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RESUMEN

El crecimiento acelerado de las ciudades en desarrollo trae consigo el crecimiento
de la poblacion y un aumento en el nivel de estrés en las personas que la habitan
por las condiciones de vida diaria, lo que genera una carga significativa a nivel
mental, estas situaciones traen consigo varias propuestas que buscan mitigar o
reducir la carga psicolégica y una de estas opciones es la inclusién de mascotas en
su ambiente cotidiano, para reducir las condiciones que puedan desencadenar en
enfermedades cotidiana o laborales con el paso del tiempo.

La adopcion de mascotas en nuestro &mbito social y personal ha logrado que las
mascotas tengan una participacion en la sociedad, logrando crear un mercado de
productos y servicios para ellos, dentro de los cuales se destaca la atencion medica
veterinaria que es de vital importancia en la prevencion, identificacion oportuna y
tratamiento de enfermedades.

Como en la medicina tradicional, la utilizacion de instrumentos de medicion y
diagnostico en la medicina veterinaria es importante para obtener informacion que
pueda apoyar al médico tratante en la identificacion de factores que puedan poner
en riesgo las condiciones de salud en los animales, uno de estos instrumentos es el
electrocardioégrafo, el cual otorga una sefial grafica del comportamiento del corazén
y cOmo reacciona a situaciones de estrés externas, afecciones internas o
medicamentos suministrados al paciente..

El electrocardiégrafo es un implemento indispensable dentro de los instrumentos de
diagnéstico que pueda tener una clinica veterinaria, sin embargo, en ocasiones su
alto costo puede limitar su adquisicion o reparacion por los costos de los repuestos
y mano de obra especializada de la marca y en la gran mayoria pueden ser
dispositivos grandes o de dificil movilizacion que limitan el apoyo medico fuera de
las instalaciones médicas.

Por esta razén y buscando complementar el portafolio de servicios ofrecido por la
clinica veterinaria ubicada en las instalaciones de la sede de la calle 170 de la
fundacion universitaria agraria de Colombia UNIAGRARIA se entrega un EKG
portétil desarrollado con los elementos de facil reparacion o remplazo en caso de
dafo.

La universidad con este dispositivo puede brindar primera atenciéon a caninos
medianos y pequefios o a felinos dentro y fuera de las instalaciones con un aporte
inicial de informacion sobre el comportamiento cardiaco del paciente, ademas se
espera que este trabajo pueda inspirar a otros estudiantes a poder complementar la
funcionabilidad de este o poder implementar nuevos sensores como nivel de
oxigeno en sangre entro otros que puedan aportar al desarrollo investigativo de
estos pacientes.



INTRODUCCION

La fundacién universitaria Agraria de Colombia (UNIAGRARIA), orienta sus
diferentes ejes misionales hacia el desarrollo de las regiones colombianas.
Respecto al proceso de ensefianza aprendizaje, la institucién propone a través del
PEI (PROYECTO EDUCATIVO INSTITUCIONAL), (PROYECTO EDUCATIVO
INSTITUCIONAL UNIAGRARIA Documento Aprobado Por El Consejo Superior,
1999) el modelo pedagodgico basado en el aprendizaje constructivista y el
cognitivista. Lo anterior implica que las diferentes estrategias planteadas en los
micros curriculos cuenten con espacios de ensefianza aprendizaje de investigacion
y de extension adecuados para que la comunidad académica pueda relacionarse
con el objeto de estudio a través de las diferentes teorias del aprendizaje.

En el presente trabajo se propone un aporte a la consolidaciéon de espacios
académicos y de investigacion, que permita a la comunidad académica fortalecer
sus ejes misionales desde los diferentes programas académicos fortaleciendo las
herramientas practicas para la adquisicion de experiencias similares al campo
laboral real.

Siguiendo los objetivos propuestos del grupo investigador innovacion verde, que
busca el fortalecimiento intelectual y mejora de tecnologias aplicadas en el sector
agropecuario; se propone el disefio, desarrollo y puesta en marcha de un
electrocardiograma portatil de bajo costo como herramienta de apoyo médico
veterinario para el monitoreo durante la intervencion quirdrgica y como herramienta
para la adquisicion de datos que puedan ser almacenados a una base de datos en
la nube que le permita al médico veterinario o investigador realizar el seguimiento e
identificacion de las posibles causas, secuelas o efectos secundarios que puedan
desencadenar en los caninos el uso de farmacos anestésicos usados
frecuentemente para manejo del dolor durante las intervenciones quirdrgicas
preventivas o de emergencia o posteriormente a las mismas como secuela del
medicamento, este electrocardiégrafo busca con bajos recursos ser una
herramienta valiosa para la investigacion veterinaria.



1. FORMULACION Y PLANTEAMIENTO DEL PROBLEMA

1.1DEFINICION DEL PROBLEMA

En la sociedad actual los animales de compafiia han tomado un rol importante como
participes en la actividad humana, aportando al ser humano apoyo psicologico,
emocional y en casos puntuales terapéuticos como lo puede ser el manejo del estrés
diario (Calvo Soler, 2017), por esto se han tomado un lugar importante en la
cotidianidad logrando establecer un vinculo humano-animal en las personas que
conviven con estos animales en sus hogares, el perro ha sido un animal que desde
que fue domesticado por el ser humano ha hecho parte de las actividades
esenciales de supervivencia como la caza y la proteccion de sus hogares en las
etapas de nuestros antepasados (Atehortua et al., 2007), estrechando desde
entonces este vinculo bidireccional de cuidado vy fidelidad.

En la actualidad los animales como los perros y los gatos son considerados como
otro miembro de la familia, otorgando un trato humanitario que salvaguarda el
bienestar animal el cual es definido de acuerdo a la OIE Organizacién Mundial de
Sanidad Animal, como el estado fisico y mental de un animal con respecto a las
condiciones en que vive y muere (Gonzalez, 2018), este cuidado humanitario crea
un vinculo sentimental bidireccional que le otorga a los animales de compafiia una
priorizacion en la atencion medico veterinaria cuando es requerida y esta atencion
se hace més habitual dentro de los planes de salud de los hogares en que habitan,
teniendo como responsabilidad social de la persona o familia que convive con estos
animales, el velar por el bienestar, salud y tenencia responsable que incluye el
control de la poblacion y como miembros de la familia reciben atencion medico
veterinaria en situaciones como la esterilizacion o en intervenciones mas complejas
por deterioro 0 atencién de urgencia y estas situaciones representan un riesgo a su
salud como al igual que en la atencién del ser humano; durante estas intervenciones
por condiciones del uso de sedacién, en los caninos se han podido evidenciar que
el uso de algunos farmacos anestésicos pueden desencadenar patologias o
complicaciones durante la intervencién que incluso afectan la cotidianidad del
animal y por ende el de su familia afectando la estabilidad emocional y en algunos
casos la estabilidad econémica por los tratamientos a los que pudiese ver sometido
el canino segun su complejidad (Acero Aguilar & Montenegro Martinez, 2019).

Los animales pueden padecer enfermedades tan criticas que pueden llegar a
afectar su integridad fisica o su vida en los peores casos derivadas en algunas
ocasiones por diferentes factores nutricionales, hereditarios o causados por malos
tratos o descuido por parte de sus duefios, incluso causando enfermedades como
el cancer de mama, higado, afectaciones cutaneas u otros Organos vitales,
requiriendo asi cirugias oncoldgicas (Villadangos, 2016).



Aligual que los humanos, los ojos de los animales son muy delicados y en ocasiones
pueden llegar a sufrir de afectaciones como las cataratas, para las cuales, el Unico
remedio es una operacion de la vista, en la cual, el cristalino natural de los ojos es
retirado y reemplazado por un cristal o lente intraocular; este procedimiento es el
mismo que se realiza en los humanos y la Unica opcidn para que el animal pueda
recuperar la vision(Esteve, 2020).

Cuando los animales son cachorros, al igual que los nifios humanos, tienden a ser
muy inquietos debido a la gran cantidad de energia que corre por sus pequefios
cuerpos y su forma de explorar el mundo ademas de la vista es con su boca; por
esta razon hay un gran porcentaje de animales a los cuales, de cachorros, se
requiere realizar cirugias digestivas, ya que estos cachorros en medio del juego de
su infancia, se pueden tragar objetos extrafios, que pueden alojarse en su tracto
digestivo, atorandose y ocasionando graves consecuencias para el animal, desde
la pérdida del apetito, dolores fuertes hasta la laceracion del eséfago o estbmago y
asi poderle hasta causar la muerte y por consiguiente se requiere de una
enterotomia o gastrostomia segun sea la gravedad de la lesion (Laura, 2018).

Otra de las afectaciones mas comunes por las que pueden pasar los perros o los
gatos, es la rotura de un hueso de alguna extremidad, derivada de una caida o por
el encuentro con los vehiculos al ser atropellados o por la caida de grandes alturas;
requiriendo asi cirugias traumatologicas o reparacion del ligamento cruzado de
rodilla en el caso de los perros que acostumbran a correr enérgicamente.
(Wiethuchter, 2014)

Estos golpes ocasionados por caidas o maltrato animal conllevan también a la
generacion de tumores o hernias de disco, hernias inguinales o hernias umbilicales,
las cuales, al igual que en los humanos no son mas que una protuberancia dada por
la salida excesiva del tejido de algun 6rgano y que Unica forma de tratar es mediante
una operacion (Ortocanis, 2018).

Otra de las afectaciones comunes que pueden llevar a los animales a realizarles
una cirugia es la generacién de calculos en la vejiga, los cuales, solo tienen una via
de salida y es por la uretra, en el caso de los machos, este conducto transporta la
orina fuera del cuerpo pero en el pene del perro este canal descansa sobre el hueso
peniano volviendo mas estrecha la uretra en este punto, por tal motivo, cuando se
generan estas piedras y al pasar por este punto, tiende a bloquearse, causandole
mucho dolor al perro e incluso el crecimiento de un tumor en el pene con el tiempo
(Hospital Veterinario Aitana, 2020).

En el caso de las hembras, especialmente en las razas braquicéfalas, las cuales,
se reconocen porque el tamafio de su cabeza en mas grande que el cuerpo en
general, presentan bastantes problemas a la hora del parto y toca realizar una
cesaria para ayudar a la hembra a dar a luz sin sufrimiento (Amengual et al., 2011).



Estos son algunos ejemplos de las posibles causas por las que un perro deba visitar
el quiréfano y cuando estos tratamientos son necesarios, también lo son el uso de
medicamentos analgésicos para el control del dolor. ElI problema de estos
medicamentos es que en algunas ocasiones pueden generar alteraciones en el
pulso del paciente que pueden llegar a complicar su integridad fisica (Garcia, 2003)

Debido a estas evidencias, se requiere monitorear en tiempo real la respuesta
cardiaca del animal durante y después de la intervencién quirdrgica, con el animo
de poder garantizar el bienestar del animal y tomar acciones en el momento
oportuno en que se presente algun inconveniente. De ahi la necesidad del desarrollo
de un electrocardiégrafo portatil, que le permita al cirujano tomar medidas oportunas
en el quirdfano donde se llevan a cabo las practicas veterinarias, y que sea de facil
uso e instalacion en el paciente animal (Universidad C. 2001).

1.2FACTORES RELEVANTES

Las infusiones analgésicas continuas (IACs) se usan cOmo una estrategia para el
control del dolor posquirdrgico en caninos, sin embargo segun el farmaco usado la
electrofisiologia cardiaca puede verse alterada por la presencia de taquiarritmias,
bradiarritmias, complejos ventriculares, fibrilacion o bloqueos atrio ventriculares
(Buritica Gaviria et al., 2017). Cuando un paciente esta bajo los efectos de los
farmacos anestésicos su vida corre peligro y es posible que se presenten
emergencias a pesar de los avances en la monitorizacion de las diversas funciones
organicas.

Las arritmias son una de las complicaciones mas frecuentes de la anestesia hasta
un 70.2% de los pacientes sufren este tipo de patologias entubacion alrededor del
90% (Zaballos Garcia et al., 2005). Diferentes estudios sobre la mortalidad registran
una muerte de cada 870 anestesias, la mayoria de los problemas aparecen por el
uso de dosis elevadas de algunos farmacos. También dentro de las complicaciones
cardiacas se encuentran los episodios de bradicardia severa con una tasa del 1.13%
y bradicardia moderada con 19.07%, la taquicardia moderada se presenta en una
tasa de 69.26%(Redondo et al., 1998).

Para la deteccion o diagnéstico seguro de este tipo de afecciones es el
electrocardiograma (ECG), esta técnica permite conocer el lugar donde se origin6
el estimulo y las vias de conduccion que sigue a traves del musculo, actualmente
no se cuenta con una base de datos que permita o facilite el estudio de los efectos
de la anestesia en la electrofisiologia cardiaco(Vazquez, 1988). Es aqui donde se
encuentra una oportunidad para el desarrollo de un ECG donde se puede formar
una base de datos que facilitara el estudio del comportamiento cardiaco en
situaciones de anestesia.



1.3 RELACION DEL IMPACTO DE INVESTIGACION CON LA
UNIVERSIDAD

El desarrollo de este ECG, se alinea con los pilares investigativos de la Universidad
Agraria de Colombia, enlazando los conocimientos de carreras profesionales con
enfoques diferentes apuntandole al principal pilar universidad; el bienestar de los
seres vivos, el desarrollo del agro con la implementacion de nuevas tecnologias,
permite que la sociedad pueda obtener productos frescos de mejor calidad, los
agricultores sean mas eficientes en sus tiempos de procesos y de esta forma
mejorar la calidad de vida de todas las personas y animales que contribuyen al
desarrollo econdémico del pais.

1.4APREGUNTA

¢, Como por medio del desarrollo de un dispositivo electronico portatil, seria posible
detectar situaciones determinantes durante el evento quirdrgico en que un canino
se encuentre bajo los efectos de la anestesia?

1.5JUSTIFICACION

En la practica veterinaria, es de crucial importancia la monitorizaciéon del
comportamiento cardiaco en los pacientes para poder determinar posibles
irregularidades o alteraciones cardiacas en los momentos preoperatorios, durante
el momento quirdrgico e incluso en el posquirtrgico, por ello el electrocardiograma
es unos de los instrumentos de monitorizacion principales en cualquier clinica o
centro de atencion medico veterinaria donde se realicen intervenciones quirdrgicas
menores, como es el caso del centro universitario de atencion veterinaria de la
Fundacion Universitaria Agraria de Colombia, donde buscamos apoyar el
instrumental de diagndstico y seguimiento del mismo con este Electrocardiograma
portatil,

Este ECG esta disefiado como una herramienta electronica basica, confiable, de
facil manipulacién y transporte para el registro del comportamiento eléctrico del
corazén de los pacientes bajo los efectos de la anestesia o que deban ser
consultados por el médico tratante, con el cual sera posible detectar en ciertos casos
los procesos andmalos en el funcionamiento del corazon; para poder evidenciar si
las alteraciones son por exceso (taquicardia) o por defecto (bradicardia) del ritmo
cardiaco.(Ortiz, 2017), en pacientes caninos de razas media y pequefas que sean
sometidos a evaluacion médica en las instalaciones de la Fundacion Universitaria
Agraria de Colombia.

Precisamente, buscando ampliar las posibilidades de atencién de pacientes del
centro veterinario, se busca un alto nivel de portabilidad y versatilidad del ECG
fabricado, el cual pueda brindar la posibilidad de su utilizacién en diversas zonas
geograficas o extramurales que permitan la posibilidad de detectar a tiempo una



arritmia cardiaca u alguna otra condicion en un paciente incluso fuera de un
ambiente idéneo de quirdfano, sin embargo se considera una herramienta primordial
en la mayoria de intervenciones quirdrgicas de pacientes caninos que sean
sometidos a procesos anestésicos, ya que estas complicaciones son las mas
frecuentes durante el acto anestésico con una incidencia de alrededor del 70% de
los pacientes durante una cirugia. (Ortiz, 2017).

Este monitoreo o seguimiento del comportamiento eléctrico, debera contar con la
instalacion de unos sensores cutaneos a nivel de la region toracica y extremidades
del animal, los cuales, capturan las sefales eléctricas generadas por la actividad
del corazon del paciente, las cuales, son procesadas por el dispositivo electrénico
portatil, el cual, las presenta en una pantalla al profesional médico veterinario con el
animo de realizar la identificacion oportuna y toma de decisiones correspondientes
gue puedan presentarse en el paciente.

Este dispositivo esta orientado a la medicina veterinaria en esta etapa, pero podra
ser pilar en el desarrollo futuro para elementos de medicion portatil en la medicina
en seres humanos, proporcionando como objetivo principal, su bajo costo de
produccion y reparacion, ademas de lograr una gran portabilidad y conectividad con
dispositivos comunes como televisores via conexion HDMI e incluso en ambientes
no hospitalarios.

Durante la realizacion de este proyecto permitié aplicar y perfeccionar los diferentes
conocimientos adquiridos durante el transcurso de la carrera, permitiendo el
mejoramiento y desarrollo de las habilidades requeridas para la aplicacién de la
ingenieria en el ambito profesional.

1.6 OBJETIVOS
1.6.1 Objetivo general

Desarrollar un ECG portétil de bajo costo que permita el analisis del comportamiento
cardiaco en caninos sometidos a anestesia en el centro universitario de atencion
veterinaria de la Fundacion Universitaria Agraria de Colombia.

1.6.2 Objetivos especificos
1.6.2.1 Analisis de requerimientos.

Desarrollar una herramienta electronica para registrar graficamente el
funcionamiento eléctrico del corazon de los pacientes caninos de razas medianas y
pequefias que sean intervenidos en el centro universitario de atencién veterinaria
de La Fundacion Universitaria Agraria de Colombia - Uniagraria; utilizando sensores
e instrumentaciéon de facil adquisicion comercial y bajo costo de reparacién o
recambio.



1.6.2.2 Disefio e Implementacion.

Disefio, programacion y construccion del dispositivo portatil con elementos de facil
adquisicion y bajo costo que permita obtener de manera precisa y con un nivel
confianza alto las sefiales eléctricas del corazon de los pacientes.

1.6.2.3 Evaluacion

Evaluar el funcionamiento del dispositivo desarrollado, realizando multiples
mediciones bajo las mismas condiciones por cada paciente, con el animo de
revisar la capacidad de repetitividad y confianza en la medida, que permita su
utilizacion en clinica.



2. ESTADO DEL ARTE

Para el estado del arte se realiz6 un cuadro comparativo con los documentos mas
relevantes consultados, los cuales segun criterios de relevancia indicados en la
tabla 1, se determina su nivel de relevancia para el proyecto.

Tabla 1 - Matriz de Criticidad Evaluaciéon de Documentos.

Valor de Criticidad
RANGO Estatus Jerarquia

Definicidn
Nivel de criticidad "ALTA", los temas
relacionados aportan informacion importante a
nuestro proyecto y complementan en su
totalidad nuestro proyecto.

Nivel de criticidad "IMPORTANTE", Los temas
del documento aportan informacién importante
en varios temas de nuestro proyecto

Nivel de criticidad "MEDIA", los temas del
Criticidad Media. | documento aportan informacion relevante solo
en algunos temas de nuestro proyecto

Nivel de criticidad "BAJA”, Los temas del
Criticidad Baja. documento aportan un bajo nivel de
informacion relevante para nuestro proyecto
Nivel de criticidad "NULA" Los temas del
Criticidad Nula. documento no se relacionan con nuestro
proyecto

Rojo Criticidad Alta.

Criticidad
Importante.

Amarillo

Tabla 2. - Matriz de documentos analizados y su relevancia.

" NOMBRE INSTITUC
ITEM DOCUMENTO TEMA AUTORES ION ENLACE RELEVANCIA
Explicacion (LjJnlverS|da Media: es un manual de
Elaboracién del | teoria de la . ) .. | operacion de un equipo
. cooperativ | Https://reposit -
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. s ade ory.ucc.edu.c .
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1 felinos, diri )i/do equipo Felipe de 18299/1/2020 explica cor’1 ran ’
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de la clinica afo digital saigko veterinaria | manual_electr paré\metr’os e ’
L 9 y ocardiografia. p .
veterinaria de un solo . interpretacion de los
: ) zootecnia | pdf .
vetermedicas canal ref.: ecg Bucarama resultados obtenidos
101g nga 2020 con este equipo.
Instituto Http:/lwww.ts ) .
- de Importante: explica el
Exposicion : . .|c.uc3m.es/~a L
) investigaci iof andlisis de los
Tratamiento origen - 6nen ntonioftrat_se diferentes métodos y
2 sefales interpretacion y | Pablo ingenieria nal_ecg/docu herramientas utilizados
NN tratamiento de | laguna gen! mentacion_fil .
bioeléctricas = Aragén - en el procesamiento de
las sefales X . es/doctoradoc ~
biomédicas universida arlosiii- las senales_ B
d de charlal pdf electrocardiogréficas
zaragoza P




Tabla2 (Continuacion)

P NOMBRE INSTITUC
ITEM DOCUMENTO TEMA AUTORES ION ENLACE RELEVANCIA
Disefio e
Disefio e implementacion Alta: explica con detalle
implementacién | de un software htto://renositor la teoria de las sefales
de software de |como io 5,[ egu col eléctricas, el principio
analisis para herramienta Universida | 'O-UP-€du. tedrico del
establecer los ara la Juan d dspace/bitstre funcionamiento del
P S Guillermo . . |am/handle/11 . S
3 efectos de la investigacion de tecnologic / p corazon, adquisicion de
telefonia celular | los efectos de Of:ampo ade 059/2103/005 las sefiales, métodos
sobre electromagnetis Lopez Pereira 7565015.pdf?. para el trataltmiento y
. sequence=1&i | 7. .~ .. .
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L . sallowed=y o
electrocardiogra | sefiales las sefales
ficos biomédicas electrocardiogréficas,
cardiacas
Media: describe y
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Andlisis de existentes para la
métodos . . . adquisicion
herramier){tas Adquisicién y Unlvgrslda _http://reposnor pr(;qcesamier):to de las
ara el rocesamiento | Ericka d catolica | io.ucsg.edu.e sefiales
P . proces de c/bitstream/33 e
4 procesamiento | de sefiales Vanessa Santiago | 17/1897/1/t- electrocardiogréficas
de sefiales electrocardiogra | Almeida lino 9 obtenidas en
electrocardiogra | ficas de | ucsg-pos- condiciones
i guayaquil | mtel-15.pdf > .
ficas ambulatorias; evalta
ambulatorias bajo el método
experimental el
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https://reposit
orio.unillanos.
edu.co/bitstre
Disefio e am/handle/00
implementacion 1/1605/dise%
Disefio de un depun Jairo Abdias ¢3%910%20d | Alta: el documento
maédulo de ; - Universida | e%20un%20 | aporta informacion sobre
L dispositivo de Pardo 2 )
adquisicion de S . d de los modulo%20de | la seleccion de filtros alta
otencial adquisicion, Ospina / llanos %20adquisici asa banda para poder
5 | POter procesamiento, | Ricardo o 0<Lacq y pase ' para p
eléctrico e . Villavicenc | on%20de%20 | reducir los ruidos vy filtrar
. andlisis de Andrés . . ! )
cardiaco sefiales Teiedor io potencial%?20 | frecuencias parasitas
ecg de bajo . 4 Colombia | electrico%20c | que interfieran con la
cardiacas para | Restrepo T Ny
costo humanos de ardiaco%20ec | sefial del ecg
baio costo 0%20de%20b
J ajo%20costo.
pdf?sequence
=1&isallowed
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William .
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Libro electrocardiogra | mauricio Cardiologi E(_)ntent/u loa electrocardiografia,
6 electrocardiogra | fiay duque a clinica ds/2015/0p1/Iib diagndsticos, patologias
fia y arritmias enfermedades | Ramirez / Medellin médicas, interpretacion
; ro-ekg-y-
cardiacas Eduardo arritmias- de los resultados de los
medina wu.pdf dispositivos EKG
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Fuente: Autores.
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3. MARCOS
3.1MARCO HISTORICO

La introduccion de la electrocardiografia a la medicina veterinaria data de principios
del siglo. Pero como sucede en el caso de otros tipos de investigacion instrumental
0 especializada, se ha limitado por un gran periodo, a propdsitos de investigacion

La electrocardiografia como herramienta dio inicio en 1901 cuando Willen Einthoven
ided el galvandmetro con el que se pudo registrar y grabar las corrientes eléctricas
generadas por la funcién cardiaca, Al aparato se le denomina electrocardiografo y
al registro de las corrientes cardiacas vs el tiempo se le denomina
electrocardiograma (E.C.G.).(Lama T, 2004)

ECG. PATIEN'I‘S‘1

ONLY

ha |

llustracién 1. Galvanémetro de cuerda (Lama T, 2004)

1842. Carlo Matteucci, conocido fisico italiano que se dedicé al estudio de
fendmenos eléctricos, evidencio por primera vez como la corriente eléctrica del
pulso cardiaco acomparfia cada latido fisico del coraz6n.(D’Andrea, 2015)

1843. Emil Dubois-Reymond, médico y fisiblogo aleman realizando experimentos
con ranas, descubre el potencial de accibn que acompafa contracciones
musculares, confirmando asi el descubrimiento de Matteucci(D’Andrea, 2015)



1856. Rudolph Albert von Kélliker y Heinrich Ludwing Hermann Miuller, Zodlogos,
botanicos, anatomistas, en medio de sus experimentos, lograron registrar por
primera vez un potencial de accién. (D’Andrea, 2015)

1872. Gabriel Lippmann, fisico francés, desarrolla un electrémetro capilar, el cual,
consistia en un tubo fino de vidrio con una columna de mercurio bafiada con acido
sulfarico. EI menisco del mercurio se mueve con las variaciones de los potenciales
eléctricos y este fendmeno es observable por medio del microscopio. (D’Andrea,
2015)

1878. John Burden Sanderson y Frederick Page, fisidlogos britdnicos registran la
corriente eléctrica del corazén con la ayuda de un electrometro capilar e identifican
que tiene dos fases, las cuales, mas adelante serian llamadas QRS y T. (D’Andrea,
2015)

1887. Augustus D. Waller, fisidlogo britanico del St. Mary’s Medical School de
Londres construye la primera maquina de ECG practica con electrodos de
superficie, logrando realizar el primer electrocardiograma humano; registro
realizado a Thomas Goswell, técnico del laboratorio.(D’Andrea, 2015)

1891. William Bayliss y Edward Starling, fisi6logos britanicos del University College
de Londres perfeccionan el electrémetro capilar, conectando los terminales a la
mano derecha y a la piel sobre la zona del latido del apex, evidenciando asi unas
variaciones trifasicas que acompafan al latido del corazén. Dichas deflexiones
fueron llamadas posteriormente como onda P, complejo QRS y onda T. (D’Andrea,
2015)

1895. Einthoven, por medio de la ayuda de un electrémetro improvisado y una
férmula de correccion, logra distinguir cinco deflexiones a las cuales él denomina
con las letras P, Q, R, Sy T.(Ignacio, 2001)

1897. Clement Ader, ingeniero eléctrico francés, registra un sistema de
amplificacion de sefales, llamado galvanémetro de hilo, utilizado en las lineas
telegréficas bajo el mar. (D’Andrea, 2015)

1901. Einthoven, modifica el galvanometro de hilo para utilizarlo en el sistema de
amplificacion de las sefiales eléctricas en su electrocardiograma; el cual, finaliza
pesando 600 Ibs. (Ignacio, 2001)

1902. Einthoven, publica el primer electrocardiograma registrado con un
galvanémetro de cuerda.(lgnacio, 2001)

1905. Einthoven, comienza a transmitir electrocardiogramas desde su laboratorio al
hospital situado a 1.5 km de distancia, via cable telefénico.(Ignacio, 2001)



1906. Einthoven, publica por primera vez un texto con electrocardiogramas
normales vs patologias registradas con su galvanémetro de hilo. (Ignacio, 2001)

1908. Edward Schafer, fisi6logo inglés, es el primer medico en comprar un
galvandémetro de hilo para uso clinico en la universidad de Edimburgo (Escocia).
(D’Andrea, 2015)

1912. Einthoven, escribe a la sociedad de médicos de Chelsea en Londres y
describe un triangulo formado por las derivaciones estandar I, Il y lll; que mas
adelante se conocioé como el triangulo de Einthoven. (Ignacio, 2001)

1924. Willem Einthoven, gana el premio nobel por la invencién del
electrocardiégrafo.(Ignacio, 2001).

1928. Frank Sanborn, por medio de las investigaciones realizas por su compafiia,
la cual, mas tarde seria adquirida por la Hewlewtt-Packard, actualiza el
electrocardiégrafo de mesa en uno portatil con un peso de solo 50 Ibs y una potencia
de bateria autbnoma de 6 voltios. (D’Andrea, 2015)

1938. La sociedad americana de cardiologia y la sociedad cardiologica de Gran
Bretafia definen las posiciones estandar y la colocacion de los sensores sobre el
pecho de las derivaciones precordiales V1 a V6. (Ignacio, 2001)

1942. Emanuel Goldberger, cardiélogo estadounidense aumenta en umbral de las
derivaciones aVR, aVL y aV, las cuales, junto las tres derivaciones de Einthoveny
las seis derivaciones precordiales, completan el electrocardiograma convencional
de doce derivaciones que actualmente utilizamos. (Ignacio, 2001)

3.2MARCO CONCEPTUAL

3.2.1 Electrofisiologia del corazén

El sistema de conduccion del corazon consiste en cinco tejidos especializados (E et
al., 2020):

Nodo Sinusal (Nodo SA): 60-100 Ipm

Nodo auriculoventricular (nodo AV): 45-50 Ipm

Haz de hiz: 40-45 Ipm

Rama izquierda de haz de hiz (RIHH) y rama derecha (RDHH): 40-45 Ipm
Fibras de Purkinje: 35-40 Ipm,

arwNE



Electrocardiograma: El electrocardiograma (ECG) es una herramienta
fundamental para el estudio de la actividad eléctrica del corazon. Esta actividad se
recoge con un electrocardiografo a través de una serie de electrodos situados sobre
la piel de la persona, que captan la proyeccion hacia la superficie del cuerpo de la
despolarizacion y repolarizacion de las distintas zonas del corazén. La configuracion
de dichos electrodos se conoce como derivaciones (en inglés leads). EI ECG se
emplea para medir el ritmo y la regularidad de los latidos, junto con diversos
parametros tales como el tamafio y posicion de las ondas P, relacionadas con la
despolarizacion auricular y del complejo QRS, segmento T y onda T, relacionada
con la despolarizacion y repolarizacion ventricular. (Sataloff et al., n.d.)

Las derivaciones son determinantes en la toma de los ECG y a su vez determinan
la necesidad del hardware a utilizar, actualmente existen tres clasificaciones de
estas asi:

e Derivaciones de extremidades.
e Derivaciones aumentadas de extremidades.
e Derivaciones precordiales.

Las derivaciones de extremidades también llamadas de plano frontal son bipolares,
es decir que contaran con los dos polos + y — dependiendo de su ubicacién en el
paciente, determinan la diferencia de potencial entre los dos puntos y son las
originales de Einthoven en 1901, con las siguientes caracteristicas:

1. Forma un Triangulo equilatero.

2. Sus tres lados (DI, DIl y DII) estan equidistantes del corazon.

3. Sus veértices corresponden a las raices de los miembros: hombro derecho,
hombro izquierdo y pubis.

4. El triangulo representa el plano frontal que pasa por el centro del corazén

5. Todos los vectores que representan la actividad eléctrica cardiaca se sitian en
el centro eléctrico del corazon.

Las derivaciones aumentadas son una variacion de las anteriores, debido a que se
considera el tridngulo de Einthoven, pero principalmente en el térax del paciente y
manteniendo el corazén en el centro del triAngulo mencionado, esta medicidon
identifica cada electrodo como unipolar porque registran las variaciones eléctricas
de potencial en un punto (brazo derecho, brazo o pierna izquierdos).
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llustracion 2 - Esquema de las derivaciones ECG y Triangulo de
Einthoven.(Departamento de Fisiologia, n.d.)
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Las derivaciones precordiales, por su lado también son unipolares, y esta
compuesta por seis electrodos dispuestos en linea horizontal al corazén a través

del torso
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llustracion 3 - Derivaciones precordiales (Jameson et al., 2018)




Componentes principales del ECG:

Q §S

llustracién 4. Onda Tipica electrocardiograma (Bernal, 2008)

» Onda P: Corresponde al primer pico hacia arriba del ECG y representa la
desfibrilacién y contraccién de las auriculas. (Bernal, 2008)

Amplitud

Duracion

llustracién 5. Onda P (Bernal, 2008)



Tabla 5. Parametros Maximos Onda P (Bernal, 2008)

Valores maximos aceptados para la onda P

Duracion Amplitud
Perro 0,04 s 0,4 mV
Gato 0,04 s 0,2 mV

» Segmento PR: Es la parte de la linea base que sigue a la onda P y va hasta el
siguiente pico. Durante este periodo, las auriculas se vacian y se ralentiza la
transmision de corriente eléctrica a través del corazén antes de la contraccion de
los ventriculos.

* Intervalo PR: Es el intervalo comprendido desde el inicio de la onda P hasta el
comienzo del complejo QRS.

* Complejo QRS: Representa la contraccién de los ventriculos. Es una combinacién
de 3 ondas: la denominada onda Q, es negativo y ocurre al final del segmento PR;
el segundo, la onda R, es positiva; y por ultimo la onda S, un pico negativo que
ocurre justo después de la onda R.

R

q s

llustracion 6. Complejo QRS tomado de (Bernal, 2008)

* Segmento ST: Es la parte de la linea isoeléctrica que va desde la onda S hasta la
ondaT.

* Intervalo QT: Es un intervalo medido desde el comienzo de la onda Q hasta el
final de laonda T.



» Onda T: Aparece al final del segmento ST y es, en la mayoria de los casos, una
onda positiva. Representa la repolarizacion de las células de los ventriculos.

Las enfermedades cardiacas en caninos ocurren cuanto el corazén puede no
eyectar suficiente sangre hacia la aorta o arteria pulmonar para mantener la correcta
presion arterial, también pueden ocurrir anomalias en el llenado cardiaco
ocasionando que el corazon falle como bomba. La insuficiencia cardiaca (IC)
derecha es asociada a la congestion en la circulacion sistémica y la congestion en
la circulacion pulmonar se asocia a la insuficiencia cardiaca izquierda, la
insuficiencia bilateral combina las dos insuficiencias anteriores (Ramirez &
Martinez, 2009). Las arritmias cardiacas pueden ocurrir por diferentes razones, los
perros con cardiomiopatia tienen mayor riesgo de muerte subita asociada a
taquiarritmia ventricular.

Taqguicardia Sinusal: El nédulo sinusal genera los impulsos que son mas rapidos
que la frecuencia normal en funcion de la especia, raza y edad. Este tipo de
taquicardia es producida por el tono simpatico aumentado o el bloqueo vagal
inducido por farmacos. Siendo la mas comun en perros y gatos con una frecuencia
cardiaca menor a 300 latidos/minuto, esta puede elevarse en pacientes que ingieren
farmacos o estimulantes (Ramirez & Martinez, 2009)

Taquicardia ventricular: Sucesion de 3 0 mas extrasistoles ventriculares seguidas,
la frecuencia es mayor a 100 latidos/minutos y la supervivencia no supera los 2
meses incluido si se realiza tratamiento (Ramirez & Martinez, 2009).

Anestesia: Los procesos de anestesia se desarrollan con el fin de que exista una
pérdida de la sensacion corporal de dolor del paciente y en casos de sedacion
general implica adicionalmente pérdida de conciencia.

Este tipo de procesos es pertinente en intervenciones quirdrgicas con fines
humanitarios, factores como la raza y el peso son determinantes para el establecer
el farmaco y tipo de dosis a utilizar. Dependiendo el farmaco empleado la respuesta
eléctrica cardiaca puede cambiar, presentando taquicardias o arritmias que pueden
ocasionar la muerte del paciente.(Moncada Nuela, 2020)

De acuerdo con la Sociedad Norteamericana de Anestesia (ASA) por sus siglas en
inglés, se clasifican en cinco categorias los pacientes que seran sometidos a
procesos con anestesia, donde segun los factores propios como la edad y otros
factores como el tiempo quirdrgico, permite establecer una escala para el nivel de
riesgo del paciente.



Tabla 6. Clasificacion ASA Fuente: (TORRES, 2020)

Categorias |Condiciones del paciente Ejemplos
Paciente considerado un animal
ASA | “sano” el cual debera ser sometido | Una esterilizacion
a un determinado procedimiento
Paciente con enfermedad
ASA I sistémica leve que no compromete | Una fractura
su vida
Paciente con enfermedad
sistémica grave que se encuentra Una [eve .
ASA I p ” . deshidratacion /
compensada”, pero que podria .
o o L Anemia
limitar su actividad organica.
Insuficiencia
Paciente con enfermedad cardiaca
ASA IV sistémica grave que compromete |congestiva /
su vida Deshidratacion
severa
Paciente moribundo que no se .
. ) Una torsion
ASAV espera que sobreviva sin una . o
. . volvulo gastrico.
oportuna intervencion
E Emergencia

3.3MARCO TEORICO

3.3.1 Adquisicion de sefiales eléctricas

La adquisicion de datos o sefiales eléctricas consiste en la toma de muestras de
variables del mundo real, el cual, es un sistema analdgico para generar datos que
puedan ser analizados y manipulados por un ordenador u otros sistemas
electronicos que operan digitalmente.

Para este proceso se emplean dispositivos llamados sensores, los cuales,
convierten una propiedad fisica o fendmeno natural en una sefal eléctrica medible,
tal como tension, corriente, el cambio de valores de resistencia o condensador.
(Berasategui Aguirre, Imanol E; Bonino, Celina E.; Gonzalez, 2019)

3.3.2 Acondicionamiento de las sefales eléctricas
En la fase de acondicionamiento de las sefiales eléctricas, se realiza acciones de

amplificacion, filtrado, asilamiento y linealizacion de estas con el animo de obtener
solamente la informacidén que nos interesa trabajar.



3.3.2.1 Amplificacion:

En esta etapa, se utilizan circuitos electronicos cuya funcion es incrementar la
intensidad de corriente, tension o la potencia de la sefial de entrada, obteniendo a
la salida la una sefia aumentada. Para amplificar la potencia es necesario obtener
la energia requerida de una fuente de alimentacion externa.

La relacién entre la entrada y salida del amplificador puede expresarse en funcion
de la frecuencia de la sefial de entrada, lo cual, se denomina, funcion de
transferencia, que indica la ganancia de esta para cada frecuencia.(Sergio Eberlein
Ing Osvaldo Vazquez Profesor Adjunto, n.d.)

[\)rf\lD Aaplificador D| |II | B

llustracion 7. Amplificacién de Sefial

3.3.2.2 Filtrado de sefales eléctricas:

En esta fase, mediante de dispositivos electronicos conocidos como filtros
electronicos, se realiza la depuracion de las sefales eléctricas mediante la
separacion de un grupo de sefales, las cuales, son seleccionadas segun los rangos
de frecuencias con las que se haya configurado el filtro.

Los filtros son sistemas de dos puertos, uno de entrada y otro de salida, que
funcionan continuamente en el dominio de la frecuencia; basando su operacion en
el bloqueo de las sefiales; hablando en el su término espectral, dejando pasar las
sefales cuya frecuencia se encuentra dentro de cierto rango conocido (banda paso)
y rechazando aquellas fuera de este rango (banda rechazo).

Los tipos de filtros configurables son: Filtro pasa bajo, filtro pasa alto, filtro pasa
banda, filtro elimina banda.(Filtro Electronico, n.d.).



3.3.2.3 Aislamiento de seriales eléctricas

El proceso de aislamiento de sefiales eléctricas permite la eliminacién de cualquier
perturbacion que pueda traer la sefial desde el proceso de transmision, o ruido
propio de los sensores y el circuito en general; este proceso se realiza mediante
sistemas electronicos que se basan en la activacion y transmision de datos por
medio del uso de las propiedades de la iluminacion, mas conocidos como opto
acopladores. (Berasategui Aguirre, Imanol E; Bonino, Celina E.; Gonzalez, 2019)

3.3.2.4 Linealizacion de sefales eléctricas

Las sefiales proporcionadas por un sensor no tienen un comportamiento del todo
lineal con respecto a la magnitud fisica medida; para ello y mediante la aplicacién
de aritmética, se procede a realizar la linealizacion de la respuesta de los sensores,
para de esa forma poder identificar el comportamiento de la sefial de salida. (Caldas,
n.d.).

3.3.3 Analisis sefales eléctricas
Las sefales eléctricas son magnitudes fisicas detectables, las cuales, pueden
transmitir mensajes o informacion, tales como: sonido, imagenes, temperatura,

ultrasonido.

Existen dos tipos de sefiales: Analdgicas o digitales.

SENAL ANALOGICA
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llustracion 8. Tipos de Sefales eléctricas (Martinez & Casanas, s. f.)




3.3.3.1 Senfales analogas:

Son sefiales eléctricas generadas por algun tipo de fendmeno electromagnético, la
cual, se representa mediante una funcion matematica continua en la que es variable
su amplitud y periodo que varia de forma continua a lo largo del tiempo.(Melissa
Selik & Melissa Selik, 2006)

3.3.3.2 Senales digitales:
Son sefiales que solo proporcionan dos estados logicos (alto y bajo). Una sefial

digital real, considera que el tiempo de subida inicia desde que el impulso inicial
pasa por el 10% hasta llegar al 90% de la amplitud final del mismo.(HETPRO, 2021).
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llustracion 9. Comportamiento Real De Una Seial Digital (HETPRO, 2021)

3.3.4 Conversion sefales

La conversidn de una sefial analoga a digital se realiza mediante un procedimiento
conocido como modulacion por impulsos codificados (PCM), el cual, se divide en
tres etapas:

1001011

Muestreo Cuantificacion Codilicacion

llustracion 10. Fases Conversion Sefial Analdgica A Digital (BIRT, s. f.)



3.3.4.1 Muestreo

La sefal eléctrica analoga se transforma en una serie de impulsos llamados
muestras; para que durante este proceso no se pierda informacion, la frecuencia de
muestreo debe ser como minimo dos veces la frecuencia maxima de la sefial de
entrada (Teorema de Nyquist).

Muestreo
x‘(o “" -9
1] H 11y
P : ' t 0l 1 234567829 n
Senal analogica T o 8T iia WM teslf
Muestras

(TE: Tiempo entie muestras |

llustracion 11. Muestreo Sefial Analdgica (BIRT, s. f.)

3.3.4.2 Cuantificacion

En esta fase, se le asigna un valor a cada una de las muestras tomadas.
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llustracién 12. Proceso De Cuantificacion De Muestras (BIRT, s. f.)



3.3.4.3 Codificacion

En esta fase, se convierten los valores obtenidos en el proceso de cuantificacion a
codigo binario; el resultado de esta operacién es una serie de “ceros” y “unos”,
también conocidos como “bits”, los cuales, representan las variaciones de la sefial
analdgica original, cuyo namero total dependera de la frecuencia de muestreo y
numero de bits por muestra.(BIRT, n.d.)
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llustracion 13. Proceso De Codificacion (BIRT, s. f.)

3.3.5 Procesamiento digital de sefales eléctricas (dsp):

Este proceso consiste en la manipulacibn matematica de una sefial con el fin de
modificarla 0 mejorarla en algun sentido. Se caracteriza por representar la sefial en
el dominio del tiempo discreto, en el dominio de la frecuencia discreta por medio de
una secuencia de numeros o simbolos.

Se puede procesar una sefal para disminuir el nivel de ruido, mejorar la presencia
de determinados matices, como los graves o0 los agudos en una sefal
acustica.(Romero, 2015)

3.3.5.1 Transformada de Laplace

Es una transformada integral que permite convertir una funcion variable real en t
(normalmente el tiempo) a una funcién de variable compleja s. Es una herramienta
con multiples aplicaciones en el campo de la ingenieria que permite resolver
ecuaciones diferenciales ya que las transforma en ecuaciones algebraicas. (Pefia &
Canovas Pefia, 2008)



La transformada de Laplace de una funcion f(t), definida para todos los nimeros
reales t 2 0, es la funcion f(s) definida por:

F(s) = fm e f(t) dt

0
Ecuacion 1. Transformada de Laplace (Pefia & Canovas Pefia, 2008)

3.3.5.2 Transformada de Fourier
Es una transformada matematica empleada para transformar sefiales en el dominio
del tiempo (o0 en el espacio) al dominio de la frecuencia; esta transformada tiene la
cualidad de ser reversible, siendo capaz de cambiar entre un dominio y el otro.
La transformada de Fourier se puede definir basicamente como el espectro de
frecuencias de una funcién; a nivel de ejemplo préactico, es la descomposicion en
distintas frecuencias que recibe un oido humano (que es lo que finalmente se
escucha) al momento de recibir una onda auditiva o sonora. (Andrés et al., 2015)

Se define la transformada de Fourier de f como la funcion:

1O [ fa) e o

Ecuacion 2. Transformada de Fourier (Pefia & Canovas Pefia, 2008)

3.4MARCO LEGAL

Tabla 7. Leyes Aplicables Al Proyecto (Elaboracién Propia)

DECRETO/LEY/

RESOLUCION DESCRIPCION

Por la cual se dictan normas para el ejercicio de las
Ley 73 de 1985 profesiones de medicina veterinaria, medicina veterinaria y
zootecnia y zootecnia




Tabla 6 (Continuacion)

DECRETO/LEY/
RESOLUCION

DESCRIPCION

Ley 30 de 1986

Establece los medicamentos de control oficial en Colombia
otorgado por el fondo nacional de estupefacientes del
ministerio de salud.

e Butorfanol tartrado
Cloprostenol sodica
D-cloprostenol
Dinoprost trometamina
Ketamina clorhidrato
Oxitocina

Fenobarbital sédico
Hidromorfona clorhidrato
Meperidina clorhidrato
Morfina clorhidrato
Primidona

Decreto 1122 de 1988

Por la cual se reglamenta la ley 073 de 1985, sobre el
ejercicio de las profesiones de medicina veterinaria y
zootecnia.

Ley 84 de 1989

Por la cual se adopta el Estatuto Nacional de Proteccién de
los Animales. Reglamenta la promocién, prevencion y
proteccién en el marco de la salud de los animales, directa
o indirectamente creadas por el hombre.

Ley 232 de 1995

La matricula mercantil que rige la practica veterinaria como
actividad comercial

Ley 576 del 2000

Por la cual se expide el codigo de ética para el ejercicio
profesional de la medicina veterinaria y zootecnia.

Resolucion 1478 de
2006 y Resolucién 1479
de 2006

En cuanto a los medicamentos de control oficial deben estar
almacenados en un lugar donde Unicamente los médicos
veterinarios tengan acceso, adicionalmente se debe
informar periédicamente sobre la dispensacién y uso de
estos medicamentos.

Decreto 351 de 2014

Donde se debe contar con una empresa que recolecta todos
los residuos, estas entidades estan obligadas a recoger
animales que tengan un peso




3.5MARCO GEOGRAFICO

El presente proyecto investigativo se desarrolla en las instalaciones de la Fundacion
Universitaria Agraria de Colombia — UNIAGRARIA en su sede principal en la ciudad
de Bogota DC ubicada en la Calle 170 # 54 a — 10, con coordenadas geogréficas
4°45"13"N 74°03'12"0, colinda por el sur con la calle 170 sentido oriente occidente,
por el norte con la calle 173 del barrio villa del prado, por el oriente colinda con los
campos de la universidad ECCI y al occidente con el barrio Villa del prado en Bogota
DC.

Ademas de su sede principal cuenta con sedes en Facatativa en la Carrera 2 # 4 —
21 y una sede en el municipio de Tenjo, Cundinamarca que funciona como centro
de investigacion y desarrollo tecnoldgico.

3 'Uniagraria
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llustracion 14. Mapa Ubicacién Geografica Fundacion Universitaria Agraria de
Colombia (Maps, 2021)



4. METODOLOGIA

4.1 ENFOQUE DE LA INVESTIGACION

El presente estudio tendra un enfoque cuantitativo, ya que se realizaran mediciones
constantes de las variables cardiacas de los pacientes a los que se les realicen
intervenciones quirdrgicas en el centro veterinario de la Fundacion Universitaria
Agraria de Colombia — UNIAGRARIA que sean sometidos a procesos de
esterilizacion en pacientes caninos de contextura mediana y pequefia con una
muestra estadistica media de 10 — 12 pruebas. (Hernandez Sampieri et al., 2010)

4.2 TIPO DE INVESTIGACION
Este proyecto de investigacion es de tipo experimental, ya que se tomaran los datos

de forma controlada y aleatoria para visualizar el comportamiento cardiaco de los
pacientes sedados en el centro universitario de atencion veterinario — Uniagraria.

4.3DIAGRAMA DE FLUJO

~
eDesarrollo de Software que permita ajustar las sefiales electricas del corazon, las cuales
seran adquiridas por la instrumentacion de bajo costo.

eDisefio electrico, electronico y mecanico que permita encapsular los elementos de
instrumentacion y control para su facil manipulacion medica.
J

eEtapa de pruebas en centro veterinario de la Fundacion Universitaria Agraria de

Colombia - UNIAGRARIA, que permita realizar el ajuste y estandarizacion de la lectura y
software de visualizacion y adquisicion de datos.

J
eEvaluacion, consolidacion y presentacion de resultados obtenidos en etapa anterior
con el fin de realizar el analisis medico correspondiente por la facultad de Medicina
Veterinaria de la Fundacion Universitaria Agraria de Colombia - UNIAGRARIA. )

<<€



43.1 Fasel

Realizar una investigacion exhaustiva de informacién relevante que permita el
estudio del conocimiento acumulado en los diferentes temas que abarca el proyecto,
con el animo de poder definir el alcance, identificacion de las restricciones,
establecer las variables a del sistema, seleccionar del hardware requerido.

4.3.2 Fase 2

Disefio circuito electrénico y mecanico primario para realizar la conexién y
encapsulamiento de los elementos de instrumentacion.

Disefio y programacion del software a utilizar y realizar la adquisicion inicial de las
variables.

Disefio de la cubierta protectora para la portabilidad y seguridad del dispositivo
E.C.G.

Fabricacion de la cubierta y ensamble de las tarjetas electronicas del dispositivo.

Realizacion pruebas de portabilidad del dispositivo ensamblado.

4.3.3 Fase 3

Realizacion de pruebas en el centro universitario de atencién veterinaria —
Uniagraria, para poder ajustar y estandarizar los dispositivos de adquisicién de
datos, calibracion del software y visualizacion de las sefiales directamente con
pacientes en tratamiento.

434 Fase4

Evaluacion, consolidacion, analisis de los resultados en conjunto con el equipo de
la facultad de medicina veterinaria de la Fundacion Universitaria Agraria de
Colombia.



5. ANALISIS DE REQUERIMIENTOS.

5.1 TARJETA DE DESARROLLO.

De acuerdo con las opciones disponibles en el mercado local, se determinaron los
criterios mas relevantes donde se ha elaborado la tabla 8, pardmetros de valor, Para
el controlador del sistema se seleccion6 una Raspberry por las prestaciones
electronicas avanzadas que ofrece este micrordenador, ya que comparandolo con
los microcontroladores comerciales como los son las diferentes gamas de Arduino,
es mucho méas avanzado, permitiendo desarrollar aplicaciones méas robustas; al
realizar la comparacion prestaciones vs precio, es la opcidn mas econdémica y con
mejor desempefio para la aplicacion, ya que permite la conexion de dispositivos
periféricos tales como mouse y teclado.

Tabla 8 — Comparativa dispositivos controladores

Interfaz Costo
Tarjeta De De De |Memoria PUertos |, bl l\wiFiEthernet| RAM |Alimentacion|  Precio
Desarrollo |Programaf, . ._| FLASH | De E/S
2 Licencia
ciéon
. IDE 8
Arduino UNO . Free 32 kb 20 . X 2kb |5a12VvDC |USD 30
Arduino bits
Arduino Mega |PE  |Free  |256kb |54 8 x |8kb [sal2vDC |USD 25
Arduino bits
Tarjeta IDE
ESP23S Arduino Free 4 Mb 24 X 400 kb (5 VDC UsD 12
. USB / bateria
Tessel JavaScript 16 X X 32 Mb 5 VDC UsD 35
USD 5 + USD
PICAXE + Picaxe 1296 15 Shield +
Shield Base Editor Free 16 x| X X bytes 92a12VvDC USD 9 Fuente
=USD 29
Segun
Raspberry Phyton Free tarjeta |40 No | x | x X 1Gb |5VDC USD 60
SD
segun segun la
version Serie/ configuracion,
de Paralelo el modelo
' Windows o Serial minimo|19 VDC en  |mas basico
PC Windows , No X X g . .
entre segun la 4 Gb |promedio sin tarjetas de
$100.000 tarjeta adquisicion es
y adquirida de USD 160
$400.000 en promedio




llustracion 15 - Raspberry Pi 3 Modelo B — Fuente (Raspberry pi Foundation, n.d.)

5.2PANTALLA

Manteniendo nuestro objetivo principal de la portabilidad y ademéas considerando
gue la visualizacion de la grafica EKG debe ser confortable al médico o especialista
que utiliza el instrumento, se ha optado por una pantalla LCD capacitiva de 7
pulgadas, la cual, permitira ademas el acceso a las funciones de control del
dispositivo de forma tactil.



llustracion 16 - Pantalla Touch Screen de 7 pulgadas (Vistronica, n.d.)

5.3SENSOR FRECUENCIA CARDIACA

=«

Para el sensor de pulso cardiaco se validaron varias opciones que se encuentran
disponibles en el mercado, sin embargo, se seleccion6 el médulo monitor de pulso
cardiaco referencia AD8232, ya que es un mddulo o kit para ECG de bajo costo que
permite registrar la actividad eléctrica del corazén de forma simple.

Tabla 8 - Comparativa Sensores de monitoreo frecuencia cardiaca

canales

ITEM SENSOR VOLTAJE | COMUNICACION | ELECTRODOS CANALES VALOR OBSERVACIONES
AD8232 ECG
1 Médulo Monitor 3,3 12C 3 1 80.000
de Pulso Cardiaco
Modulo Sensor
Frecuencia
2 Cardiaca 33-5 12C 1 1 27.000
Max30102 Pulso
Oxigeno
Sensor Pulso
3 Ritmo Cardiaco 5 N/A 1 1 18.410
Arduino
Sensor EKG .
4 Inalambrico PS- 5 Inalambrica 3 1 6'6557'76 Eﬁgg&%ﬁ:&mﬂg
3236 Pasco
PSL-iECG2 .
5 Modulo ECG 2 5 12C 3 2 1.553.47 | Requiere software
8 abierto gratuito




llustracion 17 - Modulo sensor de pulso cardiaco AD8232

Este mddulo fue disefiado para captar, amplificar y filtrar las sefiales biopotenciales
generadas por el latido del corazédn, para poder ser procesadas por el sistema de
control seleccionado anteriormente, se considera una tarjeta de adquisicion basica
al realizar una lectura de tres derivaciones entre electrodos, utilizando el tridngulo
de Einthoven como base de observacion.

5.4CONVERSOR SENAL ANALOGA A DIGITAL (ADC)

Dado que la Raspberry Pl no cuenta con entradas de tipo analégico, fue necesario
la utilizacion de un modulo conversor analogo — digital para poder realizar la lectura
de los datos entregados por el sensor de frecuencia cardiaca anteriormente
mencionado; inicialmente se selecciond el médulo ADC7705, el cual, por su interfaz
de comunicacion tipo SPI, y su bajo costo, era un elemento ideal para la tarea
asignada, sin embargo se tuvieron varios problemas con el sistema de
comunicacién entre el emisor y el receptor que terminaron averiando el médulo, lo
que comprometia la confiabilidad del sistema conversor.

Tabla 9 - Conversores Analogo Digital Utilizados

iTEM SENSOR VOLTAJE BITS INTERFAZ | GANANCIA | VALOR
AD7705 MODULO DE ADQUISICION DE
1 DATOS ADC DE 16 BITS DUAL 33as 16 SPI 1-128 15.000
ADS1115 MODULO CONVERSOR
2 ANALOGICO DIGITAL ADC DE 16 BITS 4 2ab5b 16 12C 8 - 860 37.900
CH




Se realizaron consultas sobre médulos ADC compatibles con el rango de voltaje de
la Raspberry Pl y que ademas cumpliera con el requisito de contar con una
conversion a 16 bits, se escogi6 por su bajo costo, ademas de contar con 4 canales
analogos de entrada y una velocidad de muestreo programable hasta de 860
muestras por segundo que cumple con las consideraciones de la sefial a procesar,
el médulo ADS1115 cuenta con una interfaz de comunicacion 12c, el cual funciono
correctamente en las pruebas y etapas de desarrollo realizadas.

llustracion 18 - Modulo conversor de sefial analogo a digital ADS1115

VDD
ADS1115 Comparator
ADS1114 VoRege
Rttt ' Reference < ALERT/RDY
I ]
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] AIN2 (— H 18500 AT .
1 [ MUX ' 6-Bit AX - e  SCL
: AIN3 (—= . ADC Interface
| ADS1115 H == SDA
: Only :
mmm———— e | ]
: : Oscillator
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GND

llustracion 19 - Diagrama funcional ADS1115 (Texas Intruments, 2009)



5.5PINZA PORTA ELECTRODO

Teniendo en cuenta que el desarrollo esta dirigido a la atencion de caninos
medianos y pequefios en la clinica veterinaria de la Fundacion Universitaria Agraria
de Colombia UNIAGRARIA y ademas en la busqueda de reduccion de costos de
adquisicién, se opta por realizar la impresion 3D en PLA de las pinzas porta
electrodos encargadas de mantener en contacto el electrodo a la piel del animal
durante la toma del EKG.

5.6 MATERIALES PARA LA CONSTRUCCION

Alienados con los objetivos especificos del proyecto, se realizd la comparacion de
los diferentes tipos de materiales en las que se podria fabricar la estructura del
dispositivo utilizando la tecnologia de impresion 3D; teniendo en cuenta que la
carcasa no va a soportar ningan tipo de tensiones o0 extensiones en su
funcionamiento normal, se evidencio que el material idéneo es el PLA, ya que
cuenta con las caracteristicas mecanicas requeridas para el disefio, como lo son:

e Alta resistencia a la traccion y muy alta resistencia a la flexion, lo que
proporciona un grado alto de proteccion para los elementos electronicos
contenidos en su interior.

e Es un material de origen vegetal y al ser biodegradable, vamos a asegurar que
al final del ciclo de vida del proyecto, no se va a contaminar el medio ambiente.

e Gracias a su densidad de 1.24 gramos / cm3, hace que las piezas sean ligeras
pero resistentes.

e Cuenta con una facilidad de impresibn muy alta, lo que permite obtener
acabados finos y no emite ningun tipo de olor o generacion de gases nocivos
durante el proceso de extrusion de este.

e Es uno de los materiales de impresion 3D mas econdémicos del mercado y de
facil adquisicion.

[}

Tabla 10 - Estudio de materiales elaboracién de carcaza. Fuente propia

ITEM MATERIAL PRECIO PROPIEDADES APLICACIONES
1 Aluminio Baja densidad, resistencia Prototipos
9.641.961 traccion, resistencia extremadamente
corrosion aligerados,
2 Madera Material delicado, flexible, Prototipos Estéticos
71.400 aspecto, tacto y aroma
natural
3 ABS (acrilonitrilo Tenaz y duradero, Prototipos Funcionales
Butadieno estireno) 80.000 resistente impactos
4 PLA (acido Facil imprimir, redigo, Prototipos Estéticos
polifacético) 70.000 fuerte, biodegradable.




PETG (tereftalato de Impresién baja Prototipos
polietileno glicol 70.000 temperatura, alta Impermeables,
izado) transparencia componentes fijacién
TPU (poliuretano Flexible y estirable, Prototipos Flexibles
termoplastico) 52.000 resistente impactos
PVA (alcoholo Material soporte soluble Material para soportes
polivinilico) 1.039.200 en agua
HIPS (poliestireno de Material soporte soluble Material para soportes
alto impacto) 101.900 en limoneno guimico
Compuestos (fibra Rigidos, fuertes, Prototipos funcionales,
carbono, kevlar, fibora | 378.029 extremadamente guias, fijaciones,
de vidrio) resistentes herramientas

6. DISENO E IMPLEMENTACION
6.1 DISENO ELECTRONICO
Para la realizacion del proyecto se tuvo en cuenta el siguiente diagrama de bloques,
para las etapas de adquisicion de datos, procesamiento y visualizacién de la sefial.

llustracion 20. Diagrama Funcional por Bloques elaboracion propia.

Conversor ADC
ADS1115

Sensor EKG
AD8232

Electrodos >

Raspberry / Pantalla
Pl \ LCD 7’

\ 4

6.1.1 Electrodos

Teniendo en cuenta que el EKG sera utilizado en caninos medianos y pequefios
atendidos en la clinica veterinaria de UNIAGRARIA, se han disefiado pinzas que
alojan los electrodos superficiales, los cuales se encargaran de captar los impulsos
eléctricos del corazdn del animal y llevarlos al siguiente modulo, de acuerdo con las
condiciones restrictivas de salud publica por la pandemia por SARS-Cov 2, no se
pudieron llevar a cabo las tomas de EKG en la clinica veterinaria, con lo que se ha
realizado la prueba en humanos utilizando los electrodos superficiales adhesivos
convencionales, los cuales evidencian un rapido deterioro en las condiciones de
transmision y adhesion a la piel del voluntario con el paso de las tomas, con lo que



se ha tenido que utilizar mezcla de agua y sal para mejorar la conductividad de los
mismos al EKG.

6.1.2 Sensor EKG AD8232

Este sensor es el encargado de realizar la amplificacién de la sefial de EKG captada
por los electrodos en el voluntario, el encapsulado utilizado fue el de la empresa
Sparkfun el cual cuenta con una placa acondicionada para trabajar con voltajes
entre 2.0v y 3.5v compatibles con los voltajes de la Raspberry PI, cuenta ademas
con un consumo de 170pA y una relacién de rechazo comun de 80dB, cuenta
ademas con un amplificador operacional integrado que otorga una ganancia de 100,
lo cual amplifica la sefal considerablemente, para la atenuacion del ruido cuenta
con un filtro pasa baja. Este encapsulado esta disefiado ademas de la toma del EKG
para ser utilizado en pulsémetros de fitness y actividad, monitores de salud remotos
y adquisicidn de sefiales biopotenciales segun el fabricante.

6.1.3 Modulo ADC ADS1115

Este modulo conversor cuenta con un rango de voltaje de funcionamiento de 2v a
5.5v, un consumo de 150 PA, y cuenta con una tasa de muestreo programable de
hasta 860 muestras por segundo, las cuales han sido de gran ayuda para poder
contar con una frecuencia de muestreo de 550Hz, a 16 bits lo cual garantiza una
alta precision en la entrega de los datos via protocolo i2c a la Raspberry para su
procesamiento ademas de una ganancia programable por cddigo si fuera necesario.

6.1.4 Raspberry pi

Esta robusta tarjeta de desarrollo tuvo que ser configurada via software para la
habilitacion del protocolo de comunicacion 12c con la tasa por defecto de 100Khz de
velocidad, esto con el fin de poder recibir los datos digitales del ADC anterior para
su procesamiento, con el cédigo desarrollado en lenguaje Python se ha logrado
obtener muestras con una frecuencia de 550 Hz en promedio.

6.1.5 GUI

La interfaz interaccion con el usuario ha sido desarrollada con el médulo PyQt5, de
forma intuitiva y sencilla presentada en una pantalla tactii LCD de 7 pulgadas
conectada via HDMI y micro USB con la Raspberry.

6.1.6 Disefio PCB

Para la etapa de disefio se han considerados las dimensiones de los implementos
seleccionados con la consideracion de mantener el tamafio final del dispositivo lo
mas reducido posible para mantener la portabilidad como factor predominante,
inicialmente consideramos dos factores dominantes, el tamafo de la pantalla LCD



de 7 pulgadas y los conectores de esta con la Raspberry, para el montaje de los
encapsulados del ADC y sensor EKG se ha disefiado la PCB en Proteus, donde se
dispondran estos elementos para la conexiéon con la Raspberry y fuente de
alimentacion.

........OD.OO0.000000‘
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llustracién 21 - Disefio PCB en Proteus Elaboracién Propia

6.2 DISENO MECANICO

De acuerdo con las consideraciones de tamafio y disposicion de los elementos de
hardware, se procedi6 a realizar en Solid Works el disefio de la carcasa en donde
se dispondran los elementos para darle una proteccibn al desgaste por
manipulacion, a la abrasiéon del ambiente y condiciones naturales y ademas de
controlar el posible dafio por corrientes estaticas generadas por los usuarios que
pueda dafar algun componente electrénico, ademas de incluir un componente



estético agradable a la vista del usuario, ademas se incluye el logo y nombre de la
Fundacion Universitaria Agraria de Colombia — UNIAGRARIA.

llustracién 22 - Vista Isométrica EKG Portable — SolidWorks® fuente propia

llustracién 23 - Vista Posterior EKG Portable — SolidWorks® fuente propia



llustracion 24 - Vista Frontal EKG Portable — SolidWorks® fuente propia

llustracion 25 - Vista Tapa Frontal EKG Portable — SolidWorks® fuente propia



llustracion 26 - Vista Tapa interior, Alojamiento pantalla y tarjetas electronicas
EKG Portable — SolidWorks® fuente propia

llustracion 27 - Vista Tapa Posterior EKG Portable — SolidWorks® fuente propia



llustracion 28 - Vista Soporte EKG Portable — SolidWorks® fuente propia

llustracion 29 — Vista pinzas porta electrodos EKG Portable - SolidWorks® fuente
propia



Con el fin de determinar su capacidad y resistencia a las diferentes fuerzas
mecénicas a que hubiera lugar durante su movilizacibn y manipulacion,
considerando que el dispositivo esta disefiado para ser portable, se realizaron
simulaciones de esfuerzos en SolidWorks® de las piezas que componen el
dispositivo.
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llustracion 29 - Simulacién esfuerzos bajo compresion tapa frontal EKG Portable —
SolidWorks® fuente propia
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llustracion 30 - Simulacion desplazamientos bajo compresion tapa frontal EKG
Portable — SolidWorks® fuente propia
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llustracion 31 - Simulacion esfuerzos bajo compresién frontal tapa frontal EKG
Portable — SolidWorks® fuente propia
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llustracion 32 — Simulacion esfuerzos bajo compresion superior tapa posterior
EKG Portable — SolidWorks® fuente propia.



llustracion 33 - Simulacion esfuerzos bajo compresion posterior tapa posterior
EKG Portable — SolidWorks® fuente propia
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llustracion 34 - Simulacién esfuerzos bajo compresion posterior alojamiento
pantalla EKG Portable — SolidWorks® fuente propia.
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llustracion 355 - Simulacién esfuerzos bajo compresién pinza porta electrodo EKG
Portable — SolidWorks® fuente propia.

Se realizaron diferentes simulaciones de analisis estatico de cargas a las diferentes
piezas que componen la carcasa principal, en donde se evidencio que el material



PLA resiste una carga de 1 kg/m2 sin sufrir dafios estructurales que comprometan
la seguridad de los componentes internos del EKG.

Al realizar las simulaciones de diferentes tipos de situaciones que podrian llegar a
ocurrir en la vida real, colocando cargas por los diferentes planos de la caja,
esfuerzos rotacionales y vectoriales, se evidencia que el disefio en conjunto con el
material, responden mecanicamente de forma satisfactoria, ya que en ninguno de
los casos expuestos se evidencio dafio critico que pueda llegar a ocasionar la averia
de los componentes internos, garantizando su proteccion mecanicamente hablando.

6.3 PARAMETRIZACION POR SOFTWARE

De acuerdo con la eleccion de la Raspberry PI, el lenguaje de programacion
utilizado es Python, software libre, con el que se ha utilizado las bibliotecas publicas
para la configuracién del ADC 1115 con las cuales se pudo configurar la frecuencia
de muestreo considerando que la frecuencia minima debe ser de 0.01Hz y maximo
500Hz.

El médulo ADC ADS1115 es parametrizable en seis niveles de ganancia, segun
informacion del fabricante, lo que posibilita establecer la sensibilidad de la
conversion analoga digital.

De igual manera cuenta con 8 posibilidades en la frecuencia de muestreo 8, 16, 32,
64, 128, 250, 475, 860 muestras por segundo SPS (Samples Per Second)

Tabla 11 - Escala de Ganancias Programables ADS1115.

PGA SETTING FS(V)
2/3 +6.144 v
1 +4.096 v
2 +2.048 v
4 +1.024 v
8 +0.512 v
16 +0.256 v




6.4 INTERFAZ GRAFICA

Para poder contar con una visualizacion de la sefial EKG se ha dispuesto de una
interfaz sencilla, en la primera ventana se solicitan los datos del paciente y un simple
inicio o cancelacién del proceso, para la segunda ventana se muestran botones para
poder pausar la grafica y pensando en un futuro desarrollo una posible exportacién
de los datos a una base de datos o USB.

6.4.1 Primera ventana

6.4.2 segunda ventana




RESULTADOS Y DISCUSION

Es importante mencionar que debido a la dificultad presentada por el SARS COV2
no se pudo desarrollar esta implementacién con pacientes caninos de la clinica
veterinaria de la fundacion universitaria agraria de Colombia — UNIAGRARIA como
estaba previsto inicialmente, las pruebas han sido realizados con personas.

Se realizo la toma de tres electrocardiogramas a 5 voluntarios en reposo y sentados
en diferentes momentos y horas, con duracién de 3 minutos cada uno, donde se
pudo establecer el valor minimos y maximos de cada sefial, pudiendo determinar
que el dispositivo tiene una confiabilidad muy buena ya que, en el error calculado
del promedio de las tres lecturas electrocardiograficas no se supera el 10% en el
peor de los casos de la muestra, esta situacion en particular se pudo identificar que
la organizacion de los cables encima del paciente afecta o multiplica el ruido
eléctrico muscular en la toma del electrocardiograma.

Durante la toma del electrocardiograma es bastante evidente como el movimiento
muscular de una respiracion profunda puede afectar el desempefio del electrodo.

En el caso de la toma del electrocardiograma a la mujer de la muestra, se presento
un inconveniente adicional, ya que la ubicacion de los electrodos tuvo que
modificarse por la morfologia del cuerpo de la mujer, sobre el cual se reubicaron
varias veces los electrodos para eliminar o reducir lo maximo posible el ruido en la
sefal.

En el caso del voluntario 3, también se presenta ruido en la sefial, para esta persona

se tuvo que reubicar varias veces los electrodos en el cuerpo del paciente,
manteniendo siempre el triAngulo de Einthoven.

Tabla 13 12 - resumen de valores muestreados con EKG Portatil.

Voluntario Edad Valores EKG 1 EKG 2 EKG 3
Minimo 10.340,00 10.244,00 10.247,00
Voluntario 1 42 Maximo 23.499,00 23.510,00 23.513,00
Muestras 92.591,00 92.599,00 92.515,00
Minimo 9.123,00 8.124,00 8.894,00
Voluntario 2 45 Maximo 25.729,00 25.747,00 25.721,00
Muestras 78.985,00 77.759,00 84.433,00
Minimo 4.944,00 4.942,00 5.678,00
Voluntario 3 26 Maximo 25.506,00 25.151,00 25.751,00
Muestras 91.427,00 90.917,00 91.731,00




Voluntario Edad Valores EKG 1 EKG 2 EKG 3
Minimo 4.849,00 5.023,00 4.368,00
Voluntario 4 16 Maximo 25.479,00 25.622,00 25.656,00
Muestras 88.692,00 90.333,00 84.906,00
Minimo 5.840,00 5.965,00 5.889,00
Voluntario 5 35 Maximo 22.595,00 23.473,00 22.249,00
Muestras 90.264,00 91.641,00 90.265,00

Segun la informacién recolectada, se realiza la estimacion del error en los valores
recolectados para cada sujeto y teniendo en cuenta los tres electrocardiogramas realizados.

(Valor Medido — Valor Promedio)
Valor Promedio

e = abs

Ecuacioén 3 - Error Calculado

Tabla 13- Calculo del error por muestreo.

Voluntario | Edad | PROMEDIO EKG 1 EKG 2 EKG 3
10.277,00 0,61% 0,32% 0,29%

Voluntario1l| 42 23.507,33 0,04% 0,01% 0,02%
92.568,33 0,02% 0,03% 0,06%

8.713,67 4,70% 6,77% 2,07%

Voluntario 2| 45 25.732,33 0,01% 0,06% 0,04%
80.392,33 1,75% 3,28% 5,03%

5.188,00 4,70% 4,74% 9,44%

Voluntario3| 26 25.469,33 0,14% 1,25% 1,11%
91.358,33 0,08% 0,48% 0,41%

4.746,67 2,16% 5,82% 7,98%

Voluntario4| 16 25.585,67 0,42% 0,14% 0,27%
87.977,00 0,81% 2,68% 3,49%

5.898,00 0,98% 1,14% 0,15%

Voluntario5| 35 22.772,33 0,78% 3,08% 2,30%
90.723,33 0,51% 1,01% 0,51%
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1. llustracion 36 - Grafica de EKG paciente masculino adulto
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llustracion 37 - Grafica EKG paciente femenina adulta.

Con estas representaciones graficas de la sefial adquirida, se puede evidenciar que
el dispositivo construido cumple con las expectativas iniciales ya que se puede
observar claramente el segmento QRST de la sefial EKG sin ruidos y manteniendo
una linea basal estable, ademas se pudo determinar en las tres mediciones que las
graficas se mantienen bajo parametros similares y con valores promedios cercanos,
por lo que se puede determinar un valor confiable de medicién.



6.5REPETITIVIDAD

Tabla 14 Calculo de Repetitividad elaboracion Propia

PROMEDIO CALCULO REPETITIVIDAD
MUESTRAS s
527 4 0,8% ALTA
Voluntario 1 520 4 0,8% ALTA
520 4 0,8% ALTA
526 3 0,5% ALTA
Voluntario 2 520 3 0,5% ALTA
524 3 0,5% ALTA
523 4 0,8% ALTA
Voluntario 3 521 4 0,8% ALTA
529 4 0,8% ALTA
524 22 4,3% BAJA
Voluntario 4 525 22 4,3% BAJA
487 22 4,3% BAJA
Voluntario 5 530 6 1,0% MEDIA
520 6 1,0% MEDIA
523 6 1,0% MEDIA

Analizando los resultados se evidencia que la repetitividad del equipo en general es
alta, ya que el 80% de las lecturas obtenidas con el instrumento, se encuentran por

debajo del margen del 1% del error relativo.

Se evidencio que un solo voluntario presento un error relativo superior al 1%, que
puede ser generado por condiciones de los electrodos por desgaste en la adhesion
a la piel lo que conlleva a una generacion de ruido en el EKG que conlleva a

dispersion en los datos.

En términos generales podemos concluir que el equipo nos da confiabilidad en la

veracidad de los datos.




6.6 PRECISION

Tabla 15 Andlisis de precision del dispositivo elaboracion propia

VOLUNTARIO | MUESTRAS | PROMEDIO | DESVIACION | DESVIACION | peccigion | ExacTiTu
POR SEG
527 522 4,7 2,9 522+2,9 ALTA
Voluntario 1 520 522 2,0 2,9 522+2.9 ALTA
520 522 2,0 29 522+2,9 ALTA
526 523 2,1 2,0 523+2 ALTA
Voluntario 2 520 523 2,7 2,0 523+2 ALTA
524 523 1,3 2,0 523+2 ALTA
523 524 1,0 3,1 524+3,1 ALTA
Voluntario 3 521 524 33 3.1 524+3,1 ALTA
529 524 5,0 31 524+3,1 ALTA
524 512 12,4 16,8 512+16,8 BAJA
Voluntario 4 525 512 12,7 16,8 512+16,8 BAJA
487 512 25,3 16,8 512+16,8 BAJA
530 524 6,1 3,9 524+4,1 MEDIA
Voluntario 5 520 524 43 41 524+4,1 MEDIA
523 524 1,3 4,1 524+4,1 MEDIA

Teniendo en cuenta que la precision es la capacidad que tiene un instrumento de
medir entregar el mismo resultado en la medicion de una variable en ocasiones
diferentes, al revisar los datos obtenidos se evidencia que el dispositivo tiene una

precision alta, ya que entre lecturas no hay variaciones altas entre ellas.

llustracion 38 Comportamiento error relativo EKG
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En cuanto a la exactitud, también se evidencia que el instrumento al presentar
errores relativos tan cercanos al cero se puede calificar como alto, otorgando una
confiabilidad en las lecturas entregadas al usuario.

6.7PROMEDIO ERRORES

Tabla 16 Promedio errores calculados

PROMEDIO | o~ o | PROMEDIODEL | PROMEDIO
VOLUNTARIO | MUESTRAS ERRORES ERROR POR ERROR TOTAL
POR SEG VOLUNTARIO MEDICIONES
527 522
Voluntario 1 520 522 0,8%
520 522
526 523
Voluntario 2 520 523 0,5%
524 523
523 524
Voluntario 3 521 524 0,8% 1,5%
529 524
524 512
Voluntario 4 525 512 4,3%
487 512
530 524
Voluntario 5 520 524 1,0%
523 524

Al revisar el comportamiento de los porcentajes de error entregados por el
dispositivo, se evidencia un desface en el voluntario 4, en el cual, se puede deducir
gue se tratd de un error a la hora de tomar el EKG, ya que es el Unico voluntario con
datos fuera de parametros.

Esto nos ayuda a confirmar que la instalacion incorrecta de los electrodos y una
actividad fisica constante del paciente puede llegar a generar lecturas erréneas o
desfasadas de la realidad.



Tabla 17 Tabla reproducibilidad

PROMEDIO
/;EA;:JDI\?SO LATIDOS/MINUTO | LATIDOS / | REPRODUCIBILIDAD
MINUTO
1,4 84 84 0
1,4 84 84 0
14 84 84 0
1 60 64 4
1,2 72 64 8
1 60 64 4
16 96 100 4
18 108 100 8
16 96 100 4
1 60 68 3
1,2 72 68 4
1,2 72 68 4
1 60 68 -8
1,2 72 68 4
1,2 72 68 4

Como se lo indica la palabra reproducibilidad, es la capacidad que tiene el instrumento de
replicar los valores de las mediciones al ser operado por diferentes personas; este valor se
obtiene al restar la lectura entregada por el instrumento vs el promedio de las lecturas y
como resultado arroja la diferencia en magnitud del valor medido.



7. CONCLUSIONES

La eleccion de la placa de desarrollo Raspberry Pi ha sido una buena eleccion por
su versatilidad en funcionalidades incluidas el WIFI como la conexiobn HDMI,
ademas por contar con sistema operativo como Raspbian basados en Linux, se
encuentran gran cantidad de bibliotecas libres y foros de ayuda que permite sortear
inconvenientes durante la programaciéon y configuracion.

Aunque el moédulo de EKG AD8232 incluye una etapa de filtrado pasa alta, puede
adicionarse una etapa adicional para poder reducir aiin mas el ruido por movimiento
muscular.

De acuerdo con las mediciones realizadas al grupo estudio, se puede determinar
que el dispositivo puede ser utilizado de manera confiable en clinica veterinaria,
siempre que las condiciones sean bastante controladas, ya que la sefal es
susceptible a ruido por movimiento muscular.

Con el fin de cumplir con el objetivo de mantener la portabilidad y bajo costo, el
tamafio y valor comercial de los elementos de hardware tuvo una relevancia
importante, lo que puede generar en algunos casos que el equipo necesite de
ajustes adicionales en toma de electrocardiogramas en situaciones de baja
conduccién eléctrica.



8. RECOMENDACIONES Y OPORTUNIDADES
8.1 RECOMENDACIONES

Al utilizar la interfaz de programacion de la Raspberry Pl, el manejo de identaciones
no esta identificado graficamente, lo que en la etapa de desarrollo ha generado en
el momento de generacion del archivo plano con los datos, una caida en la tasa de
muestreo al ocupar tempo de procesador, logrando maximo una frecuencia de
muestreo de 58 Hz a 60 Hz, lo cual no era viable para cumplir con el teorema de
Nyquist con un minimo requerido de 260Hz.

Durante el proceso de disefio de estructuras que seran fabricadas bajo la tecnologia
de impresion 3D de tipo inyecciébn de material, se recomienda dejar 1 milimetro
adicional en todas las medidas, ya que, en el momento de la impresion, el material
caliente durante su proceso de solidificacion, ocupa mayor espacio, lo que hace que
las medidas tengan un diferencial vs el disefio de 1 milimetro.

Se debe contemplar los diferentes mecanizados que debe tener las piezas, ya que
no se recomienda realizar tratados mecanicos sobre las piezas finales, ya que el
PLA por sus caracteristicas fisicas, es un material duro pero fragil, lo que puede
llevar a dafiar las piezas.

Las piezas impresas en PLA se deben mantener a temperaturas menores a 60 °C,
ya que después de esta temperatura, el material se vuelve endeble.

Es de mencionar que los electrodos utilizados para las pruebas fueron electrodos
superficiales, los cuales tienen un deterioro “rapido” en el gel conductor, el cual
afecta de manera importante la toma de la muestra, se recomienda utilizar
electrodos nuevos para cada toma de electrocardiograma.

8.2 OPORTUNIDADES

Se propone la realizacion de pruebas del dispositivo, con caninos en la clinica
veterinaria de la fundacion universitaria Agraria de Colombia UNIAGRARIA, con el
fin de ajustar la parametrizacion a nivel de software, debido a que los elementos
utilizados son versatiles y adaptables.

Este dispositivo puede ser utilizado como una base en el desarrollo de un EKG o
HOLTER para personas, dentro o fuera de la institucién.

Al contar la Raspberry con modulo WIFI integrado, es una oportunidad poder
desarrollar una conexion a una base de datos en la nube, el cual permita establecer



la consolidacion de los datos recolectados en la clinica veterinaria de la Fundacion
Universitaria Agraria de Colombia — UNIAGRARIA.

El conversor ADC ADS1115 utilizado, cuenta con 3 entradas analdgicas libres, las
cuales pueden ser utilizadas para poder incluir mayor capacidad de sensores como
por ejemplo temperatura, o presion arterial a futuro.

Actualmente este dispositivo se alimenta de la red eléctrica por medio del adaptador
de voltaje de la Raspberry, sin embargo, puede implementarse un sistema de carga
de baterias interno que permita total autonomia, siempre considerando el consumo
del hardware de aproximadamente 870mA maximo.
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ANEXOS

Anexo A EKG Voluntarios
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Anexo C — Datasheets

Modulo EKG AD8232

D ANALOG

DEVICES single-Lead, Heart Rate Monitor Front End

AD8232

FEATURES

Fully integrated single-lead ECG front end

Low supply current: 170 pA (typical)

Common-mode rejection ratio: 80 dB (dc to 60 Hz)
Two or three electrode configurations

High signal gain (G = 100) with dc blocking capabilities
2-pole adjustable high-pass filter

Accepts up to £300 mV of half cell potential

Fast restore feature improves filter settling
Uncommitted op amp

3-pole adjustable low-pass filter with adjustable gain
Leads off detection: ac or dc options

Integrated right leg drive (RLD) amplifier
Single-supply operation: 2.0Vto 3.5V

Integrated reference buffer generates virtual ground
Rail-to-rail output

Internal RFI filter

8 kV HBM ESD rating

Shutdown pin

20-lead 4 mm x 4 mm LFCSP package

APPLICATIONS

Fitness and activity heart rate monitors
Portable ECG

Remote health monitors

Gaming peripherals

Biopotential signal acquisition

GENERAL DESCRIPTION

The ADS232 is an integrated signal conditioning block for ECG
and other biopotential measurement applications. It is designed
to extract, amplify, and filter small biopotential signals in the
presence of noisy conditions, such as those created by motion or
remote clectrode placement. This design allows for an ultralow
power analog-to-digital converter (ADC) or an embedded
microcontroller to acquire the output signal casily.

The AD8232 can implement a two-pole high-pass filter for
diminating motion artifacts and the electrode half-cell potential.
This filter is tightly coupled with the instrumentation architec-
ture of the amplifier 1o allow both large gain and high-pass
filtering in a single stage, thereby saving space and cost.

An uncommitted operational amplifier enables the ADS232 10
create a three-pole low-pass filter to remove additional noise.
The user can select the frequency cutoff of all filters to suit
different types of applications.
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FUNC‘HONAL BLOCK DIAGRAM

To improve common-mode rejection of the line frequencies

in the system and other undesired interferences, the AD8232
includes an amplifier for driven lead applications, such as right
leg drive (RLD).

The AD8232 includes a fast restore function that reduces the
duration of otherwise long settling tails of the high-pass filters.
After an abrupt signal change that rails the amplifier (such asa
leads off condition), the AD8232 automatically adjusts to a
higher filter cutoff. This feature allows the ADS232 to recover
quickly, and therefore, to take valid measurements soon after
connecting the clectrodes to the subject.

The AD8232 is available in a 4 mm x 4 mm, 20-lead LFCSP
package. Performance is specified from 0°C to 70°C and is
operational from ~40°C to +85°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9100, U.S.A.
Tel: 781.329.4700  ©2012-2013 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com
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AD8232

SPECIFICATIONS

Vi=3V, Veer = L5V, Vou = 1.5V, Ta = 25°C, FR=low, SDMN=high. AC/DE = low, unless otherwise noted.

Table 1.
Parameter Symbol | Test Conditions/Comments Min Typ Max Unit
INSTRUMENTATION AMFLIFIER
Common-Mode Rejection Ratio, CMRR Vo =033V i 283, Voer =0V an B d8
Do to @0 Hz
Vo =033 Vi 283 W, Vorr = 203 WV BO d8
Power Supply Rejection Ratio PSRR Wy=20Wio 3.5V 7o 50 o8
Offset Voltage [RTI) Vs
instrumentation Amplifier Inputs 3 a mv
D Blocking Input’ L 50 Y
Average Offset Drift
instrumentation Amplifier Inputs [} T
D Blocking Input’ 0.O% pvinC
Input Blas Current k 50 200 pa
Ta=0°Cio 70°C 1 nd
input Offset Current hos 23 100 P
Ta=0°Cio 70°C 1 nd
input impedance
Differential 1ojj7.5 GO |pF
Commaon Mode 3|jus GO |pF
input Voltage Molse (AT
Spectral Noise Density f=1kHz 100 vy He
Peak-to-Peak Voltage Nolse f=0.1 Hzto 10 Hz F Uy pp
f= 0.5 Hz to 40 Hz 14 Uy pp
input Voltage Range Ta=0"Cto 70°C a2 s v
Do Dafferential iInput Range: Vioer -300 +300 mv
Cutput
Dutput Swing A= 30 kel a1 +Ws— L1 v
Shaort-Clrcwit Current ko 8.3 i,
Gain A 100 Vi
Gain Ermor Voer = Qv o4 W
Vper = —300 mA to +300 myf 1 33 W
Average Gain Drift Ta=0"Cto 70°C F ppmiC
Bandwidth L 2 kHz
AFI Filter Cutoff [Each Input] 1 MHz
DPERATIOMAL AMPLIFIER (A1)
Offset Voltage Vs 1 3 mv
Average TC Ta=0Cio70°C 3 T
Input Blas Current k 100 pa
Ta=0"Clo 70°C 1 nf
input Offset Current hos 100 P
Ta=0°Cio 70°C 1 nd
input Voltage Range a1 +Ws — L1 v
Common-Mode Rejection Ratio CMRR Vo =03Vio 23V 100 da
Power Supply Rejection Ratio PSRR 100 da
Large Signal voltage Gain o 110 da
Dutput Voltage Range A= 30 kel a1 +Ws— L1 v
Shsort-Circwit Cunrent Limit ko 12 A
Gain Bandwidth Product GEP 100 kHz
Slew Rate SR ooz WS
Voltage Nolse Density (AT s f=1kHz oo vy He
Peak-to-Peak Voltage Moise (RTI) Eapep f=0.1 Hzto 10 Hz ] Uy pp
f= 0.5 Hz to 40 Hz B Uy pp
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AD8232

Parameter Symbol | Test Conditions/Comments Min TyYp Max Unit
RIGHT LEG DRIVE AMFLIFIER (A2}
Dutput Swing AL = 30 kel a1 +Ws— L1 v
Shaort-Clrcwit Curreni ko 5] i,
Integrator Input Resistor 120 130 180 ke
Gain Bandwidth Product GOP 100 kHz
REFEREMNCE BUFFER [A3]
Offset Emor Wi Ay > 30 kD 1 m
Input Blas Current E 100 PA
Shsort-Circwit Current Limit ko 12 A
Voltage Range A, = 30 kD al +ify — L7 W
D LEADS OFF COMPARATORS
Thireshaold voltage +W—-03 v
Hysteresls ] mv
Propagation Delay 0.3 3
AC LEADS OFF DETECTOR
Square Wawe Frequency Fac S0 100 173 kHz
Square Wave Amplitude . 200 nA p-p
impedance Threshold Between +IN and —IN 1w mn ]
Detection Delay 110 us
FAST RESTORE CIRCLAT
Switches 51 and 52
On Resistance Row a [} 12 ke
Off Leakage 100 P
Window Comparator
Thireshaold voltage From exher rail 30 mv
Propagation Delay 2 us
Switch Timing Characteristics
Fesdback Recovery Switch On Time tow 11a mis
Filter Recovery Switch On Time tewn 33 mis
Fast Restore Reset et 2 us
LOGIC INTERFALCE
input Characteristics
input voltage (AC/DC and FR)
Low Wi 1.24 W
High L 1.33 W
input Voltage (SDN)
Low Wi 21 W
High Vi o3 v
Dutput Characteristics LoD+ and LOD— terminals
Dutput Voltage
Low Vi 003 W
High ‘Wi 2.93 L
SYSTEM SPECIFICATIONS
Quiescent Supply Current 170 230 WA
a=0"C ko 70°C 210 WA
Shutdown Curment 40 500 n&
Ta=0"Cko 70°C 100 nd
Supply Range 20 cL v
Specified Temperature Range 1] o "C
—40 +83 "C

Dperational Temperature Range

Offset referred to the Input of the Instrumentation ampiifier iInputs. See the Input Aefesred Offsets section for additional information.
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AD8232

ABSOLUTE MAXIMUM RATINGS

Stresses above those listed under Absolute Maximum Ratings

Table 2.

P. : Rating may cause permanent damage to the device. This is a stress

Supply Vo 36V rating only; functional operation of the device at these or any

Ou':put Short-Circuit Current Duration Indefinite other conditions above those indicated in the operational

Maximum Voltage, Any Terminal’ SV +03V section of this specification is not implied. Exposure to absolute

Minimum Voltage, Any Terminal' 03V maximum rating conditions for extended periods may affect

Storage Temperature Range —65"Cto+125°C device reliability.

Operating Temperature Range —40"Cto+85°C ESD CAUTION

Maximum Junction Temperature 140°C £SD (el tic disch N i 4

6.1 Thermal Impedance? 48°CwW Charged devices and circult “bowds can discharge

8.c Thermal Impedance 44°CW ‘ without detection. Akhcugh this product features

ESDRati patented of proprietacry protection circuitry, damage

ng ‘z I\ My ocour on devices subjected 1o high energy ESD

Human Body Model (HBM) 8kv Therefoee, proper ESD precautions should be taken 1o
Charged Device Model (FICDM) 125KV avoid performance degradation or boss of functionality.
Machine Model (MM) 200V

' This leved or the maximum specified supgly voltage, whichever is the lesser,

Inchicates the superior voltage bmit for any terminal. If input voltages beyond
the spectfied or ¥tages are expected, place resistoes in

series with the Inputs to bmit the curent to less than SmA.

+ 6, s specified for a device In free ak on a 4-layer JEDEC board.
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AD8232

PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

thudd

-

NOTES
1. CONNECT THE EXPOSED PAD TO GND ON
LEAVE UNCONNZCTED.

Figure 2. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. | Mnemonic | Description

1 HPDRIVE High-Pass Driver Output. Connect HPDRIVE to the capacitor in the first high-pass filter. The AD8232 drives this pin
to keep HPSENSE at the same level as the reference voltage.

2 +IN Instrumentation Amplifier Positive Input. +IN is typically connected to the left arm (LA) electrode.

3 -IN Instrumentation Amplifier Negative Input. -IN is typically connected to the right arm (RA) electrode.

4 RLDFB Right Leg Drive Feedback Input. RLDFB is the feedback terminal for the right leg drive circuit.

5 RLD Right Leg Drive Output. Connect the driven electrode (typically, right leg) to the RLD pin.

6 W Fast Restore Switch Terminal. Connect this terminal to the output of the second high-pass filter.

7 OPAMP+ Operational Amplifier Noninverting Input.

8 REFOUT Reference Buffer Output. The instrumentation amplifier output is referenced to this potential. Use REFOUT as a
virtual ground for any point in the circuit that needs a signal reference.

9 OPAMP- Operational Ampiifier Inverting Input.

10 out Operational Amplifier Output. The fully conditioned heart rate signal is present at this output. OUT can be
connected to the input of an ADC.

n LOD- Leads Off Comparator Output. In dc leads off detection mode, LOD- is high when the electrode to -IN is
disconnected, and it is low when connected. In ac leads off detection mode, LOD- is always low.

12 LOD+ Leads Off Comparator Output. In dc leads off detection mode, LOD+ is high when the +IN electrode is
disconnected, and it is low when connected. In ac leads off detection mode, LOD+ is high when either the -IN
or +IN electrode is disconnected, and it is low when both electrodes are connected.

13 SON Shutdown Control Input. Drive SON low to enter the low power shutdown mode.

14 AC/DT Leads Off Mode Control Input. Drive the AC/DC pin low for dc leads off mode. Drive the AC/DC pin high for ac leads
off mode.

15 FR Fast Restore Control Input. Drive FR high to enable fast recovery mode; otherwise, drive it low.

16 GND Power Supply Ground.

17 +Vu Power Supply Terminal.

18 REFIN Reference Buffer Input. Use REFIN, a high impedance input terminal, to set the level of the reference buffer.

19 AouT Instrumentation Amplifier Qutput Terminal.

20 HPSENSE | High-Pass Sense Input for Instrumentation Amplifier. Connect HPSENSE to the junction of R and C that sets the
corner frequency of the dc blocking circuit.

EP Exposed Pad. Connect the exposed pad to GND or leave it unconnected.
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AD8232

TYPICAL PERFORMANCE CHARACTERISTICS

Vi=3V, Ve = L3V, Vg = 1.5V, Ty = 25°C, unless otherwise noted.
INSTRUMENTATION AMPLIFIER PERFORMAMNCE CURVES
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OPERATIONAL AMPLIFIER PERFORMANCE CURVES
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RIGHT LEG DRIVE (RLD) AMPLIFIER PERFORMANCE CURVES
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REFERENCE BUFFER PERFORMANCE CURVES
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SYSTEM PERFORMANCE CURVES
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THEORY OF OPERATION

"ALL SWATCHES SHOWN IN DO LEADS-OFF DETECTION POSTION AND FAST AESTOME DISABLED
1 =nerouT

Figure 43. Simplfied Schematic Diagram

ARCHITECTURE OVERVIEW

The AD&232 is an integrated front end for signal conditioning
of cardiac biopotentials for heart rate monitoring. It consists of
a specialized instrumentation amplifier {IA). an operational
amplifier (A1), a right beg drive amplifier (A2). and a midsupply
reference buffer (A3). In addition, the AD&232 inchedes leads
off detection circuitry and an automatic fast restore circuit that
brings back the signal shortly after keads are reconnected.

The AD&232 contains a specialized instrumentation amplifier
that amplifies the ECG signal while rejecting the dectrode half-cell
potential on the same stage. This is possible with an indirect
current feedback architecture, which reduces size and power
compared with traditional implementations
INSTRUMENTATION AMPLIFIER

The instrumentation amplifier is shown in Figure 45 as
comprised by two well-matched transconductance amplifiers
[GM]1 and GM2). the dc blocking amplifier (HPA), and an
integrator formed by C1 and an op amp. The transconductance
amplifier, GM, generates a current that is proportional to the
voltage present at its inputs. When the feedback is satisfied. an
equal voltage appears across the inputs of the transconductance
amplifier. GM2, thereby matching the current generated by
GM 1. The difference generates an error current that is
integrated across Capacitor C1. The resulting voltage appears at
the cutput of the instrumentation amplifier.

The feedback of the amplifier is applied via GM2 through two
separate paths: the two resistors divide the output signal o set
an overall gain of 100, whereas the dec blocking amplifier integrases
amy deviation from the reference level. Consequently. de offsets
as large as £300 mV across the GM1 inputs appear inverted and
with the same magnitude across the inputs of GM2, all without
saturating the signal of interest.

To increase the common-mode voltage range of the instrumen-
tation amplifier, a charge pump boosts the supply voltage for the
two transconductance amplifiers. This further prevents saturation
of the amplifier in the presence of large common-mode signals,
such as line interference. The charge pump runs from an internal
oscillator, the frequency of which is set around 500 kHz.

OPERATIONAL AMPLIFIER

This general-purpose operational amplifier (Al}) s a rail-to-rail
device that can be used for low-pass filtering and to add additional
gain. The following sections provide details and example circuits
that use this amplifier.
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Data Sheet AD8232
RIGHT LEG DRIVE AMPLIFIER the voltage at the output of the instrumentation amplifier is this
The right leg drive (RLD) amplifier i the mode e voltage.
signal that is p at the instr i plifier inputs. The reference voltage level is sct at the REFIN pin. It can be set
When the right leg drive output current is injected into the with a voltage divider or by driving the REFIN pin from some

bject, it ct mode voltage variat thus other point in the circuit (for example, from the ADC reference).

improving the common-mode rejection of the system.

The common-mode signal that is present across the inputs of
the i ion amplifier is derived from the transconduct-
ance amplifier, GML. It is then connected to the inverting input
of A2 through a 150 k) resistor.

An integrator can be built by ing a cap b the
RLD FB and RLD terminals. A good starting point isa | nF
capacitor, which places the crassover frequency at about 1 kHz
(the frequency at which the amplificr has an inverting unity
gain). This configuration results in about 26 dB of loop gain
available at a frequency range from 50 Hz to 60 Hz for
common-mode line rejection. Higher capacitor values reduce
the crossover frequency, thereby reducing the gain that is
available for rejection and, consequently, increasing the line
noise. Lower capacitor values move the crossover frequency to
higher frequencies, allowing increased gain. The tradeoff is that
with higher gain, the system can become unstable and saturate
the output of the right leg amplifier.

Note that when using this amplifier to drive an clectrode, there
should be a resistor in series with the output to limit the current
to be always less than 10uA even in fault conditions. For
example, if the supply used is 3.0V, this resistor should be
greater than 330k0) to account for component and supply
variations.

TLINIT CURRENT TO LESS THAN 10uA.

Figure 40. Typical Configuration of Right-Leg Drive Circult

In two-electrode configurations, RLD can be used to bias the
inputs through 10MQ resistors as described in the Leads Off
Detection section. If left d itis ded to
A2 as a ollower by connecting RLDFB directly to RLD.
REFERENCE BUFFER

The ADS232 operates from a single supply. To simplify the
design of single-supply applications, the AD8232 includes a
reference buffer to create a virtual ground between the supply
voltage and the sy ground. The signals p at the out-
put of the instrumentation amplifier are referenced around this
voltage. For example, if there is zero differential input voltage,

pd

The voltage is available at the REFOUT pin for the filtering
circuits or for an ADC input.

"
ny

n Sy 1
v !
Figure 47. Setting the intemal Reference
To limit the power consumption of the voltage divider, the use
of large resistors is recommended, such as 10 M(). The designer
must keep in mind that high resistor values make it casier for
interfering signals to appear at the input of the reference buffer
To minimize noise pickup, it is recommended to place the resistors
close to each other and as near as possible to the REFIN terminal.
Furthermore, use a capacitor in parallel with the lower resistor
on the divider for additional filtering, as shown in Figure 47.
Keep in mind that a large capacitor results in better noise
filtering but it takes longer to settle the reference after power-up.
The total time it takes the reference to settle within 1% can be
d with the L
RIR2CI
x
RI+R2
Note that disabling the AD8232 with the shutdown terminal
does not discharge this capacitor.
FAST RESTORE CIRCUIT
Because of the low cutoff frequency used in high-pass filters in
ECG applications, signals may require several ds to settle.
This settling time can result in a frustrating delay for the user
after a step response: for example, when the electrodes are first
connected.
This fast restore function is implemented internally, as shown in
Fagure 48. The output of the instr ion amplifier is ¢ -
ted to a window comparator. The window comparator detects a
saturation condition at the output of the instrumentation amplifier
when its voltage approaches 50 mV from either supply rail.

by

t

ETTIE_arFeReNeE: T
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Data Sheet

SATURATION DETECTED
tay

= sy

— \

Figure 49. Timing Déagram for Fast Restore Smitches
{Time Base Not to Scale)

If this saturation condition is present when both input dlectrodes
are attached to the subject, the parator triggers a timing
circuit that automatically closes Switch S1 and Switch S2 (see
Figure 49 for a timing diagram).
These two switches (S and S2) enable two different 10 k(2

istor paths: one b HPSENSE and IAOUT and another
between SW and REFOUT. During the time Switch S1 and
Switch S2 are enabled. these internal resistors appear in parallel
with their carresponding external resistors forming high-pass
fikters. The result is that the equivalent lower resi shifts
the pole to a higher frequency, delivering a quicker settling
time. Note that the fast restore settling time depends on how

quickly the i 1 10 k{2 resistors of the ADB232 can drain the
capacitors in the high-pass circuit. Smaller capacitor values
result in a shorter settling time.

If, by the end of the timing, the saturation condition persists,
the cycle repeats. Otherwise, the ADS232 returns to its normal
operation. If either of the leads off comparator outputs is indi-
cating that an electrode has been disconnected, the timing
circuit is prevented from triggering because it is assumed that
no valid signal is p To disable fast drive the FR
pin low or tie it permanently to GND.

LEADS OFF DETECTION

The ADS232 includes leads off detection. It features ac and dc
detection modes optimized for either two- or three-electrode
configurations, respectively.

DC Leads Off Detection

The dc leads off detection mode is used in three-electrode con-
figurations only. It works by sensing when either mstrumentation
amplifier input voltage is within 0.5 V from the positive rail. In
this case, each input must have a pull-up resistor connected to the
positive supply. During normal operation, the subject’s potential
must be inside the common-mode range of the instrumentation
amplifier, which is only possible if a third electrode is connected
1o the output of the right leg drive amplifier.

|

Figure 50. Circust Configuration for OC Leads OFf Detection

Because in de leads off mode the ADR232 checks cach input
individually, it is possible to indicate which electrode is discon-
nected. The AD8232 indicates which electrode is disconnected by
setting the corresponding LOD- or LOD+ pin high. To use this
mode, connect the AC/DC pin to ground.
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AC Leads Off Detection

The ac leads off detection mode is useful when using two
eectrodes only (it does not require the wse of a driven electrode).
In this case, a conduction path must exist between the two
electrodes, which is usually formed by two resistors, as shown
in Figure 51.

These resistors also provide a path for bias return on each input.
Connect each resistor to REFOUT or RLIY to maintain the inputs
within the commaon-mode range of the instrumentation
amplifier.

[
]
é REFOUT i
'
Figure 51. Ciroult Configuration for AC Leads O Defection

The AD#&232 detects when an electrode is disconnected by
forcing a small 10 kHz current into the fnput terminals. This
current flows through the external resistors from [N+ to IN-
and develops a differential voltage across the inputs, which is
then synchronously detected and compared to an internal
threshold. The recommended value for these external resistors
is 10 M{L Low resistance valwes make the differential drop too
low to be detected and lower the input impedance of the
amplifier. When the electrodes are attached to the subject. the
impedance of this path should be less than 3 ML} to maintain
the drop below the comparator's threshold.

As opposed to the dc leads off detection mode, the ADE231 is
able to determine only that an electrode has bost its connection,
not which one. During such an event. the LOD+ pin goes high.
In this mode, the LOD- pin is not used and remains in a logic
low state. To use the ac leads off mode, tie the ACTC pin to the
positive supply rail.

Mote that while REFOUT is at a constant voltage value, using
the RLI} output as the input bias may be maore effective in
rejecting common-mode interference.

STANDBY OPERATION

The AD&32 includes a shutdown pin (50N) that further
enhances the flexibility and ease of use in portable applications

where power consumption is critical. A logic level signal can be
applied 1o this pin to switch to shutdown mode, even when the
supply is still on.

Drriving the SO pin low places the A[M8232 in shutdown mode
amd draws less than 200 nA of supply current. offering considerable
povwer savings. To enter normal operation, drive SON high; when
et usineg this feature, permanently tie 50N o +¥s

Druring shutdown operation. the ADE232 is not able to maintain
the REFOUT voltage, but it does not drain the REFIM voltage.
thereby maintaining this additional conduction path from the
supply to ground.

‘When emerging from a shutdown condition, the charge stored
in the capacitors on the high-pass filters can saturate the instru-
mentation amplifier and subsequent stages. The use of the fast
restore feature helps reduce the recovery time and. therefore,
minimize on ime in power sensitive applications.

INPUT PROTECTION

All terminals of the ADM232 are protected against ESD. In
addition, the input structure allows for de overload conditions
that are a diode drop above the positive supply and a diode drop
below the negative supply. Voltages beyond a diode drop of the
supplies cause the ESD dindes to conduct and enable current to
flow through the diode. Therefore, use an external resistor in
series with each of the inputs to limit current for voltages beyond
the supplies. In either scenario, the AIB232 safely handles a
continuous 3 mA current at room temperature.

For applications where the A[M232 encounters exireme over-
load voltages. such as in cardiac defibrillators, use external series
resistors and gas discharge tubes (GDT). Meon lamps are com-
maonly used as an inexpensive alternative to GDTs. These devices
can handle the application of large voltages but do not maintain
the voltage below the absolute maximum ratings for the A[E2I32,
A complete solution includes further clamping to either supply
using additional resistors and low leakage diode clamps, such as
BAV 199 or FTH1 100,

As a safety measure, place a resistor between the input pin and
the electrode that is connected to the subject to ensure that the
current flow never exceeds 10 pA. Calculate the value of this
resistor o be equal o the supply voltage across the ADE232
divided by 10 pA.
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RADIO FREQUENCY INTERFERENCE (RFI)

Radio frequency (RF) rectification is often a problem in
applications where there are large RF signals. The problem
appears as a dc offset voltage at the output. The AD8232 has a
15 pF gate capacitance and 10 k(2 resistors at each input. This
forms a low-pass filter on each input that reduces rectification
at high frequency (see Figure 53) without the addition of
external elements.

Figure 52. RFI Filter Without External Capacitors

For increased filtering, additional resistors can be added in

series with each input. They must be placed as close as possible

to the instrumentation amplifier inputs. These can be the same
s used for overload and patient protection.

POWER SUPPLY REGULATION AND BYPASSING

The AD8232 is designed to be powered directly from a single
3 V battery, such as CR2032 type. It can also operate from
rechargeable lithium-ion batteries, but the designer must take
into account that the voltage during a charge cycle may exceed
the absolute maximum ratings of the AD8232. To avoid
damage to the part, use a power switch or a low power, low
dropout regulator, such as ADP150.

In addition, excessive noise on the supply pins can adversely
affect performance. As in all linear circuits, bypass capacitors
must be used to decouple the chip power suppBes. Place a 0.1 pF
capacitor close to the supply pin. A | pF capacitor can be used
farther away from the part. In most cases, the capacitor can be
shared by other integrated circuits. Keep in mind that excessive
decoupling capacitance increases power dissipation during
power cyding.

INPUT REFERRED OFFSETS

B ofits i I archi the instr ion amgplifier
should be used always with the DC blocking amplifier, shown as
HPA in Figure 45.

As described in the Theory of Operation section. the de blocking
amplifier attenuates the input referred offsets present at the
inputs of the instrumentation amplifier. However, this is true
only when the dc blocking amplifier is used as an integrator. In
this configuration. the input offsets from the de blocking
amplifier dominate appear directly at the output of the
instrumentation amplifier.

If the dec blocking amplifier is used as a follower instead of its
intended function as an integrator, the input referred offsets of
the in-amp are amplified by a factor of 100.

LAYOUT RECOMMENDATIONS

It is important to follow good layout practices to optimize
system performance. In low power applications, most resistors
are of a high value to minimize additional supply current. The
challenge of using high value is that high impedance
nodes become even more susceptible to noise pickup and board
parasitics, such as capacitance and surface leakages. Keep all of
the ions b high imped. nodes as short as

ible to avoid introducing additional noise and errors from
corrupting the signal.

To maintain high CMRR over frequency, keep the input traces
symmetrical and length matched. Place safety and input bias
resistors in the same position relative to cach input. In addition.
the use of a ground plane significantly improves the noise
rejection of the system.
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APPLICATIONS INFORMATION
ELIMINATING ELECTRODE OFFSETS

The instrumentation amplifier in the ADE232 is designed to
apply gain and to filter out near dc signals simultancously. This
capability allows it to amplify a small ECG signal by a factor of
100 yet reject electrode offsets as large as 2300 mV.

To achieve offset rejection, connect an RC network between the
output of the instr > plifier, HPSENSE. and
HPDRIVE. as shown in Figure 53,

oy

f e
eLecTRODE a
orraeTs i
|1 = nerour H
Figure 53. Eiminating Electrode Offsets
This RC k forms an integ; that feeds any near dc signals

back into the instrumentation amplifier. thus eliminating the offsets
without saturating any node and maintaining high signal gain.
In addition to blocking offsets present across the inputs of the
instr i plifier, this integrator also works as a high-
pass filter that minimizes the effect of slow moving signals, such

as baseli der. The cutoff fi y of the filter is given by
the equation
100
fsn=322¢

where R is in ohms and C is in farads.

Note that the filter cutoff is 100 times higher than is typically
expected from a single-pole filter. Because of the feedback
architecture of the instrumentation amplifier, the typical filter
cutoff equation is modified by the gain of 100 of the

“© —
‘. Z
H o ' 10 1-:

PREQUENCY (M)

Figure 54, Frequency Response of Single-Pole DC Blocking Circult

Just like with any high-pass filter with low frequency cutoff, any
fast change in dc offset takes a long time to settle. If such change
saturates the mstrumentation amplifier output, the SI switch
briefly enables the 10 ki) resistor path, thus moving the cutoff
frequency to

_100(R+10%)
T 2erC00Y)

For values of R greater than 100 k€, the expression in Equation 1
can be approximated by
(I

fsa = Somc
This higher cutoff reduces the settling time and enables faster
recovery of the ECG signal. For more information, see the Fast
Restore Circuit section.
HIGH-PASS FILTERING
The AD8232 can implement higher order high-pass filters. A
higher filter order yields better artifact rejection but at a cost of
increased signal distortion and more passive components on the
printed circuit board (PCB).
Two-Pole High-Pass Filter
A two-pole architecture can be implemented by adding a simple
ac coupling RC at the output of the instrumentation amplifier,
as shown in Figure 55.

()

TO NEXT
= = ox sTAGE

Figure 55, Schematic for a Two-Pole High-Pass Filter

Note that the right side of C2 connects to the SW terminal. Just
like S1, 52 reduces the recovery time for this ac coupling network
by placing 10 k{2 in parallel with R2. See the Fast Restore
Circuit section for additional details on switch timing and
trigger conditions.

Keep in mind that if this passive network is not buffered, it
exhibits higher output impedance at the input of a subsequent
low-pass filter, such as with Sallen-Key filter topologies. Careful
component sclection can yield good results without a buffer. See
the Low-Pass Filtering and Gain section for additional

i
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Additional High-Pass Filtering Options

In addition to the topologies explained in the previous sections,
an additional pole may be added to the dc blocking circuit for
additional rejection of low frequency signals. This configuration
is shown in Figure 56.

TO NEXT
BTAGE

&

F
! :-‘

¥
A =nerour 1
Figure 38. Schematic for an Alternative Two-Fole High-Pass Fifter

An extra benefit of this circuit topology is that it allows lower
cutoff frequency with lower R and C values and the resistor,
Reona can be used to control the Q of the filter to achieve narrow
band-pass filters (for heart rate detection) or maximum pass-
band fl {for cardi itoring).
With this topology, the filter attenuation reverts to a single pole
roll off at very low frequencies. Because the initial roll off was 40 dB
per decade, this reversion to 20 dB per decade has little impact on
the ability of the filter 1o reject out-of-band low frequency signals.
The designer may choose different values to achieve the desired
filter performance. To simplify the design process, use the following
dations as a starting point for comgp value selects

R1=R2 2 100 k(2
cl=C2
Reosr = 014 x R

The cutoff frequency is located at

f 10
) Z:‘ill crc

The selection of Reowy 1o be 0.14 times the value of the other two
resistars optimizes the filter for a maximally flat pass band. Reduce
its value to increase the Q and, consequently, the peaking of the
fikter. Keep in mind that a very low value of Rooe can result in
an unstable circuit. The selection of values based on these criteria
result in a transfer function similar to the one shown in Figure 58.

Table 4. Comparison of High-Pass Filtering Options

When additional low frequency rejection is desired. a high-order
high-pass filter can be implemented by adding an ac coupling
network at the output of the instrumentation amplifier, as shown in
Fagure 57. The SW inal & d to the ac coupling 4

to obtain the best setthing time response when fast restore engages.

I
g 2% [— pecaoe // oecape [
/]
,/ T :
oo L %) 1 - 1" Iﬂi

Figure 38 Frequency Response of Circuits in Figure 56 ond Figure 57
Careful analysis and adjustment of all of the component values
in practice is recommended to optimize the filter characteristics.
A useful hint is to reduce the value of Roowe to increase the peaking
of the active filter to overcome the additional roll off introduced
by the ac coupling rk. Proper adj can yield the
best pass-band flatness.

The design of the high-pass filter involves tradeoffs between signal
distortion, component count, low frequency rejection, and

P sizes. For ple, a single-pole high-pass filter
results in the least distortion to the signal, but its rejection of
low-frequency artifacts is the lowest Table 4 compares the
rec 4 .lﬁha“‘ P 3

Filter Order  Comp ount  Low Freg & Capacitor Sizes/Values  Sigmal Distortion' tput impedance’
Aguresd |1 2 Good Large Low Low
Figwess | 2 4 Better Large Medium Higher
figuess | 2 5 Better smaller Medium Low
Figues? | 3 7 Best smaller Highest Higher

9

' For equivalent comer i
# e refers to the dive ity of the filter before the low- fifter. Low e Is desirable to allow flexibiity iIn the selection
3@% capabil high-pass pass output impedanc

fiites, as explained in the Low-Pass Fltering and Gain sectton.
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LOW-PASS FILTERING AND GAIN

The AD8232 includes an uncommitted op amp that can be used
for extra gain and filtering. For applications that do not require
a high-order filter, a simple RC low-pass filter should suffice.
and the op amp can buffer or further amplify the signal.

Figure 39. Schematic for a Single-Pole Low-Pass Filter and Additional Gatn
Applications that require a steeper roll off or a sharper cut off, a

Y

Sallen-Key filter topology can be implemented. as shown in
Figure 60.

Figure 60. Schematic for a Two-Pole Low-Pass Filter

The following equations describe the low-pass cut off frequency,
gain, and Q:

Je=112xV(RI C1 R2C2))
Gaint =1+ R3/R4

1!RIICI-R.I-CJ

Q= RTnCa+ R37CT v RI-CNI—Gain]

Note that changing the gain has an effect on Q and vice versa
Common values for Q are 0.5 to avosd peaking or 0.7 for
maximum flatness and sharp cut off. A high value of Q can be
used in narrow-band applications to increase peaking and the
selectivity of the band-pass filter.
A common design procedure isto set Rl =R2=Rand Cl = C2 =
C. which simplifies the expressions for cutoff frequency and Q to
JSe=1(2aRC)

1

3 - Gain
Note that @ can be controlled by setting the gain with R3 and
R4; however, this limits the gain to be less than 3. For gain
values equal to or greater than 3, the circuit becomes unstable.
A simple modification that allows higher gains is to make the
value of C2 at least four times larger than C1.
It is important to note that these design equations only hold

Q=

true in the case that the output imped, of the previous stage
is much lower than the input impedance of the Sallen-Key filter.
This is not the case when using an ac coupling k b

the instrumentation amplifier output and the input of the low-
pass filter without a buffer.

To connect these two filtering stages properly without a buffer,
make the value of R1 at least ten times larger than the resistor of
the ac coupling network (labeled as R2 in Figure 55).

DRIVING ANALOG-TO-DIGITAL CONVERTERS

The ability of AD8232 to drive capacitive loads makes it ideal to
drive an ADC without the need for an additional buffer. However,
depending on the input architecture of the ADC, a simple low-
pass RC k may be required to decouple the i

from the switched-capacitor input typical of modern ADCs.
This RC network also acts as an additional filter that can help
reduce noise and aliasing. Follow the recommended guidelines
from the ADC data sheet for the selection of proper R and C values.

A driven lead (or reference electrode) is often used to minimize
the effects of mode voltages induced by the power line
and other interfering sources. The AI8232 extracts the common-
mode voltage from the instrumentation amplifier inputs and
makes it available through the RLID amplifier to drive an opposing
signal into the patient. This functionality maintains the voltage
between the patient and the ADS232 at a near constant, greatly
improving the common-mode rejection ratio.

As a safety place a resistor b the RLD pin and
the el & d to the subject to ensure that current
flow never exceeds 10 pA. Calculate the value of this resistor to
be equal to the supply voltage across the AD8232 divided by 10 pA.

The AD&232 implements an integrator formed by an internal
150 k{2 resistor and an external capacitor to drive this electrode.
Choice of the integrator capacitor is a tradeoff between line rejec-
tion capability and stability. The capacitor should be small to
maintain as much loop gain as possible, around 50 Hz and 60 Hz,
which are typical line frequencies. For stability, the gain of the
integrator should be less than unity at the frequency of any
other poles in the loop, such as those formed by the patient’s
capacitance and the safety resistors. The suggested application
circuits use a | nF capacitor which results in a loop gain of about
20 at line frequencies, with a fi y of about 1 kHz.
In a two-lead configuration, the RLD amplifier can be used 1o
drive the bias current resistors on the inputs. Although not as
effective as a true driven electrode, this configuration can
provide some mode rejection imp if the
sense electrode impedance is small and well matched.
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APPLICATION CIRCUITS

HEART RATE MEASUREMENT NEXT TO THE HEART
For wearable exercise devices, the AD8231 is typically placed in
a pod near the heart. The two sense electrodes are placed under-
neath the p | ces. no driven o de s used. B

the distance from the heart to the ADB232 is small, the heart
signal is strong and there is less muscle artifact interference.

In this configuration, space is at a premium. By using as few
external components as possible, the circuit in Figure 62 is
optimized for size.
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Figure &2. Orcult for Heart Rate Measurement Next to Heart

A shorter distance from the ADB232 to the heart makes this
application less vulnerable to common-mode interference.
However, since RLD is not used to drive an electrode, it can be
used to improve the common-mode rejection by maintaining
the midscale voltage through the 10 M{) bias resistors.

A single-pole high-pass filter is set at 7 Hz, and there is no low-

pass filter. No gain is used on the output op amp thereby
reducing the number of resistors for a total system gain of 100.
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Figure 63. Frequency Response for HRM Next to Heart Circult

The input terminals in this config use two 180 k)
resistors, to protect the user from fault conditions. Two 10 M
resistors provide input bias. Use higher values for electrodes
with high output impedance, such as cloth electrodes.

The schematic also shows two 10 MA] resistors to set the
midscale reference voltage. If there is already a reference voltage
available, it can be driven into the REFIN input to eliminate
these two 10 MA] resistors.

EXERCISE APPLICATION: HEART RATE MEASURED
AT THE HANDS

In this application, the heart rate signal is measured at the

hands with stainless steel electrodes. The user’s arm and upper
body movement create large motion artifacts and the long lead
length makes the sy prible to ¢

ference. A very narrow band-pass characteristic is required to
separate the heart signal from the interferers.

mode inter-
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Figure 64 Circut for Heart Rote Measurement at Hand's

The circuit in Figure 64 uses a two-pole high-pass filter set at
7 Hz. A two-pole low-pass filter at 24 Hz follows the high-pass
filters to eliminate any other artifacts and line naise.
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Figure &5. Freguency Response for HRM Circuit Taken ot the Hand's

Rev.A | Page 24 of 28



Data Sheet

AD8232

The overall narrow-band nature of this filter combination
distorts the ECG waveform significantly. Therefore, it is only
suitable to determine the heart rate, and not to analyze the ECG
signal characteristics.

The low-pass filter stage also includes a gain of 11, to bring the
total system gain close to 1100 (note that the filter roll off
prevents the maximum gain from reaching this value). Because
the ECG signal is measured at the hands, it is weaker than when
measured closer to the heart.

The RLD circuit drives to the third electrode, which can also be

located at the hands, to cancel ¢ mode interf e
CARDIAC MONITOR CONFIGURATION
This guration is designed for ing the shape of the
ECG waveform. It that the pati ins relatively
still during the and thereft tion artifacts
are bess of an issue.
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Figure 66. Chrcuét for ECG Woveform Monitoring

To obtain an ECG waveform with minimal distortion, the
ADBS232 is configured with a 0.5 Hz two-pole high-pass filter
followed by a two-pole, 40 Hz low-pass filter. A third electrode
is driven for optimum commeon-mode rejection.
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Figure 67. Freg P of Cardioc Circutt

In addition to 40 Hz filtering, the op amp stage is configured for
a gain of 11, resulting in a total system gain of 1100. To
optimize the dynamic range of the system, the gain level is
adjustable, depending on the input signal amplitude (which
may vary with electrode placement) and ADC input range.
PORTABLE CARDIAC MONITOR WITH ELIMINA-
TION OF MOTION ARTIFACTS

The circuit in Figure 68 shows an implementation of a battery-

P d embedded system for itoring heart rate in
applications where the patient engages in moderate activity,
such as with a Holter monitor. The ADB232 uses a three-
electrode patient interface and implements a two-pole high-
pass filter with a cutoff at 0.3 Hz, and a two-pole low-pass filter
with a cutoff frequency of 37 Hz. The total signal gain in the
pass band is 400. The fully conditioned signal is sampled by the
sigma-delta ADC integrated on the low power microcontroller,
ADuCM360. The wide dynamic range of this ADC provides
flexibility to reduce the signal gain to avoid saturation, depending
on electrode placement.

Because the pass band is ly wide for ambulatory applica-
tions, the ADXL346 accelerometer signal can be used to further
minimize the noise introduced by the motion of the p

M the mi ller can use the motion information

to monitor inactivity and to issue a system shutdown to save
battery power.

The low dropout regul. that the maximum of 3 V is
not exceeded, especially during charge cydes of the battery,
which can be a lithium-ion cell.

In this application, the ADuCM3640 uses its Port 0 to perform
DMA fers to the host interface or to an
on-board memory, if recording the form for later
However, in any particular application, this port should be used
for the busiest interface to minimize CPU cycles and maintain
low power operation.

Note that this circuit is shown to demonstrate the capabilities of
ADS232 and other system comp It is not a compl
system design and additional effort must be made to ensure
compliance with medical safety guidelines from regulatory
agencies.
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PACKAGING AND ORDERING INFORMATION

OUTLINE DIMENSIONS

410
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- 390
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SEATING _ .00
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|
COMPLIANT TO JEDEC STANDARDS MO-220-WGGD. E
Figure 69. 20-Leod Lead Frame Chip Scalke Package [LFCSP_WQJ
4 mm x 4 mm Body, Very Very Thin Quod
{cP-20-10)
Demensions shawn in milimeters

ORDERING GUIDE
Model’ Temperature Range | Package Description Package Option
AD8232ACPZ-R7 -40°Cto +85°C 20-Lead Lead Frame Chip Scale Package [LFCSP_WQ] CP-20-10
AD8232ACPZ-RL ~40°Cto +85°C 20-Lead Lead Frame Chip Scale Package [LFCSP_WQJ CP-20-10
AD8232ACPZ-WP -40"C to +85°C 20-Lead Lead Frame Chip Scale Package [LFCSP_WQJ CP-20-10
AD8232-EVALZ Evaluation Board

Z = Ro#S Comgliant Part.
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Modulo ADC - ADS1115

i3 TEXAS ? ADS1113
INSTRUMENTS ADS1114
ADS1115

Ultra-Small, Low-Power, 16-Bit

Analog-to-Digital Converter with Internal Reference
Check for Samples: ADS1113 ADS1114 ADS1115

FEATURES DESCRIPTION
+ ULTRA-SMALL QFN PACKAGE: The ADS1113, ADS1114, and ADS1115 are
2mm x 1,5mm x 0,4mm precision analog-to-digital converters (ADCs) with 16
« WIDE SUPPLY RANGE: 2.0V to 5.5V bits of resolution offered in an ultra-small, leadless
. LOW CURRENT CONSUMPTION: QFN-10 pe’d(age or an MSOP-10 package. The
ADS1113/4/5 are designed with precision, power,
Continuous Mode: Only 150pA ; ety /
ease of implementation in mind. The ADS1113/4/5
Single-Shot Mode: Auto Shut-Down feature an onboard reference and oscillator. Data are
+ PROGRAMMABLE DATA RATE: transferred via an 1°C-compatible serial interface; four
8SPS to 860SPS ’C slave addresses can be selected. The
. INTERNAL LOW-DRIFT ADS.|"3/4\/5 operate from a single power supply
VOLTAGE REFERENCE ranging from 2.0V to 5.5V.
« INTER The ADS1113/4/5 can perform conversions at rates
S IN’I'ER::LL mILLATOR up to 860 samples per second (SPS). An onboard
PGA is available on the ADS1114 and ADS1115 that
« PPC™ INTERFACE: Pin-Selectable Addresses offers input ranges from the supply to as low as
+ FOUR SINGLE-ENDED OR TWO +256mV, allowing both large and small signals to be
DIFFERENTIAL INPUTS (ADS1115) measured with high resolution. The ADS1115 also

features an input muitiplexer (MUX) that provides two

* PROGRAMMABLE COMPARATOR differential or four single-ended inputs.

(ADS1114 and ADS1115)
The ADS1113/4/5 operate either in continuous
conversion mode or a single-shot mode that
f‘P:oLilt?:B?.gmzmquNTAmN automatically powers down after a conversion and
greatly reduces current consumption during idie
+ CONSUMER GOODS periods. The ADS1113/4/5 are specified from —40°C
+ BATTERY MONITORING to +125°C.
+ TEMPERATURE MEASUREMENT
+ FACTORY AUTOMATION AND PROCESS
CONTROLS
00 Voo

ADS1118 c

ARG ADS1114 Corpu =
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i Piease be aware that an important notice conceming avallability, standard wasranty, and use in critical appications of Texas
Insyuments semiconducion products and disciaimers therelo appears at the end af this data sheel.

12C iz a trademark of NXP Semiconduciors.

All ather trademarks are the property of their respective owners.
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SHAS444E —MAY 2009-REVISED DCTDEER 3008 . HLo g
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This inbegrated cicull can be damaged by ESD. Texas instruments recommends that all Infegraled cinoulls be handied with
_,‘ appropriate precautions. Falure o obserse proper handing and installaion procedures can causs damage.

m ESD damage can rangs from sublie pesformance degradaition 1o compisle device fallure. Frecision integrated drcuits may be more
suscephibis b0 damage because very small parameiric changes could cause the device nol fo mest s pubdished specifications.

ORDERING INFORMATION

For the most current package and ordering information, see the Package Option Addendum at the end of this
document, or see the Tl web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS!"

AD51113, AD51114, AD51115 UNIT
VoD o GHND —0.3 to +3.3 W
Analog Input current 100, momentary mé
Analog Input current 10, continuous mé
Analog Inpul voltage 1o GND —0.3 to VDD + 0.3 v
Sow, SCL. ADDR, ALEAT/ADY woltage o GND =0.5 b +3.3 W
Mandmum juncion temperatuns +130 C
Siorage lemperature ranges —00 10 +150 c

{1} Siresses above those listed under Absolufe Maximum Aaiings may cawss permanant damage bo the devics. Exposure i absolule
mamimum conditions for extended pariods may atiec] device reliability.

PRODUCT FAMILY
PACKAGE INFUT CHANMELS

DESIGNATOR RESOLUTION | MAXIMUM SAMPLE Ditfierential/
DEVICE MSOP/QFN (Bits) RATE [S5P5) COMPARATOR PGA ingle-Ended)
ADS1113 BROVNE 18 ) Na No 11
ADS1114 BAMIMNES 18 ) Yes Yes 11
ADS1115 BOGIN 18 B Yes Yes E
ADSI013 BRMLNIY 12 3300 Na No 11
ADS1014 BROVNE 12 3300 Yes Yes 11
ADSI0S ERFINT 12 3300 Yes Yes 24
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ELECTRICAL CHARACTERISTICS

Al specifications at —40°C to +125°C, VDD = 3.3V, and Full-Scale (F5) = £2.048V, unless otherwise noted.
Typical values are at +25°C.

ADS1113, ADS1114, ADS1115
PARAMETER TEST CONDITIONS MmN | TP | max UNIT
ANALOG INPUT
Full-scaie iInput voltage ' Wiy = [AING] — ANy +4 090 PGEA v
Analog input woltage AlMy or A, 1o GHND GHND VDD W
Diffarantial input Impedance Ses Table 2
F5 = 01448 10 kAl
FS = 24.086V 2 04BY =] kAl
Common-mode input Impadance = — a - —
F5 = #0512V, +0 250V 100 kAl
SYSTEM FORMANCE
Resclufian No missing codes 16 Bits
Data rate [DF) SP3
Daifa rale variaion 2 data rates -0 0 %
Dutput nolss Sea Typical Characteristics
Intagral nonlinearity DR = B3PS, FS = +2.048Y, best it~ 1 L38
Oftact o FS = +2 048Y, difterential inpuis & 43 L=8
F5 = +2 048V, single-ended Inputs 23 L38
Oifset drift F5 = +2 048V 0.003 LSa"C
Oifiset power-supply rejection F5 = +2.048V 1 LsBwv
Gain errar”™ FS = +2. 048V a1 23°C 0.01 oS L
FS = 0 288V 7 ppmsC
Gain drin®® FS = +2 048V ] 40 ppmC
FS = 481448V a ppmsC
Gain power-supply rejection B0 PR
PEA gain maxch Match babween any bao PGA gains 0.0z 0.1 %
Gain malch Maich between any two Inputs 0,03 o1 %
CHiset maich Maich between any two Inputs 3 LS8
At dc and FS = £0 250V 103 dB
At dc and FS = £2 4BV 100 dB
Common-mode rejectian At dc and FS = #6144y B0 dB
Iow = BOHz, DR = BSPS 103 dB
Iy = 30HzZ, DR = B3PS 103 dB
DIGITAL INPUT/QUTPUT
Logic level
Wi o.TvDD W
L GMD - 0.5 oL3IvDD W
Vi Iy = 3ma GHND 0.13 0.4 v
Input l=akage
s Wiy = DOW 10 HA
h Vip = GND 0 HA

1) This parameter expresses the full-scale range of the ADC scaling. in no event should more than VDD + 0.3V be applied o this devios
2] 9% of Tul-scale
3] Includes all emrors from onboard PGA and relerence

Copyright © 2005, Texas instruments Incorporaied Sutumit Dooumeys
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ELECTRICAL CHARACTERISTICS (continued)

Al specifications at —40°C to +125°C, VDD = 3.3V, and Full-Scale (F5) = £2.048V, unless otherwise noted.
Typical values are at +25°C.

AD51113, AD51114, AD51115
e
PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
POWER-SUPPLY REQUIREMENTS
Powes-supply wolage 2 5.5 v
Pawear-down current at 23°C 0.3 2 HA
Pawer-down curent up io 123°C 3 HA
Supply curent
Operaling cument at 25°C 150 200 HA
Operating current up o 123'C 300 HA
WD = 5.0 03 e
Power dissipation WD = 3.3V 03 Ll
WO = 2.0 03 e
TEMPERATURE
Siorage lemperature -0 +130 c
Speciied tempearabure —40 +123 c
PIN CONFIGURATIONS
DS PACKAGE
TLL=RT]
o aEw;
ALEFT/FOY ADST1 2 ADSI112 oo AEENTIRER: ROSA TR £ ADSI112 3 =
ADSIT14 3 ADSIT14 z‘_::
ADSINS ADYS 1112 D — ADSINS
amn | 4 '|.-|,: ADIST1ES D
D511 O =
L] Il-'l..' ADIST1ES D
PIN DESCRIPTIONS
DEVICE AMALDG
DeGITAL
INFUT
FIN & | ADS1113 | ADE1114 ADS111S DUTPUT DEECRIFTION
1 ADDR ADDR ADDR Digital Input FC siave address select
2 HC ALEAT/RDY | ALEAT/ADY | Digital Ouipul | Digial compamior culpul or commersion ready [MC for ADS1113)
3 GHD GND GND Anaicg Ground
L AIND ARD AIND Analeg input | Diflerential channel 1: Positive input o single-ended channel 1 input
3 AIN1 AR AIN1 Analeg input | Diflerential channel 1: Negalive input or single-ended cranned 2 Input
] NC NC AINZ Analeg input | Diflerential channel 2: Positive input o single-ended channel 3 Input [NC for ADS11134)
= = = Diflerential channed 2: Megative Input or single-ended channed 4 input
NC MC AING Analog irput | o e 112
a8 VDD WOo WOo Anaicg Power supply: 2 0V o 3.5W
8 S04 SDA S04 Diigital O | Serial cata: Trarsmis and recetves data
10 SCL BCL SCL Digital Input Serial clock iInput: Clocks data on SDA
{1} MG pins may be lefl fioating ar tied to ground
4 Submit Documaniation Feedback Copyright © 2008, Texas Instruments Incosporaied
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TIMING REQUIREMENTS

SCL

EDA,

Figure 1. I*C Timing Diagram

Table 1. I*C Timing Definitions

FAST MODE HIGH-SPEED MODE
PARAMETER MIN MAY MIN MAX UNIT
SCL operaling frequency teoy a.o1 0.4 oo 3.4 MHz
f::dl:;lllrre bebaeen START and STOP e a0a 180 -
= = P—
ey apern g drid bosta| 000 1ee
Repeated STAAT condiion setup time tesra 804 180 ns
Siop condition setup time 1o nTo 804 180 ns
Daita hokd Bme HOOAT o a ns
Dala sebup time sUAT 100 0 ns
SCL clock low period o 1300 180 ns
SCL clock high period [ — 600 a0 ns
Clock/data fall birme 15 300 160 ns
Clockidata rise time ln 300 160 ns
Copyright © 2008, Texas instruments Incosporaied Sutymat Documertaion Fasaback 5

Product Folder Link{s): ADST {13 A0S 14 ADSTI 15



ADS1113
ADS1114 Texas

INSTRUMENTS
AD51115
SHAS444E - MAY 2005-REVISED OCTOEER 2008 wrww.HLoom
TYPICAL CHARACTERISTICS
At Ta = +25°C and VDD = 3.3V, unless otherwise noted.
OPERATING CURRENT vs TEMPERATURE SHUTDOWN CURRENT vs TEMPERATURE
300 L1]
a5
= - 40
= WOD = SV | =" =
= 2 e & as
=" an
E 13 —"'r':f_—'rj‘::ﬁf E 23
B T —Tmo. v VDD = 3.3% a0 e
100 s VDD = 5V,
. VDD = 3.3V -
] — =
s ! 5';:.__-#
. . VDD = 2V
40 -20 0O I 40 60 B0 100 120 140 -0 -20 0O 20 40 ®1 B0 100 120 140
Temperature ("C) Temperature ("C)
Figure 2. Figure 3.
SINGLE-ENDED OFFSET ERROR vs TEMPERATURE ™ DIFFERENTIAL OFFSET wvs TEMPERATURE
150 ]
o me ——ra-smm = ] '
- : = = " VOO | ]
s 4 VOO =2V | asEs g e
3 e ST T FEEPTES ey 30
] el g . | voo-av] |
-l
f -100 ...-"-"-T?-“':: 3 10 VDD - 3 .
o S A T
el ’ " VDD - 2V
2w [ Vo -w -10 .
-300 | -2
40 -20 0O 20 40 ®1 B0 100 120 140 &0 -20 0O 2 40 @ B 100 120 140
Temperature [*C) Temperature (T}
Figure 4. Figure 5.
GAIN ERAOR vs TEMPERATURE GAIN ERROR ws SUPPLY
n.oa 018
FS5 = 0250V
o4 -
"1 010
noa | 2 et S
Y Mot vl =T T T N w00
g " = £ F5 - 250wV,
5 oo ”‘{_' P . Ny B
i@, e T T w 0 e
i F=T [~  stosoe™ amzoraa| 5 T
S —— " o -0.03
-n.02
-0.10
-0.03
004 -0.13
-4 -0 0O 2 40 @ B0 100 120 140 20 23 30 35 40 43 om0 om0
Temperature (T} Supply Volage (V]
Figure 6. Figure T.

{1} This parameter expresses the full-scaie range of the ADC scaling. In no event should mors than VOO + 0.3Y be applied 1o this devios.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C and VDD = 3.3V, unless otherwise noted.

INL vs SUPPLY VOLTAGE*

§ 8 B8

I
F3 - :L\!“V '/\

Irtegral Noelineaity g V)

30
}’F/s-xzub\ FS = £0.312, 20296V
20 R g =
—
10 2 —
— L —7
0
20 23 30 33 40 45 80 83
Supply Voliage (V)
Figure 8.
INL vs INPUT SIGNAL
o
FS = 20512V
VDD = 33V
s % |pR - 8PS
= Best Fit +125°C
2 ™ =
E [ S 40°C
0 L Z== =
7
§ / s2a°C
5 -2
- ’
-®
-05 -0375-0290-0125 O 0425 0200 037 05
Input Signal (V)
Figure 10.
INL vs INPUT SIGNAL
% F5--0st2v
VOO = 8V
s 40 | DA - 85PS
3z Best FR Ty=425C
2 20 L
2 Ta= 40C N
= 1 N —
§ )
Ty=4125C
% -20
40
-e0
03 -04 03 -02 01 0 01 02 03 04 03
gt Voltage (V)
Figure 12

Integral Nonlineanty V) Integral Norlineanty 4 V)

Integral Nonlineanty (uV)

INL vs INPUT SIGNAL
FS = 22.048V]
VDD = 33V
DR = BSPS
Best Fit +125°C
.
.\‘NL‘ -40°C
N 0 i e S Yo o D
/ ‘-‘...‘.--\\
re - -
2 £
25°c
@
20 13 -t0 03 0 ©05 10 15 20
Input Signal (V)
Figure 9.
INL vs INPUT SIGNAL
]
FS = =2.048V]
VDD = 5V
40 | DR - 85P5
Best F2
20
ot ol
° =
Tp = +129°C Ta=423C
-20
-40
-60
20 13 -10 035 0 03 10 13 20
Input Voltage (V)
Figure 11.
INL vs TEMPERATURE
10
DR - B8PS
120
100
)
-2V 'a'
[ 4] A
-
VDO - 5V ) X
0 | — *
5 | -
20 %o
lvon-a.sv
° .
60 40 -20 0 20 40 €0 B0 100 120 140
TRemperaure ("C)
Figure 13.

(2) This parameter expresses the ful-scaie range of the ADC scaling. in no event should more than VDD + 0.3V be applied 1o this device.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C and VDD = 3.3V, unless otherwise noted.

HOISE vs INPUT SIGHAL MHOISE vs SUPPLY VOLTAGE
12 3
F = s anz F5 = 22 C4BY
- 30
~_ | - . I e BEOSPS
z ® DR = BOOSFS z
v w 20
g0 2
W — |_DA - 1283P5 n 1
| — 12B5FS
E 4 DR = E5PE & 10
2 5
. . &5PS
0.5 04 03 02 01 0 04 02 03 04 08 20 23 30 33 40 43 a0 as
Inpul Vokage (V) ‘Supply Vokage [V)
Figure 14. Figure 15.
MHOISE vs TEMPERATURE GAIN ERROR HISTOGRAM
i an 182 Units From & Produciion Lot
8 P52 D40 —
R . 23
z 7 f 2
ie 5
5 -] g 13
B o4 —— —=
B . —— g 10 —
2 3
, | FB =20 _I
Data Rate = BSPS My
o il o b =
© @0 om0 ® 8w S5°BEE88EREsRARNELRAR
Temperature "G} 4§ CCOCOOOOCCCOOOOODOOO0
Gain Ermor (%]
Figure 16. Figure 17.
OFFSET HISTOGRAM TOTAL ERROR ws INPUT SIGMAL
160 4
183 Unks From a Inchades noise, offsed, and gain eror
y4p | Prosduction Lot 3 [ ]
FE = =2.048V : i
g 120 2 ! |
5 im0 E_ 1 N s
g BO B o E"“‘-"f
] ]
. 3 - s
E b= ..-"‘"'J' -“‘\"H
z W -2 % X
E FS = =2 048Y
20 -3 Data Rale = BOOEFPS
o - T -4 -
-2 2 - o 1 H] a -2.048 -1.024 o 1024 2048
Oiftset LSEs) Input Signal (v}
Figure 18. Figure 10.
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TYPICAL CHARACTERISTICS (continued)
At T, = +25°C and VDD = 3.3V, unless otherwise noted.

DATA RATE vs TEMPERATURE FREQUENCY RESPONSE
? ¢ N I” Data Rate - 83PS
g P = | VDDV | e m
Y 20 f
b i _ 30
.§ . VDD = 23V g ™
T g 3
&3 4 " " 50
g 2 80 44
VDO - 2V =% o
N — 7
4 - | AL
40 -20 0 20 40 60 S0 100 120 140 10 100 1 10K
Temperatues ("C) Inputt Frequency (Hz)
Figure 20. Figure 21.
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OVERVIEW

The ADS1113/4/5 are very small, low-power, 16-bit,
delta-sigma (AZ) analog-to-digital converters (ADCs).
The ADS1113/4/5 are extremely easy to configure
and design into a wide variety of applications, and
allow precise measurements to be obtained with very
little effort. Both experienced and novice users of
data converters find designing with the ADS1113/4/5
family to be intuitive and problem-free.

The ADS1113/4/5 consist of a AT analog-to-digital
(AD) core with adjustable gain (excludes the
ADS1113), an internal voltage reference, a clock
oscillator, and an FC interface. An additional feature
available on the ADS1114/5 is a programmable digital
comparator that provides an alert on a dedicated pin.
All of these features are intended to reduce required
external circuitry and improve performance. Figure 22
shows the ADS1115 functional block diagram.

The ADS1113/4/5 A/D core measures a differential
signal, Vy, that is the difference of AIN; and AIN,. A
MUX is available on the ADS1115. This architecture
results in a wvery strong attenuation in any
common-mode signals. The converter core consists

of a differential, switched-capacitor AY modulator
followed by a digital filter. Input signals are compared
to the internal voltage reference. The digital filter
receives a high-speed bitstream from the modulator
and outputs a code proportional to the input voltage.

The ADS1113/4/5 have two available conversion
modes: single-shot mode and continuous conversion
mode. In single-shot mode, the ADC performs one
conversion of the input signal upon request and
stores the value to an internal result register. The
device then enters a low-power shutdown mode. This
mode is intended to provide significant power savings
in systems that only require periodic conversions or
when there are long idle periods between
conversions. In continuous conversion mode, the
ADC automatically begins a conversion of the input
signal as soon as the previous conversion is
completed. The rate of continuous conversion is
equal to the programmed data rate. Data can be read
at any time and always reflect the most recent
completed conversion.

ALERTROY

ADDR

SCL

SDA

Figure 22. ADS1115 Functional Block Diagram
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QUICKSTART GUIDE For example, to write to the configuration register to

This section provides a brief example of ADS1113/4/5
communications. Refer to subsequent sections of this
data sheet for more detailed explanations. Hardware
for this design includes: one ADS1113/4/5 configured
with an FC address of 1001000; a microcontroller
with an PC interface (Tl recommends the
MSP430F2002); discrete components such as
resistors, capacitors, and serial connectors; and a 2V
to 5V power supply. Figure 23 shows the basic
hardware configuration.

The ADS1113/4/5 communicate with the master
(microcontroller) through an I°C interface. The master
provides a clock signal on the SCL pin and data are
transferred via the SDA pin. The ADS1113/4/5 never
drive the SCL pin. For information on programming
and debugging the microcontroller being used, refer
to the device-specific product data sheet.

The first byte sent by the master should be the
ADS1113/4/5 address followed by a bit that instructs
the ADS1113/4/5 to listen for a subsequent byte. The
second byte is the register pointer. Refer to Table 9
for a register map. The third and fourth bytes sent
from the master are written to the register indicated in
the second byte. Refer to Figure 30 and Figure 31 for
read and write operation timing diagrams,
respectively. All read and write transactions with the
ADS1113/4/5 must be preceded by a start condition
and followed by a stop condition.

set the ADS1113/4/5 to continuous conversion mode
and then read the conversion result, send the
following bytes in this order:

Write to Config register:

First byte: 0b10010000 (first 7-bit I°C address
followed by a low read/write bit)

Second byte: 0b00000001 (points to Config register)

Third byte: 0b10000100 (MSB of the Config register
to be written)

Fourth byte: 0b10000011 (LSB of the Config register
to be written)

Write to Pointer register:

First byte: 0010010000 (first 7-bit IPC address
followed by a low read/write bit)

Second byte: 0b00000000 (points to Conversion
register)

Read Conversion register:

First byte: 0010010001 (first 7-bit I°C address
followed by a high read/write bit)

Second byte: the ADS1113/4/5 response with the
MSB of the Conversion register

Third byte: the ADS1113/4/5 response with the LSB
of the Conversion register

AINZ (ADS1115 Onty)
AINS (ADS1115 Only)

(ADS11145 Ony)
ADS111345

Figure 23. Basic Hardware Configuration
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MULTIPLEXER If it is possible that the voltages on the input pins may

The ADS1115 contains an input multiplexer, as
shown in Figure 24. Either four single-ended or two
differential signals can be measured. Additionally,
AINO and AINT! may be measured differentially to
AIN3. The multiplexer is configured by three bits in
the Config register. When single-ended signals are
measured, the negative input of the ADC is internally
connected to GND by a switch within the multiplexer.

o ADS1115
A -
e e e ——
VoD
N
G A o AN
AN1 —’—{ = ——e AN
VDD o "
ol |
A

ANZ O— 89— ¢

o
GnD
vDD
Q
oo A E:
AN3 - | s
A
&
GND

Figure 24. ADS1115 MUX

The ADS1113 and ADS1114 do not have a
multiplexer. Either one differential or one
single-ended signal may be measured with these
devices. For single-ended measurements, connect
the AIN1 pin to GND. Note that in subsequent
sections of this data sheet, AIN; refers to AINO and
AIN,, refers to AIN1 for the ADS1113 and ADS1114.

When measuring single-ended inputs it is important to
note that the negative range of the output codes are
not used. These codes are for measuring negative
differential signals such as (AIN; — AIN,) < 0. ESD
diodes to VDD and GND protect the inputs on all
three devices (ADS1113, ADS1114, and ADS1115).
To prevent the ESD diodes from tuming on, the
absolute voltage on any input must stay within the
following range:

GND - 0.3V < AiNx < VDD + 0.3V

violate these conditions, external Schottky clamp
diodes and/or series resistors may be required to limit
the input current to safe values (see the Absolute
Maximum Ratings table).

Also, overdriving one unused input on the ADS1115
may affect conversions taking place on other input
pins. If overdrive on unused inputs is possible, again
it is recommended to clamp the signal with external
Schottky diodes.

ANALOG INPUTS

The ADS1113/45 use a switched-capacitor input
stage where capacitors are continuously charged and
then discharged to measure the voltage between
AINg and AIN,. The capacitors used are small, and to
external circuitry the average loading appears
resistive. This structure is shown in Figure 26. The
resistance is set by the capacitor values and the rate
at which they are switched. Figure 25 shows the
on/off setting of the switches illustrated in Figure 26.
During the sampling phase, S, switches are closed.
This event charges C, 1o AIN;, Cu to AN, and Cg
to (AINz — AIN,). During the discharge phase, S, is
first opened and then S; is closed. Both C,, and C,;
then discharge to approximately 0.7V and Cg
discharges to OV. This charging draws a very small
fransient current from the source driving the
ADS1113/4/5 analeg inputs. The average value of
this current can be used to caiculate the effective
impedance (R.y) where Rep = Va/laverace-

Sl I

™ o [ L[ L

Figure 25. S, and S, Switch Timing for Figure 26
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_L ok ‘5
= 0.7V

Figure 26. Simplified Analog Input Circuit

The common-mode input impedance is measured by
ing a common-mode signal to shorted AIN- and
AIN,, inputs and measuring the average current
consumed by each pin. The common-mode input
impedance changes depending on the PGA gain
setting, but is approximately 6MQ for the default PGA
gain setting. In Figure 26, the common-mode input
impedance is Zgy,
The differential input impedance is measured by
applying a differential signal to AIN, and AIN,, inputs
where one input is held at 0.7V. The current that
fiows through the pin connected to 0.7V is the
differential current and scales with the PGA gain
setting. In Figure 26, the differential input impedance
is Zpr¢. Table 2 describes the typical differential input
impedance.

Table 2. Differential Input Impedance

FS (V) DIFFERENTIAL INPUT IMPEDANCE
+0.144v'" 22m0
+4.080v'" 19m0

22 048V 4.9M0

£1.024V 2.4am0

20.512V 710k0

20,296V 710k0)

1. This parameter expresses the full-scale range of
the ADC scaling. In no event should more than
VDD + 0.3V be applied to this device.

The typical value of the input impedance cannot be
neglected. Unless the input source has a low
impedance, the ADS1113/4/5 input impedance may
affect the measurement accuracy. For sources with
high output impedance, buffering may be

Active buffers introduce noise, and also introduce
offset and gain errors. All of these factors should be
considered in high-accuracy applications.

Because the clock oscillator frequency drifts slightly
with temperature, the input impedances also drift. For
many applications, this input impedance drift can be
ignored, and the values given in Table 2 for typical
input impedance are valid.

FULL-SCALE INPUT

A programmable gain amplifier (PGA) is implemented
before the AZ core of the ADS1114/5. The PGA can
be set to gains of 2/3, 1, 2, 4, 8, and 16. Table 3
shows the cormresponding full-scale (FS) ranges. The
PGA is configured by three bits in the Config register.
The ADS1113 has a fixed full-scale input range of
$2.048V. The PGA = 2/3 setting allows input
measurement to extend up to the supply voitage
when VDD is larger than 4V. Note though that in this
case (as well as for PGA = 1 and VDD < 4V). it is not
possible to reach a full-scale output code on the
ADC. Analog input voltages may never exceed the
analog input voltage limits given in the Electrical
Characteristics table.

Table 3. PGA Gain Full-Scale Range

PGA SETTING FS(V)
23 0. 144v"
1 +4 000V

2 42 048V

4 +1.024V

8 +0.512V

10 +0 290V

1. This parameter expresses the full-scale range of
the ADC scaling. In no event should more than
VDD + 0.3V be applied to this device.
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DATA FORMAT The ADS1113/4/5 digital filter provides some

The ADS1113/4/5 provide 16 bits of data in binary
twos complement format. The positive full-scale input
produces an output code of 7FFFh and the negative
full-scale input produces an output code of 8000h.
The output clips at these codes for signals that
exceed full-scale. Table 4 summarizes the ideal
output codes for different input signals. Figure 27
shows code fransitions versus input voltage.

Table 4. Input Signal versus Ideal Output Code

INPUT SIGNAL, V,,
(AIN,, - MN.L IDEAL OUTPUT CODE™
ZFS (2" - 1y2" TFFFh
“FS2"” 0001h
0 0
-FS2'"* FFFFh
<-FS 8000h

1. Excludes the effects of noise, INL, offset, and
gain errors.

OTFFF
TFFE

0000
WFFFF

Quipd Code

DxE001

"l. ces @ eee 'f FS

J
! Input Voltage (AIN: - AIN,)
211_1 2'!_'

-Fs

-F8

- FS
2" 2"

Figure 27. ADS1113/4/5 Code Transition Diagram

ALIASING

As with any data converter, if the input signal
contains frequencies greater than half the data rate,
aliasing occurs. To prevent aliasing, the input signal
must be bandlimited. Some signals are inherently
bandlimited. For example, the output of a
thermocouple, which has a limited rate of change.
Nevertheless, they can contain noise and interference
components. These components can fold back into
the .:mping band in the same way as with any other
signal.

attenuation of high-frequency noise, but the digital
Sinc fiter frequency response cannot completely
replace an anti-aliasing filter. For a few applications,
some external filtering may be needed; in such
instances, a simple RC filter is adequate.

When designing an input filter circuit, be sure to take
into account the interaction between the filter network
and the input impedance of the ADS1113/4/5.

OPERATING MODES

The ADS1113/4/5 operate in one of two modes:
continuous conversion or single-shot. In continuous
conversion mode, the ADS1113/4/5 continuously
perform conversions. Once a conversion has been
completed, the ADS1113/4/5 place the result in the
Conversion register and immediately begins another
conversion. In single-shot mode, the ADS1113/4/5
wait until the OS bit is set high. Once asserted, the bit
is set to '0", indicating that a conversion is currently in
progress. Once conversion data are ready, the OS bit
reasserts and the device powers down. Writing a 1"
to the OS bit during a conversion has no efiect.

RESET AND POWER-UP

When the ADS1113/4/5 powers up, a reset is
performed. As part of the reset process, the
ADS1113/4/5 set all of the bits in the Config register
to the respective default settings.

The ADS1113/4/5 respond to the I°C general call
reset command. When the ADS1113/4/5 receive a
general call reset, an internal reset is periormed as if
the device had been powered on.

DUTY CYCLING FOR LOW POWER

For many applications, the improved performance at
low data rates may not be required. For these
applications, the ADS1113/4/5 support duty cycling
that can yield significant power savings
periodically requesting high data rate readings at an
effectively lower data rate. For example, an
ADS1113/4/5 in power-down mode with a data rate
set to 860SPS could be operated by a microcontroller
that instructs a single-shot conversion every 125ms
(BSPS). Because a conversion at 860SPS only
requires about 12ms, the ADS1113/4/5 enter
power-down mode for the remaining 123.8ms. In this
configuration, the ADS1113/4/5 consume about
1/100th the power of the ADS1113/4/5 operated in
continuous conversion mode. The rate of duty cycling
is completely arbitrary and is defined by the master
controfler. The ADS1113/4/5 offer lower data rates
that do not implement duty cycling and offer improved
noise performance if it is needed.
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COMPARATOR (ADS1114/15 ONLY)

The ADS1114/5 are each equipped with a
customizable comparator that can issue an alert on
the ALERT/RDY pin. This feature can significantly
reduce external circuitry for many applications. The
comparator can be implemented as either a
traditional comparator or a window comparator via the
COMP_MODE bit in the Config register. When
implemented as a ftraditional comparator, the
ALERT/RDY pin asserts (active low by defauit) when
conversion data exceed the limit set in the high
threshold register. The comparator then deasserts
when the input signal falls below the low threshold
register value. In window comparator mode, the
ALERT/RDY pin asserts if conversion data exceed
the high threshold register or fall below the low
threshold register.

In either window or traditional comparator mode, the
comparator can be configured to latch once asserted
by the COMP_LAT bit in the Config register. This
setting causes the assertion to remain even if the
input signal is not beyond the bounds of the threshold
registers. This latched assertion can be cleared by
issuing an SMBus alert response or by reading the
Conversion register. The COMP_POL bit in the
Config register configures the ALERT/RDY pin as
active high or active low. Operational diagrams for
the comparator medes are shown in Figure 28 and
Figure 29.

The comparator can be configured to activate the
ALERT/RDY pin after a set number of successive
readings exceed the threshold. The comparator can
be configured to wait for one, two. or four readings
beyond the threshold before activating the
ALERT/RDY pin by changing the COMP_QUE bits in
the Config register. The COMP_QUE bits can also
disable the comparator function.

CONVERSION READY PIN (ADS1114/5 ONLY)

The ALERT/RDY pin can also be configured as a
conversion ready pin. This mode of operation can be
realized if the MSB of the high threshold register is
set to '1" and the MSB of the low threshold register is
set to '0’. The COMP_POL bit continues to function
and the COMP_QUE bits can disable the pin;
however, the COMP_MODE and COMP_LAT bits no
longer control any function. When configured as a
conversion ready pin, ALERT/RDY continues to
require a pull-up resistor. When in continuous
conversion mode, the ADS1113/4/5 provide a brief
(~8us) puise on the ALERT/RDY pin at the end of
each conversion. When in single-shot shutdown
mode, the ALERT/RDY pin asserts low at the end of
a conversion if the COMP_POL bit is set to 0'.

rew Sgnal

Time

Lachng Zaczwastil
Comparxion SNBUa Amnt
Cue Amgonas
T
Non Latching
Compmmar
Oupu

Time

Figure 28. Alert Pin Timing Diagram When
Configured as a Traditional Comparator

Term

Thrm

Neon-Lutctung

Cuse

Tirm

Figure 29. Alert Pin Timing Diagram When
Configured as a Wlndm Cola';\purnor
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SMBus ALERT RESPONSE An FC bus consists of two lines, SDA and SCL. SDA

When configured in latching mode (COMP_LAT = '1"
in the Config register), the ALERT/RDY pin can be
implemented with an SMBus alert. The pin asserts if
the comparator detects a conversion that exceeds an
upper or lower threshold. This interrupt is latched and
can be cleared only by reading conversion data, or by
issuing a successful SMBus alert response and
reading the asserting device address. I
conversion data exceed the upper or lower thresholds
after being cleared, the pin reasserts. This assertion
does not affect conversions that are already in
progress. The ALERT/RDY pin, as with the SDA pin,
is an open-drain pin. This architecture allows several
devices to share the same interface bus. When
disabled, the pin holds a high state so that it does not
interfere with other devices on the same bus line.

When the master senses that the ALERT/RDY pin
has latched, it issues an SMBus alert command
(00011001) to the FFC bus. Any ADS1114/5 data
converters on the I°C bus with the ALERT/RDY pins
asserted respond to the command with the slave
address. In the event that two or more ADS1114/5
data converters present on the bus assert the latched
ALERT/RDY pin, arbitration during the address
response portion of the SMBus alert decides which
device clears its assertion. The device with the lowest
I°C address always wins arbitration. if a device loses
arbitration, it does not clear the comparator output pin
assertion. The master then repeats the SMBus alert
response until all devices have had the respective
assertions cleared. In window comparator mode, the
SMBus alert status bit indicates a 1" if signals exceed
g‘ae ﬁtgbl;dmreshou and a "0’ if signals exceed the low
reshold.

FC INTERFACE

The ADS1113/4/5 communicate through an FC
interface. I°C is a two-wire open-drain interface that
supports multiple devices and masters on a single
bus. Devices on the I°C bus only drive the bus lines
low by connecting them to ground; they never drive
the bus lines high. Instead, the bus wires are pulled
high by pull-up resistors, so the bus wires are high
when no device is driving them low. This way, two
devices cannot conflict; if two devices drive the bus
simultaneously, there is no driver contention.

Communication on the FC bus always takes place
between two devices, one acting as the master and
the other as the slave. Both masters and slaves can
read and write, but slaves can only do so under the
direction of the master. Some I°C devices can act as
masters or slaves, but the ADS1113/4/5 can only act
as slave devices.

carries data; SCL provides the clock. All data are
transmitted across the °C bus in groups of eight bits.
To send a bit on the I°C bus, the SDA line is driven to
the appropriate level while SCL is low (a low on SDA
indicates the bit is zero; a high indicates the bit is
one). Once the SDA line settles, the SCL line is
brought high, then low. This pulse on SCL clocks the
SDA bit into the receiver shift register. If the I°C bus
is held idle for more than 25ms, the bus times out.

The I*C bus is bidirectional: the SDA line is used for
both transmitting and receiving data. When the
master reads from a slave, the slave drives the data
line; when the master sends to a slave, the master
drives the data line. The master always drives the
clock line. The ADS1113/4/5 never drive SCL,
because they cannot act as a master. On the
ADS1113/4/5, SCL is an input only.

Most of the time the bus is idle; no communication
occurs, and both lines are high. When communication
is taking place, the bus is active. Only master devices
can start a communication and initiate a START
condition on the bus. Normally, the data line is only
allowed to change state while the clock line is low. If
the data line changes state while the clock line is
high, it is either a START condition or a STOP
condition. A START condition occurs when the clock
line is high and the data line goes from high to low. A
STOP condition cccurs when the clock fine is high
and the data line goes from low to high.

After the master issues a START condition, it sends a
byte that indicates which slave device it wants to
communicate with. This byte is called the address
byte. Each device on an FC bus has a unique 7-bit
address to which it responds. The master sends an
address in the address byte, together with a bit that
indicates whether it wishes to read from or write to
the slave device.

Every byte transmitted on the I°C bus, whether it is
address or data, is acknowledged with an
ackno bit. When the master has finished
sending a byte (eight data bits) to a slave, it stops
driving SDA and waits for the slave to acknowledge
the byte. The slave acknowledges the byte by pulling
SDA low. The master then sends a clock pulse to
clock the acknowledge bit. Similarly, when the master
has finished reading a byte. it pulls SDA low to
acknowledge this to the slave. It then sends a clock
pulse to clock the bit. (The master always drives the
clock line.)

A not- is performed by simply leaving
SDA high during an acknowledge cycle. If a device is
not present on the bus, and the master attempts to
address it, it receives a not-acknowledge because no
device is present at that address to pull the line low.
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When the master has finished communicating with a
slave, it may issue a STOP condition. When a STOP
condition is issued, the bus becomes idle again. The
master may also issue another START condition.
When a START condition is issued while the bus is
active, it is called a repeated START condition.

See the Timing Reguirements section for a timing
diagram showing the ADS1113/4/5 FC transaction.

FC ADDRESS SELECTION

The ADS1113/4/5 have one address pin, ADDR, that
sets the I°C address. This pin can be connected to
ground, VDD, SDA. or SCL, allowing four addresses
to be selected with one pin as shown in Table 5. The
state of the address pin ADDR is sampled
continuously.

Table 5. ADDR Pin Connection and
Corresponding Slave Address
ADDR PIN SLAVE ADDRESS
Ground 1001000
VDO 1001001
Soa 1001010
SCL 1001011
FC GENERAL CALL

The ADS1113/4/5 respond to the I°C general call
address (0000000) if the eighth bit is '0". The devices
acknowledge the general call address and respond to
commands in the second byte. If the second byte is
00000110 (06h), the ADS1113/4/5 reset the internal
registers and enter power-down mode.

FC SPEED MODES

The PC bus operates at one of three speeds.
Standard mode allows a clock frequency of up to
100kHz; fast mode permits a clock frequency of up to
400kHz; and high-speed mode (also called Hs mode)
allows a clock frequency of up to 3.4MHz. The
mw«s are fully compatible with all three

No special action is required to use the ADS1113/4/5
in standard or fast mode, but high-speed mode must
be activated. To activate high-speed mode, send a
special address byte of 00007xxx following the
START condition, where xxx are bits unique to the
Hs-capable master. This byte is called the Hs master
code. (Note that this is different from normal address
bytes; the eighth bit does not indicate read/write
status.) The ADS1113/4/5 do not acknowledge this

byte; the FFC specification prohibits acknowledgment
of the Hs master code. Upon receiving a master
code, the ADS1113/4/5 switch on Hs mode filters,
and communicate at up to 3.4MHz. The ADS1113/4/5
switch out of Hs mode with the next STOP condition.

For more information on high-speed mode, consult
the I°C specification.

SLAVE MODE OPERATIONS

The ADS1113/4/5 can act as either slave receivers or
slave ftransmitters. As a slave device, the
ADS1113/4/5 cannot drive the SCL line.

Receive Mode:

In slave receive mode the first byte transmitted from
the master to the slave is the address with the R'W
bit low. This byte allows the slave to be written to.
The next byte transmitted by the master is the
register pointer byte. The ADS1113/4/5 then
acknowledge receipt of the register pointer byte. The
next two bytes are written to the address given by the
register pointer. The ADS1113/4/5 acknowledge each
byte sent. Register bytes are sent with the most
significant byte first, followed by the least significant
byte.

Transmit Mode:

In slave transmit mode, the first byte transmitted by
the master is the 7-bit slave address followed by the
high R/W bit. This byte places the slave into transmit
mode and indicates that the ADS1113/4/5 are being
read from. The next byte transmitted by the slave is
the most significant byte of the register that is
indicated by the register pointer. This byte is followed
by an acknowledgment from the master. The
remaining least significant byte is then sent by the
slave and is followed by an acknowledgment from the
master. The master may terminate transmission after
any byte by not acknowledging or issuing a START or
STOP condition.

WRITING/READING THE REGISTERS

To access a specific register from the ADS1113/4/5,
the master must first write an appropriate value to the
Pointer register. The Pointer register is written directly
after the slave address byte, low R'W bit, and a
successful slave acknowledgment. After the Pointer
register is written, the slave acknowledges and the
master issues a STOP or a repeated START
condition.
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When reading from the ADS1113/4/5, the previous
value written to the Pointer register determines the
register that is read from. To change which register is
read, a new value must be written to the Pointer
regisier. To write a new value to the Pointer register,
the master iszues a slave address byte with the R'W
bit low, followed by the Pointer register byte. Mo
additional data need to be transmitied, and a STOP
condition can be issued by the master. The master
may now issue a START condition and send the
glave address byte with the R/W bit high to begin the
read. Table 10 details this sequence. If repeated
reads from the same register are desired, there is no
need to continually semnd Pointer register byles,
because the ADS1113/4/5 store the value of the
Pointer register umtil it i modified by a write
operation. However, every write operation reguires
the Pointer register to be written.

REGISTERS

The ADS111345 have four registers that are
accessible via the 1°C port. The Conversion register
contains the result of the last conversion. The Config
register allows the user to change the ADS1113/4/5
operating modes and query the status of the devices.
Two registers, Lo_thresh and Hi_thresh, set the
threshold values used for the comparator function.

POINTER REGISTER

The four registers are accessed by writing to the
Pointer register byte; see Figure 30. Table & and
Table 7 indicate the Pointer register byte map.

Table 6. Register Address

BIT 1 BIT D REGISTER
o o Caonwersion regisier
o 1 Conng register
1 o Lao_fthresh regisier
1 1 Hi_thwesh regisier
CONVERSION REGISTER

The 16-bit register contains the result of the last
conversion in  binary ftwos complement format.
Following reset or power-up, the Conversion register
is cleared to ', and remains 0" until the first
conversion is completed.

The register format is shown in Table 8.

CONFIG REGISTER

The 16-bit register can be used to control the
ADS11134/5 operating mode, input selection, data
rate, PGA settings, and comparator modes. The
register format is shown in Table 9.

Table 7. Pointer Register Byte (Write-Only)

BITT BITH BITS BIT 4 BIT3 BIT2 BITA | BITO
] ] ] ] ] ] Aegister address
Table 8. Conversion Register (Read-Only)
BIT 13 14 13 12 11 10 B B 7 a 5 4 3 2 1 o
NAME ois | 014 | i3 | o1z | o1 | oo | Da DE o7 Do =3 D4 D2 o2 o1 Do
Table 9. Config Register (ReadWrite)
BIT 13 14 13 12 11 10 B B
HAME [+ ML ML LD PEAZ PEAT PGAD MODE
BIT 7 a ] 4 3 2 1 o
HAME DR2 DA1 DAD COmMP_MODE | COMP_POL | COMP_LAT | COMP_QUE! COMP_QUED
Default = 8583h.
Bit [15] 0G: Operational status/single-shot conversion start
Thiss bit defermines the cperational stalus of the device.
This bit can only be writien whean In powes-down mode.
For a wrile siatus
O - Na sffect
1 - Begin a single comversion (when in power-cown mode)
For a read stafus
0 - Device ks curnenily periorming a conversion
1 - Davice ks nol cumently performing a conversion
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Bits [14:12] MUX[2:0]: Input multiplexer configuration (ADS1115 only)
Thease bits configure the input mutiplexer. They serve no function on the ADS1113/4.
D00 : AINy, = AIND and AIN,, = AIN1 {default) 100 : AIN;, = AINO and AIN,, = GND
001 = AINy = AIND and AIN,, = AIN3 101 : AINg, = AIN1 and AIN,, = GND
010 : AINy = AINT and AIN,, = AIN3 110 : AIN; = AIN2 and AIN,, ~ GND
D11 - AINg = AIN2 and AIN,, = AIN3 111 : AINg = AING and AIN,, - GND
Bits [11:9] PGA[2:0]): Programmable gain amplifier configuration (ADS1114 and ADS1115 only)
These bits configure the progr gan amp They serve na function on the ADS1113.
000 : FS = 26.144v'" 100 : FS = £0.512V
001 - FS = 24.086v'" 101 : FS = 20.290V
010 : FS = £2.048V (datault) 110 : FS = :0.2%06V
011 :FS = 21.024V 111 :FS = £0.230V
Bit [8] MODE: Device operating mode
This bit contrals the current operatianal mode of e ADS1113/41
0 : Contnuous corversion mode
1 : Power-down single-shot mode (default)
Bits [7:5] DR[2:0]: Data rate
These bits control the data rate setting.
000 : 8SPS 100 : 1285PS (getaun)
001 - 165PS 101 : 250SPS
010 :32SPS 110 : 4735PS
011 :04SPS 111 : BEOSPS
Bit [4] COMP_MODE: Comparator mode (ADS1114 and ADS1115 only)
Thés bit controls the comp: mode of op It o the comp s mp asa
tradtitional comparator (COMP_MODE - '0) or as a window comparator (COMP_MODE = '1'). It serves no
function on the ADS1113.
0 : Traditional comp with hy )
1 : Window comparalor
Bit [3] COMP_POL: Comparator polarity (ADS1114 and ADS1115 only)
This bit controls the polarity of the ALERT/RDY pin. Winen COMP_POL = 'O’ the comparator output Is active
low. Wnen COMP_POL~'1' the ALERT/RDY pin Is active high. it serves no function on the ADS1113.
0 : Active low {detault)
1 : Active high
Bit [2] COMP_LAT: Latching comparator (ADS1114 and ADS1115 only)
Thes bit controls whether the ALERT/RDY pin lalches once asserted or Clears once conversions are within the
margn of the upper and lower ihreshoid vatues. When COMP_LAT = 0, the ALERT/RDY pin does not latch
when asseried. When COMP_LAT = ‘1", the asserted ALERT/RDY pin until data
are read by the master or an appropriate SMBus alert response Is sent by the master, the device responds with
Its address. and It is the lowest address currently asserting the ALERT/RDY bus Sne. This bit serves no
function on the ADS1113.
0 : Non-latching comparator (detaust)
1 : Latching comparator
Bits [1:0] COMP_QUE: Comparator queue and disable (ADS1114 and ADS1115 only)

These bits perform two functions. When set 1o *11', they disable the comparator function and put the
ALERT/RODY pin nfo a high state. When et 1o any other value, they control the number of successive
conversions exceeding the upper or lower thresholds required betore asserting the ALERT/RDY pin. They
serve no function on the ADS1113

0O : Assert after cna conversion

01 : Assert after two conversions.

10 : Assert after four conversions

11 : Disable comparator (detault)

(1) This parameter expresses the ful-scale range of the ADC scaling. in no event shouk more than VDD + 0.3V be applied 1o this device.
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Lo_thresh AND Hi_thresh REGISTERS

The upper and lower threshold values used by the
comparator are stored in two 16-bit registers. These
registers store values in the same format that the
output register displays values; that is, they are
stored in twos complement format. Because it is
implemented as a digital comparator, special
attention should be takem fto readjust wvalues
whenever PGA setlings are changed.

A secondary conversion ready function of the
comparator output pin can be realized by setting the
Hi_thresh register MSB to "1" and the Lo_thresh
register MSB to 10", However, in all other cases, the
Hi_thresh register must be larger than the Lo_thresh
register. The threshold register formats are shown in
Table 10. When set to RDY mode, the ALERT/RDY
pin outputs the OS5 bit when in single-shot mode and
pulses when in continuous conversion mode.

Table 10. Lo_thresh and Hi_thresh Registers

REGIETER Lo_thresh [Read'Write)
BIT 135 14 13 11 10 El E]
HAME Lo_treshtd | Lo keeshtd | Lo fwesnt3 | Lo #weshi2 | Lo wreshtt | Lo wreshin Lo_fweshs Lo_fFreshB
BIT 7 [ 5 3 z 1 [
HAME Lo_SweshT Lo_fTweshd Lo_Freshd Lo_Fweshd Lo_Fresh3 Lo_Swesh2 Lo_Sweshi Lo_fTweshd
REGIETER HI_thresh [Read Wrhe)
BIT 135 14 13 11 10 El E]
HAME H_threshis | H_threshid4 | H thesni3 | H_thesni2 | H thesaid H_threshio H_thresna H_threshs
BIT 7 ] 5 3 2 1 ]
HAME H_thresh7 H_threshe H_hreshis H_threshd H_thresnd H_thresh@ H_thresnl H_thresho

Lo_thresh default = 8000,
Hi_thresh default = TFFFh.
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ACKBy  Stop By

o 35 ADS111345  Master
'- Frame 1 TwoWire Siave Address Byte I —|- Frame 2 Pointer Regster Byle — —{
1 5 1 s

ey \_/ N8 8/ 1\ 0 Sy @@@@@@@@

Start By ACK By ACK 8y
Mazter ADS11134/5 Ansutus Master™
}.— Frame 3 TwoWire Siave Address Byte ——*.— Frame 4 Data Byte 1 Road Register ——i
1 9

SCL
(Cortinued)

b o ]

' [ 1 G |

' [ Vo
'

2 we@@@eo |

ACK By Stop By
Aosm:us Maste!™  Master

}o—Fume 3 Data Byle 2 Read Reguzu—.|

(1) The values of AO and A1 are determined by the ADDR pin.
{2) Master can leave SDA high 1 terminate a single-byte read operation.
(3) Master can leave SDA high % terminate a two-byte read operation.

Figure 30. Two-Wire Timing Diagram for Read Word Format
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EOA

BCL

(Confinued)

S04

(Confinued)

Stari By ACH, By CH By
Masier ADS111345 ADEA113a%
|--— Frame 1 Two-\Wire Slave Address Byis ————— Frame 2 Poinier Register Byle —-|

| ] f 8

T U

OO/ \DOEEBEEEE

% By Siop By
ADS1113475 ADS111345  Masier

|-7 Frame 3 Data Byte 1 I Frame 4 Data Err1r24-|

{1] The walues of A0 and A1 ane determined by the ADDR pin.

Figure 31. Two-Wire Timing Diagram for Write Word Format

ALEAT {

SO

Start By ACH By From MACH By Siop By
Master ADB111345 ADS1113/4%5  Masier  Maslor

e Frame | SMBus ALEAT Responss Address Byl _...l-.._ Frame 2 Siave Address From ADS1113 _...l

{1] The walues of A0 and A1 ane determined by the ADDR pin.

Figure 32. Timing Diagram for SMBus ALERT Response
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APPLICATION INFORMATION

The following sections give example circuits and
suggestions for using the ADS1113/4/5 in various
situations.

BASIC CONNECTIONS

For many applications, connecting the ADS1113/4/5
is simple. A basic connection diagram for the
ADS1115 is shown in Figure 33.

The fully differential voltage input of the ADS1113/4/5
is ideal for connection to differential sources with
moderately low source impedance, such as
thermocouples and thermistors. Although the
ADS1113/4/5 can read bipolar differential signals,
they cannot accept negative voltages on either input.
It may be helpful to think of the ADS1113/4/5 positive
voltage input as noninverting, and of the negative
input as inverting.

When the ADS1113/4/5 are converting data, they
draw current in short spikes. The 0.1uF bypass
capacitor supplies the momentary bursts of extra

The ADS1113/4/5 interface directly to standard mode,
fast mode, and high-speed mode I°C controllers. Any
microcontroller I°C peripheral, including master-only
and non-multiple-master I°C peripherals, can operate
with the ADS1113/4/5. The ADS1113/4/5 do not
perform clock-stretching (that is, they never pull the
clock line low), so it is not necessary to provide for
this function unless other clock-stretching devices are
on the same I°C bus.

Pull-up resistors are required on both the SDA and
SCL lines because PC bus drivers are open-drain.
The size of these resistors depends on the bus
operating speed and capacitance of the bus lines.
Higher-value resistors consume less power, but
increase the transition times on the bus, limiting the
bus speed. Lower-value resistors allow higher speed
at the expense of higher power consumption. Long
bus lines have higher capacitance and require
smaller pull-up resistors to compensate. The resistors
should not be too small; if they are, the bus drivers
may not be able to pull the bus lines low.

current needed from the supply.
ADS111s | 10 =
sCL b
VDD 1 | ADDR E0A E
Pul-Up Resisiors 2 |mertroy  voo! s
1hi2 10 10K (yp) [‘=1
3 |GND AIN3 L‘ = 0.tuF (yp)
Microcontrolier M\Xﬁ‘? 4 | AND AIN2 E :_[:
M;F:OC!SSD' > :> AINT
wit 1°C Port T £ m
sSCL : l -
SDA N — 1 }
o
GPYO j Inputs Selecied
- from Comfiguration
—_ Register

Figure 33. Typical Connections of the ADS1115
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CONNECTING MULTIPLE DEVICES

Connecting multiple ADS1113/4/5s to a single bus is
simple. Using the address pin, the ADS1113/4/5 can
be set to one of four different I°C addresses. An
example showing three ADS1113/4/5 devices is given
in Figure 35. Up to four ADS1113/4/5s (using
different address pin configurations) can be
connected to a single bus.

Note that only one set of pull-up resistors is needed
per bus. The pull-up resistor values may need to be
lowered slightly to compensate for the additional bus
capacitance presented by multiple devices and
increased line length.

The TMP421 and DAC8574 devices detect the
respective FC bus addresses based on the states of
pins. In the example, the TMP421 has the address
0101010, and the DACB574 has the address
1001100. Consuit the DACB574 and TMP421 data
sheets, available at www.ti.com, for further details.

USING GPIO PORTS FOR COMMUNICATION

Most microconirollers have programmable
input/output (1/O) pins that can be set in software to
act as inputs or outputs. If an I°C controller is not
available, the ADS1113/4/5 can be connected to
GPIO pins and the I°C bus protocol simulated, or
bit-banged, in software. An example of this
configuration for a single ADS1113/4/5 is shown in
Figure 34.

Bit-banging FC with GPIO pins can be done by
setting the GPIO line to '0' and toggling it between
input and output modes to apply the proper bus

states. To drive the line low, the pin is set to output
'0'; to let the line go high, the pin is set to input. When
the pin is set to input, the state of the pin can be
read; if another device is pulling the line low, this
configuration reads as a '0" in the port input register.

Note that no pull-up resistor is shown on the SCL
line. In this simple case, the resistor is not needed;
the microcontroller can simply leave the line on
output, and set it to '1" or '0' as appropriate. This
action is possible because the ADS1113/4/5 never
drive the clock line low. This technique can also be
used with multiple devices, and has the advantage of
lower current consumption as a result of the absence
of a resistive pull-up.

If there are any devices on the bus that may drive the
clock fines low, this method should not be used; the
SCL line should be high-Z or '0' and a pull-up resistor
provided as usual.

Some microcontrollers have selectable strong pull-up
circuits built in to the GPIO ports. In some cases,
these circuits can be switched on and used in place
of an external pull-up resistor. Weak pull-ups are also
provided on some microcontrollers, but usually these
are too weak for FC communication. If there is any
doubt about the matter, test the circuit beiore
committing it to production.

ADS1115 10
SCL

|
§
:

n"‘

TIRDY

&
o

£ 85
i i

[el[~][=]=]

(=]l

NOTE: ADS1113/4/3 power and Input connections omitted for clarty.

Figure 34. Using GPIO with a Single ADS1115
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clanty. ADDR, A3, A2, A1, and AD sslect the FC addresses.
HNOTE: ADS111343 power and Input connections omitbed for

clarnty. Tha ADDA pin selects the FC address. Figure 36. Cennecting Multiple Device Types
Figure 35. Connecting Multiple ADS1113/4/5s
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SINGLE-ENDED INPUTS The ADS11135 input range is bipolar differential with

Although the ADS1115 has two differential inputs, the
device can easily measure four single-ended signals.
Figure 37 shows a single-ended connection scheme.
The ADS1115 iz configured for single-ended
measurement by configuring the MUX to measure
each channel with respect to ground. Data are then
read out of one input based on the selection on the
configuration register. The single-ended signal can
range from OV fo supply. The ADS1115 loses no
linearity amywhere within the input range. Negative
voltages cannot be applied to this circuit because the
ADS1115 can only accept positive voltages.

respect to the reference. The single-ended circuit
shown in Figure 37 covers only half the ADS1115
input scale because it does not produce differentially
negative inputs; therefore, one bit of resolution is lost.

apsiiis |10
SCL
1 |ADDF| 5:u| ]
2 |AI_=FIT?:N mnl 8
3 | GMD api | 7
4 |Am -'-\.\l?l ]
AINT
-]

{
+ from Configuration
Register
i

5 | rputs Selected

WOTE: Digital and address pin conneclions omitied far clarity.

Figure 37. Measuring Single-Ended Inputs
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LOW-SIDE CURRENT MONITOR The ADS1113/4/5 are fabricated in a small-geometry,

Figure 38 shows a circuit for a low-side shunt-type
current monitor. The circuit monitors the voltage
across a shunt resistor, which is sized as small as
possible while giving a measurable output voltage.
This voltage is amplified by an OPA335 low-drift op
amp, and the result is read by the ADS1114/5.

It is suggested that the ADS1114/5 be operated at a
gain of 8. The gain of the OPA335 can then be set
lower. For a gain of 16, the op amp should be set up
to give a maximum output voltage no greater than
0.256V. If the shunt resistor is sized to provide a
maximum voltage drop of S0mV at full-scale current,
the full-scale input to the ADS1114/5is 0.2V.

20Viosv
}
‘

ADS1114 fc

{1) Pull-down resistor to allow accurate swing
toQV.

{2} Rz Is sized for a 20mV drop at full-scale
current.

Figure 38. Low-Side Current Measurement

low-voltage process. The analeg inputs feature
protection diodes to the supply rails. However, the
current-handling ability of these diodes is limited, and
the ADS1113/4/5 can be permanently damaged by
analog input voltages that remain more than
approximately 300mV beyond the rails for extended
periods. One way to protect against overvoitage is to
place current-limiting resistors on the input lines. The
ADS1113/4/5 analog inputs can withstand momentary
currents as large as 100mA.

If the ADS1113/4/5 are driven by an op amp with
high-voltage supplies, such as *12V, protection
should be provided, even if the op amp is configured
so that it does not output out-of-range voltages. Many
op amps drift to one of the supply rails immediately
when power is applied, usually before the input has
stabilized; this momentary spike can damage the
ADS1113/4/5. This incremental damage results in
slow, long-term failure, which can be disastrous for
permanently installed, low-maintenance systems.

If an op amp or other front-end circuitry is used with
an ADS1113/4/5, performance characteristics must
be taken into account when designing the application.
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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision A (August 2009) to Revision B Page
» Deleted Operafing Temperature bullst from Features saction 1
» Deleted Operafing femperafure range parameter from Absolute Maximum Ratings table 2
» Deleted Operafing femperafure paramater from Temperature section of Electrical Characteristics tabde ... 4
» Changed Figure 2 to reflect maximum operating temperature B
» Changed Figure 3 to reflect maximum operating temperature B
» Changed Figure 4 to reflect maximum operating temperature B
» Changed Figure 5 to reflect maximum operating temperature B
= Changed Figure & to reflect maximum operating temperature 3
= Changed +140°C to +125°C in Figure 8 T
« Changed +140°C to +125°C in Figure 10 7
» Changed +140°C to +125°C in Figure 11 7
» Changed +140°C to +125°C in Figure 12 7
» Changed Figure 13 to reflect maximwm operating temperatune T
» Changed Figure 16 to reflect maximwm operating temperature a
» Changed Figure 20 to reflect maximwm operating temperatune 9
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PACKAGING INFORMATION

Orderable Device Siatys " Package Type Package Pins Package Gty Eco Plan® Lead' MSL Peak l—.“m Samples
Drawing Ball Finish [Requires Login)

ADS1113IDGSA ACTIVE MSOP OGS 10 2300 Green (RoHS CUNIFDAU  Level-2-260C-1 YEAR Add o cart
& o SvBn

ADS11120GST ACTIVE MEOP DGE 10 250 Green [FoHS CUNIPDAU  Level-2-360C-1 YEAR Add o cant
& no SoiEn)

ADS11BRUGR ACTIVE X20FN RUG i 2000 Green [RoHS CU NIFDAU  Level-1-280C-UNLIM A o cart
& no SoEn

ADS1113IRLGT ACTIVE *20FN RUG 10 =30 Green [RoHS CU NIFDAU  Level-1-360C-UNLIM A o cart
& no SoiBrn)

ADS1114IDGSA ACTIVE MSOP DGE 10 2300 Green [AoHS CUNIFDAU Level-2-2380C-1 YEAR Add o cart
& no SbiBry

ADS1114IDGST ACTIVE MSOP OGS 10 230 Green (RoHS CUNIFDAU  Level-2-260G-1 YEAR Add o cart
& na SoEn

ADS1 1 URUGR ACTIVE *20FN RUG 10 2000 Green [FoHS CUNIPDAU  Level-1-260C-UNLIM Add o cant
& o SEn

ADS1118IRLGT aCTive x20FN RUG 10 230 Green (RoHS CuU NPDAU  Level1-200C-UNLIM Add to cant
& no SoiBny

ADS111ZIDGSA ACTIVE MSOP DGS 10 2300 Green [RoHS CUNIFDAU  Level-2-360C-1 YEAR A o cart
& o SvBn)

ADS111MDGST ACTIVE MEOP DGE 10 250 Green [FoHS CUNIPDAU  Level-2-360C-1 YEAR Add o cart
& ro Snibny

ADS11BIRUGHR ACTIVE *2OFN RUG 10 3000 Green (RoHS CU NIFDAL  Level-1-260C-UNLIM Add o cart
2 o Swven)

ADS1113IRLGT ACTIVE *20FN RUG 10 =30 Green [RoHS CU NIFDAU  Level-1-360C-UNLIM A o cart
& no SoiErn)

“ The marketing status values are defined as follows:

ACTIVE: far g

ILIFEBUY': 11 has annaunced that the device will be discontinued, and a llesme-buy period Is in efed.

INRND: Mot recommended for new desigrs. Device is in production io support existing customers, but T1 does not recommend wsing this part In a new design.
PREVIEW: Devvice has been announced bat |s not in production. Samples may ar may not be avaiianie.

OBSOLETE: T has discontinued the production of the device.

® £c0 Flan - The planned eco-riendly ciassiticalion: Po-Free (RaHS), Fo-Free (RaHS Exempt), ar Green (RaHS & no S - please .l Comproc. the latest ry
Inicrmation and acditional product content detalls,
TBD: The Pu-FreeGresn conversian plan has nat been defined.
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[Pb-Free (RoHS): Tr's tarms "Lead-Free” or "Po-Fres” mean semiconducion products Sat are compatible with the currsnt RoHS reguinements for all 8 substances, incduding e requinsmeant hat
iean not exoeed 0.1% by weight i1 homogensous maberials. Wiers designed 10 be soidened at high femperatures, T Pb-Free products are sultable for use in speciiied iead-ree processes.
[Pb-Free (RoHS Exempt): This hasa for either 1) o fhp-chip soider bumps Used between the die and package. or 2) lead-based die adhesive used betwean
fthe die and leadirame. The comgonent Is cihersise considered Po-Free (RoHS compatible) as detined above,

iGreen (RoHS & no 5b/Brj: T detines “Green” 1o mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony {Sb) based flame retardants (Br or Sb do not exceed 0.17% by weight
In hamagensous matsria)

P MEL. Prak Tamp. - The Malsturs Sensilivily Lavel rating according fo e JEDEC Industry standard classilications, and paak soldar lsmparature.,

Important ion and Disclai this p TI ge and bellet &= ol the date that it is provided. T) base: g
pruulcbdhy third parties. and mmsmrmmdhnmmaﬂy:sln he accuracy ol such Efiaris are I betber integrabs 2 from iind parties. T1 has taken and
and ascurats but mary nat have conducted destructive besting or chemical anatysks on incoming maserials and chemicais.

Tland T nppllm consider canain mumam!nnepmpu:‘hry and thus CAS numbers and other limited informalion may nof be avallibie for reease.

In o ewent shall Ti's kabilty arising cut of such information exceed the fatal purchase price of e T1 pari{s] at issue in this document sold by T1 %o Cusiomer on an annual basis.
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{; Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
wara fLoom 17-Dec-2010
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMEMSIONS
F W - KD P
IR
gy W
Foared
Dl
Cavity s Al
Al | Dimension cesigned 1o accommadate the component width
BO | Dimension I'H'l"ulﬂl'ﬂ'll" 1o accommadate the COMponant lﬂl'l;ﬂ'l
Ko | Dimension designed 1o sccommadate the component thickness
s W | Owmrall widih af the carrier iape
4 P4 | Pitch babwesdn successive cavily canars
- .
— Reaed Wi (W)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
e c O Sprocket Holes
¥ 1 P =
Q1! Qz oz ﬁ
03 1 04 Q3 1 o4 User Dirsction of Feed
E_ L
. | -
Pragkal ;\]I.J-ﬂﬂrﬁl'llﬁ
"All dimensions are nominal
Device Package|Package| Fins| SPQ | _Reel | Reel | AD KD W Pind
Type |Drawing Diai Width | (mm} | (mm] | (mm] | {mm} | {mm]) |Ouadrant
{mm] Wi {mmi}
ADS1113IDGSR MS0P oGS 1p | 2m0n 330.0 12.4 5.3 33 1.3 g | 1z0 o1
ADS1113DGEET S0P oGS i 250 1B0.0 124 5.3 3.3 i3 B.O 120 Lo ]l
ADS111IALGR *20FH | ALG 1 | 3oon 1780 B4 178 | 225 Joas | 40 | 80 o1
ADS111BRUGT *20FH | AUG (1] 250 1780 B4 178 | 225 Joas | 40 | 80 o1
ADS1114IDGSR MS0P oGS 1p | 2m0n 330.0 12.4 5.3 33 1.3 g | 1z0 o1
ADS1 114DGEST MS0P ] 0] 280 1BO0.0 124 5.3 33 13 g | 1za0 o1
ADS1114IALGR *20FH | ALG 1 | 3oon 1780 B4 178 | 225 Joas | 40 | 80 o1
ADS1 11 4RUGT *20FH | AUG (1] 250 1780 B4 178 | 225 Joas | 40 | 80 o1
ADS11 1MDGSR MS0P oGS 1p | 2m0n 330.0 12.4 5.3 33 1.3 g | 1z0 o1
ADS1 11 HDGEST MS0P ] 0] 280 1BO0.0 124 5.3 33 13 g | 1za0 o1
ADS111MALGR *20FH | ALG 1 | 3oon 1780 B4 178 | 225 Joas | 40 | 80 o1
ADS111HAUGT %20FH | AUG 0] 280 170 B4 178 | 225 Joos | 40 | 80 o1
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TAFE AND REEL BOX DIMENSIONS

¥
H
"
- -
" =
"All dimensions are nominal
Dewice Package Type |Package Drawing| Pins 5PQ | Length (mm) | Width {mm) | Heighi {mm)
ADS1113DG5R MSOF DES 10 2300 aT0.0 335.0 5.0
ADS1113IDGST MSOF DES 10 250 183.0 200.0 45.0
ADS11139AUGHA w2OFM RUG 10 3000 203.0 203.0 350
ADS111JIRUGET w2OFM RUG 10 250 203.0 203.0 350
ADS1114IDG5R MSOF DES 10 2300 aT0.0 335.0 5.0
ADS1114IDGST MSOF DES 10 250 183.0 200.0 45.0
ADS1114IAUGH w2OFM RUG 10 3000 203.0 203.0 350
ADS1114IRUGET w2OFM RUG 10 250 203.0 203.0 350
ADS1113DGE5R MSOF DES 10 2300 aT0.0 335.0 5.0
ADS1119IDGST MSOF DES 10 250 183.0 200.0 45.0
ADS111HWAUGA w2OFM RUG 10 3000 203.0 203.0 350
ADS111SIRUGET w2OFM RUG 10 250 203.0 203.0 350
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4073272,/C 02,04

Al linpar dimensions ore in millimeters,

This drowing & subjecl lo changs without nefice

Bady dimensions do nol include moeld Nosh or prolnsion,
Fols wilhin JEDQEC MO-187 worinkion B4,
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MECHANICAL DATA

RUG (R—PQFP—N10)

PLASTIC QUAD FLATPACK

L%
1,95
[E]
P [ 5
I
1.55
w i R
Fin 1 Index Argm l
1 ‘T 4
049 _
0,34
-
T . '
EEEIE 04
000
Santing Flane Seating Height
0,50
cal e
' 5, ? Y 0.30
IRHHERHI
i 1

Fin 1 ldentilier

=

0,10 ¥ 457 .
| 035
nn

LT T e
D45
M ‘“‘_
0,75 '||:|5:
L EHENE
- [ 005 @]

Battom View

4I085IE-3/E 04,2008

ROTES:

Sn@mx

AN lingar dimensions are in millimelers,  Dimengioning ond tolerancing per ASME v14.50-1594,
This drowing & sunject to change withou? notice

OFN (Quod Flalpack Mo-Lead) pockage conliguralion

Thiz pockoge complies to JEOEC MO-288 worlation X2EFD,
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LAND PATTERN

RUG (R—POFP—N10)

Example Board Loyout

Exomple Siencil Design
[Mote E}

+ FE- 1 *

150

B

L

EIJJ.'IE- Solter W Deoronce for gl pode

i' . 1!
l‘~\ ﬁ-@[m /

4 -

———

ote D 250
U “_‘||_1|_| U_I End Lae N [}]'& om0
Ay
185 070 - DD £ 1580 175 S

P B

0,30 T Ead Lends

[nonp=-—-

D25 2% Al Side Lot —l| |-—

A 0EE-3 4 060

HOTES: A Al linedr dimensions ane in millimelers,

B, This drowing & subject to change without nctice

C. Publicotion IPC-7350 is recommended for oltenate designs.

0. Custormars should contoct bheir boord fotwicotion site for minimum solder mosk web toserances bedween signol pads

E. MWoximum stencl thickness 0027 men {5 mils). All Enear dimensions are in milimelers.

F. Loser cutting operbores with Iropezcidol wolls ond oiso rounding corners wil offer betber posle reegse.  Cusfomers should
contacd thelr boord assemly site for stencil deskgn recommendations, Refer bo IPC 7525 Tor stencl design conskderations,

G

Sida aperlure dimensions ower=print lond for occaptotés area rotio > 066 Customar may reduce sde operture dmensions

i stencl manufocturing process diows for sufficen? rdegse ot smaller opening.
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IMPORTANT NOTICE

Texas Ins¥uments Incorporated and |is subsidiaries (T1) reserve the right 1o make comections, modiications, enhancements, IMprovements,
and other changss fo s products and services at any lime and bo disconSinue any product or senvice without notice. Customers should
abtain the latest relevant information before placing orders and shauld verify that such information is currsnt and compiete. All products ars
sald subject o TI's terms and conditions of sale suppiied at the ime of arder acknowledgment.

Tl warrants pariormance af its hardware products 1o the specilicalions applicabie 2t the fime of sale In accondance with T1's standard
wamanty. Tesing and other quality control iechniques are used fo the extent TI deems noc,mrpnm.ppmuu: warranty. Except where
mandaled by govemment requiremeants, besting of all paramelers of aach product is not necessarily

Tl assumas no Eability for applicabions assistance or cusiomer product design. Cuslomers are responsibie for their products and
appiications using TI components. To minimize the rsks associaled with customer products and applicaions. cusiome—s should provide
adequabe design and operaling safeguards.

Tl does not wastant or represent that any liosnss, sither express or implied. |s granted under any T1 pabent right, copyright, mask wark right,
ar other T intslisctual prapsriy right relating 1o any combinabion, machine, or process in which Tl products or senvices are used. Information
pubiished by TI regarding third-party products or servioss does not constiiuts a licenss from T1 10 use such products o servioss or a
wamanty ar endarsemant thereal. Uiss of such information may require a license fram a third party under the patents or ather intslisctual
property of the third party, or a license from Tl under the patents or ofher inbsliectual propesty of TI.

Asproduction of T infarmation In T data boocks or data sheets |s permissible only If reproduciion |s without alleration and s accompanisd
by all assoclaled wasranties, conditions, ImRabions, and noSioss. Reproduction of this Information with alberation 1s an unfalr and decepihe
business practice. T ks nol responsiie or llabis for such alered documentation. inlormation af third parties may be subject o additional
restrictions.

A=sale of Tl products or sernvices with statsments difearen rom or beyond the parameders stxled by Tl for il product or servios wolds all
express and any Implied wamantes lor the assoclated T1 product or service and is an unlair and deceplive business practice. Ti is nat
responsibie or llable for any such stalaments.

Tl products are nol authorized for use In sadety-cri%ical applicalions [such as ife suUPpor) where a failure of the T1 product would reasonably
be expected o cause severs persanal injury or death, uniess officers of Te parties have exscuted an agreement specilically gaverning
such use. Buyers represent thal they have all necessary expertise in the safety and regulalory ramifications of their applicabions. and
acknowisdge and agres that they are solely responsibie for all legal, regulatory and salsty-related reguirements concerning Teir products.
and any use of T| products in such salety-critical applcations, nobwithstandng any applications-retaled imormation or support that may be
pravided by TI. Further, Buyers musl fully Indemnify TI and iis representatives against any damagss arising out of the use of T| products. In
such safsty-critical applicabions.

Tl products are neliher designed nor inlended lor use in milkary/serospace applications or environments unless the Tl products ane
specifically designated by Tl as miltary-grade or “enhanced piastic.” Only products designated by T1 as milllary-grade meet milliany
specifications. Buyers acknowiedge and agree that any such use of T1 products which T has nol designated as milllary-grade Is soiely at
fhe Baryer’s risk. and thal Tey are solely responsible for compliance with all legal and reguialory requirements in connecion wilth such use.

Tl products are neither designed nor intendsd for use in auk o NS Or envire uniess the specific Tl products ans

designated by Tl as compliant with IS0/TS 16545 req Baryers ackne and agree that, If hey uss any non-designated
praducts in automative applications, T wil not be mmwmmmmmm

Faoliowing are LFALs whane you can obitain information on other Texas instruments products and application solufions:

Products Applications
Audia . . comsaudia Communications and Telscom  www.Hl.oomicommunicabions,
Amplifiars ampifier.i.com Computers and Peripherals www. i .comicomputers
Data Corverters dataconverier. foom Consumer Electronics www. ll.Comiconsumer-apps
DLPE Products www.dlp.oom Energy and Lighting www. i .comienengy
DSP dsp.fi.oom Industrial www. H.comiAndusinal
Clocks and Timers: . . comscliockos Medical www. i .comimedical
Interiace Imeriace.bLoom Securty www. i .comissourity
Logia logic. . com Space, Avicnios and Delense  www.ll.com/space-avionics-delense
Power Mgmit m.ﬂ.ﬁﬂﬂ'l Transportalion and Aulomotiee  www. il .comautomative
Microconirollers microcontrallar.i.com Wideo and Imaging www. .comAvideo
RFID} vy t-rfid.com
OMAF Mobile Processors — www.H.comiomap
‘Wireless Connciivity wwnw. H. comAwirelessconnectivity
Tl E2ZE Community Home Page e2e.H.oom

Mailing Address: Texas Instruments, Post Office Bax 633303, Dallas, Texas 7E205
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Datasheet Raspberry Pi 3 Model B

elementiu Sy elementiu
rv-pi r 1
" Raspberry Pi 3 Raspberry Pi 2 Model B+ Model A+ Model A CMDK
Model B Meodel B
Processor Chipset | Broadcom BCM2837 | Broadcom BCM2836 | Broadcom Broadcom Broadcom Broadcom
B4Bit ARMvT Quad 32bit ARMWT Quad BCM2835 32bit BCM2835 32bit BCMZ2E35 32bit BCM2835 32bit
Core Processor Core Processor ARMvE SoC full ARMvE SoC full ARMVE SoC full ARMvE SoC full
powered Single powered Single HD multimedia HD multimedia HD multimedia HD multimedia
Board Computer Board Computer applications applications applications applications
running at 1250MHz | running at 900MHz processor processor processor processor
GPU Videocare IV Videocore IV Videocore IV Videocaore IV Videocare IV Videocore IV
Processor Speed | QUAD Core @1250 QUAD Core @300 Single Core @700 | Single Core @700 | Single Core @700 | Single Core
MHz MHz MHz MHz MHz @700 MHz
RAM 1GB SDRAM @ 400 1GB SDRAM @ 400 512 MB SDRAM 256 MB SDRAM 256 MB SDRAM 512 MB SDRAM
MHz MHz (@ 400 MHz (@ 400 MHz @ 400 MHz (@ 400 MHz
Storage MicroSD Micro5D MicrosD MicroSD SDCard 4GB eMMC
USB 2.0 4x USB Ports 4y USB Ports 4x USE Ports 1x USB Port 1x USB Port 1x USB Port
Power Draw / 25A @ 5V 1.8A @5V 1.BA @5V 1BA @ 5V 1.2A @5V 1.8A @ 5V
voltage
GPIO 40 pin 40 pin 40 pin 40 pin 26 pin 120 pin
Ethernet Port Yes Yes Yes No No No
Wi-Fi Built in No No No No Mo
Bluetooth LE Built in No No No No No
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RASPBERRY Pl 3 MODEL B

Product Name: RASPBERRYPI3-MODB-1GB



clement . elementiu

http/fuk farnell.com/buy-raspbe i http:/fwww newark.comy/buy-raspberry-pi

Technical Specification:

Processor
« Broadcom BCM23B7 chipset.

+ 1.2GHz Quad-Core ARM Cortex-A53 (64Bit)
802.11 b/g/n Wireless LAN and Bluetooth 4.1 (Bluetooth Classic and LE)
« IEEE802.11b /g /nWi-Fi. Protocol: WEP, WPA WPAZ, algorithms AES-CCMP (maximum key
length of 256 bits), the maximum range of 100 meters.
« [EEE 802.15 Bluetooth, symmetric encryption algorithm Advanced Encryption Standard (AES)
with 128-bit key, the maximum range of 50 meters.
GPU
« Dual Core Video Core IVE Multimedia Co-Processor. Provides Open GL ES 2.0, hardware-accelerated
Open VG, and 1080p30 H.264 high-profile decode.

« Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture filtering and DMA infrastructure

Memory
+« 1GB LPDDR2

Operating System
« Boots from Micro SD card, running a version of the Linux operating system or Windows 10 [oT

Dimensions
« B5x56x17mm

Power
« Micro USB socket 5V1, 254

Connectors:
Ethernet
« 10/100 BaseT Ethernet socket

Video Output
+ HDMI (rev 1.3 & 1.4)

« Composite RCA [PAL and NTSC)

Audio Output
« Audio Output 3.5mm jack

« HDMI
« USE 4 xUSB 2.0 Connector

GPIO Connector
» 40-pin 2.54 mm (100 mil) expansion header: 2x20 strip

« Providing 27 GP10 pins as well as +3.3 V, +5 V and GND supply lines
Camera Connector

» 15-pin MIPI Camera Serial Interface (CS1-2)
Display Connector

« Display Serial Interface [DSI]) 15 way flat flex cable connector with two data lanes and a clock lane
Memory Card Slot

« Push/pull Micro SDIO
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The GPU provides Open GL ES 2.0, hardware-accelerated Open VG, and 1080p30 H.264
high-profile decode and is capable of 1Gpixel/s, 1.5Gtexel/s or 24 GFLOPs of general purpose
compute. What's that all mean? It means that if you plug the Raspberry Pi 3 into your HDTV,
you could watch BluRay quality video, using H.264 at 40MBits/s

The biggest change that has been enacted with the Raspberry Pi 3 is an upgrade to a
next generation main processor and improved connectivity with Bluetooth Low Energy (BLE)
and BCM43143 Wi-Fi on board. Additionally, the Raspberry Pi 3 has improved power
management, with an upgraded switched power source up to 2.5 Amps, to support more
powerful external USB devices.

2 A BB EERARS S EREEEEEEREEEN
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The Raspberry Pi 3's four built-in USB ports provide enough connectivity for a mouse,
keyboard, or anything else that you feel the RPi needs, but if you want to add even more you
can still use a USB hub. Keep in mind, it is recommended that you use a powered hub so as not
to overtax the on-board voltage regulator. Powering the Raspberry Pi 3 is easy, just plug any
USB power supply into the micro-USB port. There’s no power button so the Pi will begin to
boot as soon as power is applied, to turn it off simply remove power. The four built-in USB
ports can even output up to 1.2A enabling you to connect more power hungry USB devices
(This does require a 2Amp micro USB Power Supply)

On top of all that, the low-level peripherals on the Pi make it great for hardware
hacking. The 0.1" spaced 40-pin GPIO header on the Pi gives you access to 27 GPIO,
UART, I2C, SPI as well as 3.3 and 5V sources. Each pin on the GPIO header is identical
to its predecessor the Model B+.



SoC

Built specifically for the new Pi 3, the Broadcom BCM2837 system-on-chip (SoC) includes
four high-performance ARM Cortex-A53 processing cores running at 1.2GHz with 32kB
Level 1 and 512kB Level 2 cache memory, a VideoCore IV graphics processor, and is linked
to a IGB LPDDR2 memory module on the rear of the board.

GPIO

The Raspberry Pi 3 features the same 40-pin general-purpose input-output (GPIO) header as
all the Pis going back to the Model B+ and Model A+. Any existing GPIO hardware will work
without modification; the only change is a switch to which UART is exposed on the GPIO’s
pins, but that’s handled internally by the operating system.

Fomsiery 913 GPO wmoer

USB chip

The Raspberry Pi 3 shares the same SMSC LAN9514 chip as its predecessor, the Raspberry Pi
2, adding 10/100 Ethernet connectivity and four USB channels to the board. As before, the
SMSC chip connects to the SoC via a single USB channel, acting as a USB-to-Ethernet adaptor
and USB hub.

Antenna

There's no need to connect an external antenna to the Raspberry Pi 3. Its radios are
connected to this chip antenna soldered directly to the board, in order to keep the size of
the device to a minimum. Despite its diminutive stature, this antenna should be more than
capable of picking up wireless LAN and Bluetooth signals — even through walls.
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Key Improvements from Pi 2 Model B to Pi 3 Model B:

Next Generation QUAD Core Broadcom BCM2837 64bit ARMv7 processor

Processor speed has increased from 900MHz on Pi 2 to 1.25Ghz on the RPi 3 Model B

BCM43143 Wi-Fi on board

Bluetooth Low Energy (BLE) on board

Upgraded switched power source up to 2.5 Amps (can now power even more powerful devices over
USB ports)

The main differences are the quad core 64-bit CPU and on-board Wi-Fi and Bluetooth. The RAM remains 1GB
and there is no change to the USB or Ethernet ports. However, the upgraded power management should
mean the Pi 3 can make use of more power hungry USB devices

For Raspberry Pi 3, Broadcom have supported us with a new SoC, BCM2837. This retains the same basic
architecture as its predecessors BCM2835 and BCM2836, so all those projects and tutorials which rely on the
precise details of the Raspberry Pi hardware will continue to work. The 900MHz 32-bit quad-core ARM Cortex-
A7 CPU complex has been replaced by a custom-hardened 1.2GHz 64-bit quad-core ARM Cortex-A53

In terms of size it is identical to the B+ and Pi 2. All the connectors and mounting holes are in the same place
so all existing add-ons, HATs and cases should fit just fine although the power and activity LEDs have moved to
make room for the WiFi antenna.

The performance of the Pi 3 is roughly 50-60% faster than the Pi 2 which means it is ten times faster than the
original Pi.

All of the connectors are in the same place and have the same functionality, and the board can still be run
from a 5V micro-USB power adapter. This time round, we're recommending a 2.5A adapter if you want to
connect power-hungry USB devices to the Raspberry Pi.

Raspberry P13 Model B Raspberry Pi 2 Model B
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