of the
Solution: Make af least ane input DC-coupled. See MBasuremant paints.
Input Connections in the Design Cookbook Solutian: Check Linearity fromSmiVigyys 0 S00mVs,

— Tha input offset voltage can cause small AC

[ COMNELT D INFLT OC CONNNELT D NPT
linaarity ermors 2t low input amplitudss as well. See
Error Analysas section.
V V Perszible Salution: Include a trim for input offsst.
LTCT5EG ;’
45 A
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7. Qutpart ks noisy wath >10kHz inputs. 10. Gain is low by =1% or mare, no athar problems.

— This is @ fundamantal characteristic of this topal- — Prob=hby dus to circuit loading. With 2 DMM or
ogy. The LTC1966 is designed to work wery well 8 10« scope probe, Zjy = 10ML2. The LTC1966
with inputs of 1kHz or less. It works okay as high output i 85ki2, resulfing in —0A5% gain ermor.
as 1MHz, but it is limited by aliased AT npiza. Output impadancs is higher with tha DC accurats
Solution: Bandwidth limit the input or digitally fitter post filter
tha resulting output. Solution: Remova the shunt loading or buffar the

8. Large emors occur &t crest factors approaching, but output.
b than 4. — Loading c=n aso be caused by cheap averaging
— Inzufficiert averaging. capacitors.
Solution: Increass Caye. See Crest Factor and AC & DC Solution: Use 2 high quality metzl film capacitor
Waveforms section for discussion of cutput droop. for Cpye.
9. Screwy resuls, errors = spac limits, typically 1% to 5%.
— High impadanca (33kek) and high accwracy (0.1%) LOADING [FIASS DO GAN

raquire clean boards! Flux residue, finger grima, sic.
all wraak hzwoc at this laval.

Solution: Wash the board.

Hedpful Hint: Sensitivity to lkeakages can be reduced
significantty through the uss of guard tracas.
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SIMPLIFIED SCHEMATIC
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PRCKAGE DESCRIPTION
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LTC 1966
REVISION HISTORY (rewsion nistary begins 2 Rev B)
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T0A Currenl Measaremest
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PART HUMBER OEZCAIPTION COMMEMTE
LT #T7 Wicropower. Single Supply Precision Op Amp Sl ey, B0y Viosawon. 45008 ks
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LT84 1.5pA Mo, Precision Rai-iz-Rall 110 Op Amp A Wi P00 bmaicn
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ITC19E7 Pracimion, Extended Bxndwicth FME o DT Cormverter T0pA kgy. AT AW Comesrsion 1o 4MHr
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