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Resumen

En el presente trabajo se presenta el disefio y la construccion del sistema electronico de un
molino que permite la obtencién de harinas que se utilizan para la produccién de los
suplementos alimenticios de origen vegetal que se llevan a cabo en el Laboratorio de Ingenieria
de Proceso del Instituto de Ciencias Aplicadas y Tecnologia de la UNAM. El sistema cuenta con
dos procesos principales: molienda y tamizado, que pueden ser operados de manera
independiente o simultanea y con los que se obtienen harinas con un tamafio de particula
menor a 420 micras. La electronica de operacion que establece la comunicacion entre el
usuario y el equipo se disend por medio de una pantalla resistiva de 4 hilos tactil de 2.8” en la
que se muestra un menu para la seleccion de los procesos. Se utilizé un microcontrolador
ATmega328P para el disefio de la interfaz y el control de los elementos electrénicos del equipo,
interpretando las sefiales que son recibidas por la pantalla tactil a través del menu de seleccion.
La motivacion del desarrollo de este proyecto es garantizar que el material utilizado para la
produccién de las formulaciones nutrimentales de los suplementos alimenticios cumpla con un
tamafio de particula homogéneo, ademas de asegurar el correcto tratamiento previo a los

cereales y leguminosas.
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INTRODUCCION

Los suplementos alimenticios de origen natural que se desarrollan en el grupo de Ingenieria de
Proceso del Instituto de Ciencias Aplicadas y Tecnologia (ICAT, de la UNAM) estan destinados
para los pacientes con sindrome de malabsorcion con la finalidad de que adquieran los
nutrientes necesarios para su salud. Para la producciéon de los suplementos alimenticios se
utilizan harinas de distintos cereales y leguminosas con un tamafo de particula controlado para
la elaboracion de las formulaciones nutrimentales especificas. Con la finalidad de obtener las
harinas para las formulaciones, es necesario disponer de un sistema que realice los procesos

de molienda y de tamizado de los granos asegurando un tamafio de particula homogéneo.

Durante el proceso de molienda se produce la trituracion de los granos de cereales y
leguminosas por medio de dos discos dentados de acero inoxidable. Una vez que el material de
trabajo es molido, se deposita en un arreglo de tamices vibratorios de diferente abertura para
discriminar el material granuloso de mayor tamafio, entregando al final del proceso la harina con
tamafio de particula homogéneo. Dentro de los equipos que existen a nivel comercial e
industrial no se han encontrado sistemas que cumplan con los procesos de molienda y
tamizado en la misma configuracion, por lo que el prototipo desarrollado en el ICAT puede
competir con las configuraciones existentes ofreciendo la operacion de los procesos de manera
automatica e independiente segun las necesidades del usuario produciendo las harinas que se
utilizan para la elaboracion de los suplementos alimenticios. Cabe mencionar que existe un
trabajo previo presentado y una publicacion como extenso en el congreso de instrumentacion
organizado por la SOMI en 2017 (Santana, Bazan y Cérdova 2017) donde se present6 un
prototipo de prueba explicando los principales elementos asi como su funcionamiento y los
resultados que se obtuvieron. Dicho trabajo sirvié como base para el desarrollo final del equipo

presentado a lo largo del presente informe.



1. Variables de interés

Las variables de interés que se consideraron para el desarrollo del prototipo fueron: el tamafio
de particula de las harinas y el tiempo de produccion de las harinas, ambas se muestran en la
tabla 1.

Tabla 1. Variables de interés

Variable Valor
Tamafio de particula 420 micras
Tiempo de produccion 10 a 15 minutos

El tiempo de produccién varia segun el material de trabajo que se ingresa en el sistema.

2. Diagrama de bloques del prototipo

En la figura 1 se muestra el diagrama de los elementos que conforman al prototipo (Apéndice
A). El control de los tiempos de operacion del molino y de los tamices se programé en un
microcontrolador ATmega328P (Massimo y Michael 2014, pp. 53-70) y recibe las sefales
provenientes de la interfaz de usuario en el menl de seleccion por parte del operador,

realizando los procesos de manera manual o automética.

Interfaz de usuario Circuito de control Motores

Controlador

) i o \ 4 | ‘
o2 |4 ) T Resistencias 3.3 k \ . Prototipo
R b [T
Pantalla tactil B o M5y [T )
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\
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Figura 1. Diagrama de bloques de los elementos que conforman al prototipo.



2.1 Bloque de interfaz de usuario

En la figura 1 se pueden apreciar los elementos que se utilizaron para el desarrollo de la
interfaz de usuario donde se seleccionan los procesos que se requieren segun el material
ingresado. En la figura 2 se muestran las diferentes etapas de la interfaz, el mena principal
contiene dos opciones: el boton “info” donde se brinda un pequefio manual de operacion vy el
botdn “Procesar” el cual contiene las opciones del material que el prototipo puede procesar de
manera automatica, asi como dos opciones con los nombres “Moler” y “Tamizar’ mediante el

cual se pueden realizar los procesos de manera manual a través de un control on/off.
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Proceso r —] o
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automatico . g
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ON/OFF

Proceso
manual

<= Volver

Figura 2. Elementos de la interfaz de usuario.

2.1.1 Pantalla tactil

Se utilizd una pantalla resistiva de 4 hilos tactil de 2.8” que es compatible con la tarjeta
ARDUINO UNO (TFT Touch Shield, 2004). El transistor de pelicula delgada (TFT por sus siglas
en inglés) se basa en el controlador ST7781R con datos de 8 bits e interfaz de control de 4 bits.

Cuenta con una resolucion de 240 x 320 pixeles y 262,000 colores, con luz de fondo LED.



2.1.2 Tarjeta ARDUINO UNO

La tarjeta ARDUINO UNO se puede programar mediante una conexion USB a una
computadora, cuenta con 14 pines digitales de entrada/salida (6 pueden ser usadas como
salidas PWM), 6 analdgicas, un cristal de cuarzo de 16 MHz, un boton de reinicio y un conector
de alimentacién. La tarjeta se utiliz6 para el desarrollo de la interfaz aprovechando la
compatibilidad de la pantalla tactil, ademés de establecer la programacion del microcontrolador
ATmega328P. (Apéndice D).

2.1.2 Push button

Se utiliz6 un push button normalmente abierto como boton de emergencia. Al ser presionado se
detienen los procesos del prototipo en caso de detectar algun tipo de falla durante su operacién,

evitando asi los dafios que se puedan ocasionar en los elementos que lo conforman.
2.2 Bloque de controlador

El microcontrolador ATmega328P (Garcia 2018, pp. 1-190) interpreta las sefiales que recibe a
través del menu de seleccion en la pantalla TFT activando los actuadores durante el tiempo
preestablecido en la programacion en el modo automaético o en el modo manual. La tension de
funcionamiento del microcontrolador es de 5-12 VDC y cuenta con salidas de voltaje de 3.3y 5
VDC con corriente maxima de 50 mA.

2.3 Bloque de alimentacion 1

La alimentacién del sistema electrénico de baja potencia (microcontrolador, pantalla, motor de
los tamices y ventilador de refrigeracion) es suministrada por un regulador de voltaje, el cual
restringe el voltaje proveniente de una fuente de alimentacion de 12 VDC a 5 VDC, asegurando

la correcta tension de operacion de los elementos electronicos de baja potencia.
2.4 Bloque de alimentacion 2

La alimentacion del sistema electrénico de alta potencia es suministrada del tomacorriente AC a

127 V tomada directamente de la linea de suministro doméstico y energiza al controlador de



velocidades que brinda una tension de operacion en DC en el motor del molino de 42 V a 71.3
V y un consumo de corriente de 1.13 A hasta 1.62 A.

2.5 Bloque de circuito de control

El circuito de control mostrado en la figura 3 (Apéndice B) esta diseflado para establecer la
comunicacion entre las sefiales provenientes del microcontrolador, ademas de aislar los
elementos electronicos de baja potencia para evitar algun dafio provocado por los elementos
electronicos de alta potencia. Consta de tres entradas; Alimentacion 1, para los elementos
electrénicos de baja potencia. Alimentacion 2, que brinda la energia y establece la potencia del
motor del molino. Sefiales enviadas desde la pantalla a través del microcontrolador, para la
activacion y desactivacion de los motores. En el Apéndice C se presenta la informacién técnica

de los elementos electronicos que conforman al prototipo.

Figura 3. Esquema de conexidn del circuito general de control.



2.5.1 Relevador SRD-05VDC-SL-C

Opera como interruptor en la alimentacién de los motores y protege la electrénica de baja
potencia. En la figura 4 se puede apreciar la conexion con un diodo 1N4001 de proteccion. Es
activado por las sefiales que se envian desde el microcontrolador. Cada relevador cuenta con 5
pines de conexién, una bobina activada a 5 V y un rango de 10 A/250-110 VDC en el contacto
normalmente abierto, mientras que en el contacto normalmente cerrado tiene un rango de 10

A/30 VDC. Su expectativa de vida es de hasta 100,000 accionamientos.

JOTORES

1N4001

Figura 4. Relevador SRD-05VDC-SL-C

2.5.2 Transistor BC547

Se utilizé el transistor BC547 para la activaciéon de los relevadores. Es polarizado gracias a la
sefal que recibe desde el microcontrolador, permitiendo el paso de la corriente necesaria para
la energizacion de la bobina de los relevadores que activan la alimentacién de los motores del

sistema. Véase la figura 5.

PANTALLA
1

o1 R1 Q1
o= BC547
o 3.3k

1k

Figura 5. Accionamiento del relevador con el BC547.

2.6 Bloque de motores

Los procesos de molienda y de tamizado cuentan con un motor que permite realizar la
trituracion de los granos y la discriminacién de particulas respectivamente. Los motores son

accionados por el circuito de control y dependen de las funciones seleccionadas por el usuario
9



en el mend de la pantalla tactil. Dentro de la configuracién del prototipo se cuenta con un
ventilador de enfriamiento para el motor del molino, que ayuda a disipar el calor que se genera
por el trabajo y ayuda a retrasar el sobrecalentamiento.

2.6.1 Motor 1

El motor DC se utiliza para el sistema de molienda, su alimentacion es de 40 VDC a 75 VDC y
tiene un consumo de corriente méxima de 1.8 A. Cuenta con una flecha de 6 mm de diametro y
23 mm de largo que se encuentra conectada en la cAmara de molienda donde se produce la

trituracion del material.
2.6.2 Motor 2

El sistema de tamizado cuenta con un motor con masa excéntrica que produce las vibraciones
en los tamices para realizar la separacion de los materiales granulosos no deseados. El
didmetro de la flecha es de 2 mm y en su extremo se encuentra una masa de 3 g. Se alimenta a

12 VDC y consume 250 mA de corriente.
2.6.3 Ventilador de enfriamiento

El ventilador de enfriamiento se alimenta a 12 VDC, se encuentra posicionado cerca del motor

del molino y previene el sobrecalentamiento del motor prolongando su tiempo de operacion.
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3. Pruebas y resultados

El prototipo se caracterizé realizando pruebas con avena, frijol, lenteja, garbanzo y haba. Cada
material fue evaluado para conocer las limitantes de los elementos que conforman al prototipo y
a partir de las mismas se definieron los tiempos de operacién para realizar los procesos de
molienda y tamizado de manera automatica. En la tabla 2 se presentan las caracteristicas de

operacion definidas para el correcto funcionamiento del prototipo.

Tabla 2. Caracteristicas de operacidn del equipo

Avena Lenteja Frijol Garbanzo Haba
Requiere tratamiento previo No Si Si Si Si

Tamafio de ingreso (max.) 10x7x2 6Xx6x2 12x6x6 8x7x8 10x6x4
Requiere tamizado No Si Si Si Si
Ajuste de muelas (vueltas) 5% 5% 5% 5% 5%
# Nivel en driver 60 60 70 70 70
Presenta sobrecalentamiento Si Si Si Si Si

de motor en molienda
Tiempo de operacion (minutos) 12.5 10 8.5 7.5 7.5
por cada 180gr

Presenta atascamiento por Si Si Si Si Si

tamafio mayor al de ingreso

3.1 Procesamiento de avena

La avena es el Unico material de trabajo que no requiere un tratamiento previo, puede ser
procesado por el molino en crudo. El sistema tarda 12.5 minutos por cada 180 g de material
introducido. Ademas, no se requiere el sistema de tamizado ya que a la salida del molino el
tamafio de particula es menor al permisible por los tamices, por lo que se obtiene la harina de
avena directamente del proceso de molienda. En la figura 6 se muestra el grano de avena antes

y después de ser procesado.

Figura 6. Avena antes y después de ser procesada.

11



3.2 Procesamiento de lenteja

La lenteja debe ser cocida y secada previamente para ser ingresada al molino, esto con la
finalidad de que cumpla con ciertas propiedades nutrimentales para las formulaciones indicadas
por el usuario. El sistema tarda 10 minutos por cada 180 g de material introducido y se requiere
del proceso de tamizado. En la figura 7 se muestra el grano de lenteja antes y después de ser
procesado.

Figura 7. Lenteja antes y después de ser procesada.

3.3 Procesamiento de frijol

El frijol debe ser cocido y secado previamente para ser ingresado al molino, esto con la finalidad
de que cumpla con ciertas propiedades nutrimentales para las formulaciones indicadas por el
usuario, ademas de reducir la dureza del grano provocando mejores resultados durante el
proceso de molienda. El sistema tarda 8.5 minutos por cada 180 g de material introducido y se
requiere del proceso de tamizado. En la figura 8 se muestra el grano de frijol antes y después

de ser procesado.

Figura 8. Frijol antes y después de ser procesado.
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3.4 Procesamiento de garbanzo

El garbanzo debe ser cocido, secado y fracturado previamente para ser ingresado al molino,
esto con la finalidad de que cumpla con ciertas propiedades nutrimentales para las
formulaciones indicadas por el usuario, reduciendo la dureza de los granos ademdas de
minimizar el tamafo para el ingreso del material asegurando mejores resultados durante el
proceso de molienda. El sistema tarda 7.5 minutos por cada 180 g de material introducido y se
requiere del proceso de tamizado. En la figura 9 se muestra el grano de garbanzo antes y

después de ser procesado.

Figura 9. Garbanzo antes y después de ser procesado.

3.5 Procesamiento de haba

El haba debe ser cocida, secada y fracturada previamente para ser ingresada al molino, esto
con la finalidad de que cumpla con ciertas propiedades nutrimentales para las formulaciones
indicadas por el usuario, reduciendo la dureza de los granos ademéas de minimizar el tamafio
para el ingreso del material asegurando mejores resultados durante el proceso de molienda. El
sistema tarda 7.5 minutos por cada 180 g de material introducido y se requiere del proceso de

tamizado. En la figura 10 se muestra el grano de haba antes y después de ser procesado.

Figura 10. Haba antes y después de ser procesada.

13



3.6 Harina resultante

En la tabla 3 se muestran los porcentajes obtenidos de harina en el sistema de tamizado por
cada 50 g de masa depositado en el sistema. Como se ha mencionado a lo largo del presente,
la avena no requiere del proceso de tamizado al ser el Unico material que cumple con las
caracteristicas del tamafio de particula para las formulaciones después de ser procesada por el

molino.

Tabla 3. Porcentaje de harina obtenido con el sistema de tamizado.

50 37 13 74
50 40 10 80
50 40 10 80
50 43 7 86

Conclusiones

De acuerdo a las pruebas realizadas con los diferentes materiales se logré6 demostrar que el
prototipo es capaz de producir hasta 750 g de harina de avena, lenteja, frijol, garbanzo y haba
con un tamafio de particula menor a 420 micras, procesando granos con un tamafio maximo de
12 mm de largo por 7 mm de ancho y 8 mm de grosor. Granos de mayor tamafio permiten el
atascamiento y fallas en los elementos que conforman al prototipo. El equipo opera Unicamente
material en seco y se recomienda dar un descanso de 10 minutos entre cada operacion para
permitir el enfriamiento del motor del molino. El desarrollo de este proyecto brinda la ventaja de
contar con un equipo propio que no existe en el mercado o la industria con tecnologia propia y
que en un futuro puede abrir el camino hacia la fabricacion de equipos nuevos para la
produccion de harinas. Otra de las ventajas del prototipo es que se cuenta con las opciones de
operacion automatica e independiente para el procesamiento de los materiales, facilitando la
realizacion de pruebas con cereales y leguminosas distintos a los trabajados. Como siguiente
paso se propone buscar distintas alternativas para corregir los problemas mencionados asi

como la implementacién de elementos que beneficien el rendimiento del prototipo.
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Apéndice A

LISTA DE COMPONENTES

Cantidad Componente Caracteristicas
1 Interruptor general 127V /10 A
2 Diodo rectificador 1N4001
2 Relevador en estado sélido SRD-05VDC-SL-C
2 Transistor BC547
2 Resistencia 3.3 KOHMS
2 Resistencia 1 K OHM
1 Regulador de voltaje 7805
1 Capacitor electrolitico 100uF/ 25V
4 Conector Hembra Molex vertical 3 pines
4 Conector Macho Molex vertical 3 pines
2 Conector Hembra Molex vertical 2 pines
2 Conector Macho Molex vertical 2 pines
1 Microcontrolador ATmega328P

15




Tarjeta de control

ARDUINO UNO

Pantalla tactil

TFT 2.8” V1.0 Seeed Studio

Motor DC

120V /60 Hz

Motor DC

12V

Controlador de velocidades

VARI-DRIVE KBWM-120

Ventilador 12 vDC

Adaptador OUTPUT: 9 VDC
Cable Cal. 14 (NEGRO) 10 m
Cable Cal. 14 (ROJO) 10 m
Cable Cal. 14 (AZUL) 10 m

Push button RED

N/A de montaje

Placa fendlica

5cmx10cm

Fijador para PCB

12 mm
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Apéndice B CIRCUITO IMPRESO
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Apéndice C HOJAS DE DATOS

INSTALLATION AND OPERATING INSTRUCTIONS

>
VARI-DRIVE
NEMA1/1P20 SCR Variable Speed DC Motor Controls

Model KBWM-120 rated 1/100 - 1/3 HP (90 Volts DC) @ 115 Volts AC, 50/60 Hz
Model KBWM-240 rated 1/50 - 3/4 HP (180 Volts DC) @ 208/230 Volts AC, 50/60 Hz

mmm&r‘\nmm

VARI-DRIVE™

DC MOTOR
SPEED CONTROL

40 60 an

30 70

L]
20 &0 %
10 2 i
c € o 100 o
(%) SPEED
(W

See Page 2

CnJ Cnld LnJ

N
& See Safety Warning on Page 1

The information contained in this manual is intended to be accurate. However, the manufacturer retains
the right to make changes in design which may not be included herein.

PENTA[<:|POWER"™

A COMPLETE LINE OF MOTOR DRIVES

© 2001 KB Electronics, Inc.
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KBWM-120, 240 SIMPLIFIED OPERATING INSTRUCTIONS

IMPORTANT — You must read these simplified operating instructions before proceeding. These
instructions are o be used as a reference only and are not intended to replace the detailed
instructions provided herein. You must read the Safety Waming before proceeding.

A. Power Connection — Wire AC line to ter-

MODEL NO. & VOLTAGE RATING

minals L1 and L2. Be sure the model num- Ac L
. Model Number ine Yoltage Armature
ber correspends to the correct input voltage. VAC 50/60 Hz | Voltage (VDC)
B. Permanent Magnet (PM) Motor KBWM-120 115 0-90
Connection (Two-Wire Type) — 'ere P rom 080", 180
the motor armature leads to terminals

A{+) and A{-). Be sure the motor volt-
age corresponds to the control voltage rating and model number.

*See “G” below.

Note: Although control is specifically designed for PM motors it can alse be used for
shunt wound motors. {See Section IV D, page. 7.)

C. Ground — Be sure to earth ground the control by attaching a ground wire to the green stud
located between the Bx knockouts.

D. Plug-in Horsepower Resistor®** — The correct Plug-in Horsepower Resistor® must be
installed for optimum performance. {See Section Il A, p. 5.}

E. Armature Fuse** — The correct value armature fuse must be installed for maximum pro-
tection. {See Secticn Il C, p. 5.)

m

Trimpot Settings — Al trimpots have been set according 1o Figure 1, page 3 and Section VI, page 8.

G. Jumper J2 is provided on Medel KBWM-240 cnly and is factory set to “180V” position.
For step-down operation {208/230 Volts AC line input and 0-80 Velts DC cutput), set J2 to
the “90V” position. See Figure 3, on page 6.

**This control will not operate without installing the proper size Plug-in Horsepower Resistor® and armature fuse
— supplied separately.

ii. {4 /) SAFETY WARNING! Please read carefully

This product should be installed and serviced by a qualified technician, electrician, or electrical mainte-
nance person familiar with its operation and the hazards involved. Proper installation, which includes wiring,
mounting in proper enclosure, fusing or other over current protection, and grounding can reduce the chance
of electrical shocks, fires, or explosion in this product or products used with this product, such as electric
motors, switches, coils, solencids, and/or relays. Eye protection must be worn and insulated adjustment
tools must be used when working with control under power. This product is constructed of materials (plas-
tics, metals, carbon, silicon, etc.) which may be a potential hazard., Proper shielding, grounding and filtering
of this preduct can reduce the emission of radio frequency interference (RFI) which may adversely affect
sensitive electronic equipment. |f further information is required on this product, contact the Sales
Department. It is the responsibility of the equipment manufacturer and individual installer to supply this
Safety Warning to the ultimate end user of this product. (SW effective 9/2000).

This control contains electronic Start/Stop circuits that can be used to start and stop the control.
However these circuits are never to be used as safety disconnects since they are not fail-safe. Use only the
AC line for this purpose.

Be sure to follow all instructions carefully. Fire and/or electrocution can result due to improper use of
this product.
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c € This product complies with all CE directives pertinent at the time of manufacture. Contact

RFI filter (KBRF-200A [P/N 9945C] or equivalent) is required. Additional shielded motor cable and/or
AC line cables may be required along with a signal isolator (KBSI-240D [P/N 9431] or equivalent).

factory for detailed installation and Declaration of Conformity. Installation of a CE approved

INTRODUCTION

The KBWM™ Vari-Drive™ adjustable speed SCR control for DC motors offers proven relia-
bility in a rugged all-metal NEMA-1/1P20 enclosure. The Vari-Drives™ are equipped with the
ultimate KBMM™ speed control module. They are specifically designed for fractional horse-
power permanent magnet (PM) DC motors. Twoe models are offered. The KBWM-120 is
designed for 115 VAC input and is rated 1/100-1/3 HP at 90 VDC. The KBWM-240 is
designed for 208/230 VAC input and is rated 1/50 — 3/4 HP @ 180 VDC. Note: Model
KBWM-240 can also be used on 80 VoIt DC motors. See Section IID, on page 6.

KB’s exclusive Plug-in Horsepower Resistor®* automatically presets the drive’s IR Comp. for
maximum performance and CL circuits for safe operation on various motors. Although fac-
tory calibrated, internal trimpots for MIN, MAX, IR, CL, ACCEL and DECEL can be used to
fine-tune the KBWM™ for specific applications. Connections to the control are via a barrier
terminal block. By changing the orientation of the front cover, the wiring can be brought in
either from the bottem or the top of the control.

Moftor failure due to demagnetization is eliminated by the patented ultra-fast Direct-Fed™
current limit circuit. The controls contain AC line and armature* fusing, which provide pro-
tection against catastrophic failure. Auto-Inhibit®, a KB exclusive, allows the drive to be
turned on and off rapidly using the AC line without damage te the control and/or motor. The
internal CL LED is a diagnostic indicator that lights when the motor is overloaded.

Aconveniently located front panel lighted rocker switch controls AC line input power 1o the drive.

*Plug-in Horsepower Resistor® and armature fuse supplied separately.

TABLE 1 — GENERAL PERFORMANCE SPECIFICATIONS

Parameter Specification
Speed Range Ratio 50:1
Armature Feedback Load Regulation (0 - Full Load, 50:1 Speed Range) (% Base Speed) 1%
Line Voltage Regulation at Full Load, + 10% Line Variation (% Base Speed) 172
Control Linearity (% Speed vs, Dial Rotation) 2
CL/Torque Range (% Full Load) 0-200
ACCEL Time Range (0 — Full Speed) (Secs.) 02-10
DEGEL Time Range (Full — 0 Speed) (Secs.) 0.2-10
MIN Speed Trimpot Range (% Full Speed) 0 -30*
MAX Speed Trimpot Range (% Full Speed) 50 —110*
IR Comp. Trimpot Range (at Specified Full Load) (Volts) 0-24
Maximum Allowable Ambient Temperature at Full Rating (°C / °F) 50/122

*Performance is for SCR rated PM motors only. Lower performance can be expected with other motor types. Factory
setting is for 3% load regulation. To obtain superior regulation, see Section VI F on page 10.

2
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TABLE 2 — ELECTRICAL RATINGS

Max. AC Max. DC
Model No. | Part No. (Vlr;;():u_t ;lgllstgg:z) Load Current vﬂaram:‘(l\‘;; c) Load Current Max.HI-'I:or(z%ower
(RMS Amps) 9 (DC Amps) :
KBWM-120 9380 115 5.0 0- 90 3.5 173, (0.25)
5.0 0— 180 3.5 3/4, (0.50)
KBWM-240 9381 208/230
5.0 0-90* 3.5 173, {0.25)
*Note — Step-down Operation: Motor may have reduced brush life. Consult motor manufacturer.
FIGURE 1 — CONTROL LAYOUT
{llustrates Approximate Factory Setting of Trimpots and Jumper)
ARMATURE FUSE

(CUSTOMER INSTALLED)
SEE TABLE 4, PAGE 5

LINE FUSE
(FACTORY INSTALLED)

PLUGHN
L HORSEPOWER RESISTOR
1 ARM LINE (CUSTOMER INSTALLED)
| Fi F2 . SEE TABLE 3, PAGE 5
DECEL L3 D
h=
I Ft+ \
] |
J2

Tl § @ &
o W FD
(B TB1
- T =X = M
n 186 6 6
le

L1 L2 A+ A
P3 : }
I I MIN cL |Q

J2 1S NSTALLED

ON KBWM-240 ONLY
PLUG-IN HORSEPOWER RESISTOR CAUTION: Be
A Plug-in Horsepower Resistor® must be installed to match f;;',i;:ﬁ::
the drive to the motor horsepower and armature current. See Resistor@ is
Table 4, page 5 for the correct value. Plug-in Horsepower :}’:::I‘:‘}'I::'“‘
Resistors® are stocked by your distributor. mating sackets.
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FIGURE 2 — MECHANICAL SPECIFICATIONS (Inches / [mm]}
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CONTROL SETUP
Remove the four {4) 6x32 screws {two on top and two on the bottorn) from the enclosure. Slide
open the control by separating the front and rear covers. See Figure 2, page 4.

A. Plug-in Horsepower Resistor® — (Must be obtained from your distributor as a separate
part.) The Plug-in Horsepower Resistor® is designed to match the contrel and motor with-
cut having to recalibrate the IR Comp. and CL for most applications. {Note: For recali-
bration of IR Comp. and CL see Section VI E, F on pages 8 and 10.) Using the Plug-in
Horsepower Resistor® chart, choose the closest value based on metor horsepower
and/or armature current. {See Table 3.)

TABLE 3 — PLUG-IN HORSEPOWER RESISTOR® CHART

80 VDC | 180 VDC Approx. Plug-in Horsepower Individual
Motor Current Resistor® Value Plug-in Horsepower®

Motor Horsepower Range (DC Amps) (Ohms) Resistor Part No.
1/100 1/50 0.1 1.0 9833
1/50 1/25 0.2 0.51 9834
1/30, 1/26 115 0.35 0.35 9835
1/20 110 0.5 0.25 9836
1715, 1112 1/6 0.8 0.18 9837
1/10, 1/8, 1/6 1/4 1.3 0.1 9838
1/4 1/2 2.5 0.06 9839
1/3 3/4 3.3 0.035 9840

Notes:

1. Motor horsepower and armature current must be specified in order to select correct Plug-in Horsepower Resistor®.
2. For motor horsepower not indicated, use the lower ohm value Plug-in Horsepower Resistor®.

B. AC Line Fuse — The KBWM™ contains a 5- TABLE 4 - ARMATURE FUSE
Amp AC line fuse used to protect the control SELECTION CHART
against catastrophic failure. If fuse blows, the
control may be miswired, the motor is shorted ROANC [1R0NDE Aﬁﬁ[ﬁf‘ Fuse
or grounded, or the speed control moedule is Motor Horsepower | Current ( Aga:r:%s)
defective. Replace with Littelfuse 326, Buss Range (DC Amps)

ABC or equivalent. Note: Bypassing or elimi- 1/100 1/50 0.1 1/5

nating the fuse will void warranty. 1/50 1725 0.2 3/10

CAUTION: Most electrical cedes require that :gg :;:2 2'2 ;Z

each ungrounded conductor contain fusing. s

Separate branch fusing or circuit breakers may LAl e 07 !

be required on 208/230 VAC line. 110 15 1.0 14
1/8 1/4 1.3 2

C. Armature Fuse — The KBWM™ has provi- 7% 173 17 3
sion for installing an armature fuse that helps v ” 55 7
protect the motor and contreol from damage 5 5 55 =
due to overload. Armature fuses are 3 AG type :

and are available from your distributor. Note: Specific applications may require a differ-
s ent fuse value than indicated. This is based on
Note: An armature fuse must be installed or  several factors such as ambient temperature.

control will not operate. Fuse value is calculat-
ed based on 1.7 times the DC current rating of the motor. See Table 4.
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FIGURE 3 - MOTOR VOLTAGE SELECTION

D. Jumper J2 is provided on Model KBWM-240 only
{MODEL KBWM-240 ONLY)

and is factory set to “180V” position. For step-
down operation (208/230 Volts AC line input and 0-

b J2 Set for J2 Set for
90 Volts DC output), set J2 to the “90V" position. 180 Volt DC Motors | 90 Volt DC Motors
See Figure 3. (Factory Setting) (Step-Down)
MOUNTING

The KBWM™ is mounted via the rear cover oy
mounting strap. Before attempting to wire the

control, locate the meunting holes using the rear

cover as a template or use the dimensicns as shown in the outline drawing. {See Figure 2,
page 4.) Be sure the control is mounted on a flat surface in a location where it will not be
exposed to contaminants such as water, metal chips, sclvents or excessive vibration and/or
temperature extiremes. Note: Allow adequate clearance around control to permit motor and
AC power cables to enter through the Bx knockouts on bottom of enclosure.

AO8L A0

A08l

When mounting in an airtight enclosure, the air space should be large enough te provide ade-
quate heat dissipation. It is recommended that an enclosure with minimum dimensions of 12"H
X 12"W x 6"D {300mm x 300mm x 150mm) be used. The maximum allowable ambient temper-
ature at full rating is 50 °C {122 °F). Consult the Sales Department if more information is required.

Note: The KBWM™ can be criented se that the AC power and motor wiring can be brought
in from the top of the control. Mount the rear cover so that the Bx knockeuts are located on
the top by rotating the rear cover 180°. The front cover is then installed right side up using
the four {4) 6x32 screws previcusly removed from the top and botton of the enclosure.

After wiring the front cover, install the mating rear cover with the four {4) 6x32 screws previ-
ously removed from the top and bottom of enclosures.

WIRING
Be sure the AC power is “off* before wiring control. Read Safety Waming on page 1 before
attempting to use this control.

TABLE 5 — TERMINAL BLOCK WIRING INFORMATION

Terminal Block | Connection Supply Wire Gauge Maximum Tightening Torque
Designation Designation Minimum Maximum (in-lbs)
TB1 L1, L2, A+, A- 22 14 3.5

FIGURE 4 - AC LINE & ABMATURE

WARNING! To avoid erratic operation, de
CONNECTION

not bundle AC line and motor wires with

potentiometer, voltage following, enable, inhibit or other
signal wiring. Use shielded cables on all signal wiring
over 12” {30 cm) — The shield should be earth ground-
ed on the control side enly. Wire the control in accor-
dance with the National Electrical Code requirements
and other codes that may apply to your area.

A. AC Line — Wire the AC power to terminals L1 and
L2. Be sure that the contrel model corresponds to
the correct AC line input voltage. Model
KBWM-120 is for 115 VAC 50/60 Hz and model

ACLUNE  MOTOR

KBWM-240 is for 208/230 VAC 50/60 Hz. See
Figure 4.
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Caution: If control is wired to a transformer, it is advisable to switch the secondary to dis-
connect power. If the primary is switched, additional snubber capacitors may have to be
added across terminals L1 and L2 to prevent power bridge damage.

Separate branch fusing or circuit breaker may be required on 208/230 VAC applications. (See
Section IV E, on page 8.)

. Motor Armature — Wire the motor armature wires to terminals A+ and A-. Be sure the motor
voltage corresponds to the control voltage rating. See Figure 4, on page 6. Note: If motor
runs in opposite direction to what is required, turn power off and reverse armature leads.

WARNING! Do not wire a switch or relay in series with the armature leads.
Armature switching can cause catastrophic failure of motor and/or control. If
reversing or dynamic braking is required, consult the Sales Department.

. Ground (earth) — Be sure to ground motor and control to green ground stud located between
the Bx knockouts. See Figure 7, on page 11.

. Field {Shunt motors only) — Do not use F+ and F- terminals for any other motor type. The
KBWM™ control is primarily designed for permanent magnet (PM) motors. However, a shunt
motor can also be controlled by wiring the shunt field directly to the 1/4” quick-disconnect ter-
minals located on the main speed control module. See Figures 5A and 5B for the F+ and F-
terminal locations. Attach motor field using insulated 1/4” Q-D female terminals. For
Standard PM (2-wire) motors, the Field is not used.

CAUTION: Shunt-wound motors may be damaged if field remains connected without motor
rotating for an extended period of time.

TABLE 6 — FIELD CONNECTION (Shunt Wound Motors Only)

AC Line Voltage VAC Motor Voltage Field Voltage (Volts DC) Field Connection
115 G- 90 100 F+, F-
115 G-90 50 F+, L1
208/230 0-180 200 F+, F-
208/230 0- 180 100 F+, L1
208/230 0-90 100 F+, L1
FIGURE 5A — FULL VOLTAGE FIELD FIGURE 5B — HALF VOLTAGE FIELD

3 FIELD*

+

AC LINE MOTOR

AL LINE MOTOR

*Shunt motors only
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VL.

E. Fusing — As indicated in Section |IB, the KBWM™ contains a single AC line fuse on
208/230 VAC applications. In the USA and other countries where the 208/230 volt is
derived from two {2) “hot” leads, both AC lines should be connected to a separate dual cir-
cuit breaker. Do not fuse neutral or grounded connections.

F. AC Line Switch — The KBWM™ contains a double pole AC line switch which opens both
legs of the AC line.

OPERATION

After wiring is complete, recheck connections to be sure they are correct. Also be sure cor-
rect armature fuse and Plug-in Horsepower Resistor® are installed. Turn main power on.
Intemal lamp in power switch should be lighted indicating control is receiving AC line voltage.
Gradually increase main speed dial setting. Motor should rotate in proportion to dial setting.

Note: if metor runs in opposite direction to what is required, turn power off and reverse arma-
ture leads.

WARNING! If control is cperated with cover off, be sure to wear safety glasses
and use insulated tools if any adjustments are to be made.

CL LED — Ared light-emitting diode (LED) can be found on the speed control PC board. |t
lights when the current limit circuit activates, indicating an overload condition. This is normal
when the motor accelerates to full speed or when a transient peak load condition exists.
However, if the LED lights continucusly, a severe overlead condition may exist. A DC amme-
ter should be installed in series with either armature lead to cbserve motor current during
actual operation. {See Safety Warning on page 1.) If the actual DC current exceeds the
motor rating, a higher horsepower motor should be used. If actual current is equal to or less
than the rated motor current, the CL adjustment may be incorrect, or the Plug-in Horsepower
Resistor® value may be toe high. Refer to the CL frimpot adjustment procedure and the
Plug-in Horsepower Resistor® chart on page 5.

TRIMPOT ADJUSTMENTS AND CONTROL FUNCTIONS

i WARNING! If adjustments are made under power, insulated adjustment tools must
be used and eye protection must be worn.

The KBWM™ has been factory adjusted to provide O - full speed using the speed control
knob. Minimum {MIN) and Maximum {(MAX) speed trimpots are provided to change the
speed seftings. The acceleration {ACCEL) trimpot is provided fo allow for a smooth start over
an adjustable time period each time the AC power is applied or the Main Speed
Potentiometer is rotated. The DECEL frimpot controls the amount of ramp-down time when
the Main Speed Potentiometer is adjusted to a lower speed. The Current Limit {CL, or torque
output) adjustment is factory set o approximately 1.5 times the motor rating. The IR
Compensation {IR) is factory adjusted to provide excellent motor regulation under normal
operation.

Note: For the IR Comp. and CL trimpot settings to be correct, the proper Plug-in Horsepower
Resistor® must be installed. {See Table 3 on page 5.) Do not attempt to change the set-
tings of the trimpots unless absolutely necessary since they are factory adjusted to near opti-
mum settings.

The fellowing procedure, presented in order of adjustment sequence, should be used when
readjusting all trimpot functions:
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A. Acceleration Start — The ACCEL is

factory set at approximately 2 seconds.
To readjust to different times, set the
knob to the desired position as shown
in Figure BA.

. Deceleration — The DECEL is factory
set to provide a ramp-down time of 2
seconds. To change the ramp-down
time, adjust the DECEL trimpot as indi-
cated in Figure 6B.

. Minimum Speed Adjustment - If a
higher than zere minimum speed is
needed, readjust the minimum speed
by tuming the speed control knob to
zero setting {full CCW position). Then
adjust the MIN speed trimpot to the
desired setting.

Note: The minimum speed adjustment
will affect the maximum speed setting.
Therefore, it is necessary to readjust
the maximum speed after the minimum
speed.

. Maximum Speed Adjustment — Turn

Speed Contrel Kneb to full speed (full

CW position). Adjust MAX speed trim-
pot to new desired setting.

Note: Do not attempt o adjust the max-
imum speed above the rated motor RPM
since unstable motor operation may
cccur. For mederate changes in the
maximum speed, there will only be a

slight effect on the minimum speed setting.

FIGURE 6A — ACCEL TRIMPOT ADJUSTMENT

FACTORY SETTING 2 SEC.

FIGURE 6B — DECEL TRIMPOT ADJUSTMENT

FACTORY SETTING 2 SEC.

. Current Limit {CL/Torque Adjustment) — CL circuitry is provided to protect the motor
and control against overloads. The CL also limits the inrush current to a safe level during
startup. The CL is factory set to approximately 1.5 times the full load rating of the motor.
{CL trimpot is nominally set to approximately 65% of full CW rotation.) Note: Proper size
Plug-in Horsepower Resistor® must be installed.

To set the CL to factory specifications adjust as follows:

1. Set speed control kneb at approximately 30 - 50% CW rotation. Set CL trimpot to full

CCW position.

2. Connect a DC ammeter in series with the armature lead.

3. Lock shaft of motor {be sure CL pot is in full CCW position). Apply power and rotate CL
pot CW until DC ammeter reads 1.5 times moftor rating. {Do not exceed 2 times motor
rating.) Do not leave motor in locked rotor position for more than a few seconds or dam-
age may occur. Note: The CL LED will illuminate when the centrol is in current limit.

g
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Note: If only an AC ammeter is available, it can be installed in series with AC input
line. Follow above instructions; however, set AC amperage at 0.75 motor rating.

F. IR Compensation Adjustment — IR compensation is provided te improve lead regulation.
If the load presented to the motor dees not vary substantially, the IR adjustment may be
set at a minimum level {approximately 1/4 of full setting). The centrol is factory adjusted
to approximately 3% regulation. If superior performance is needed {less than 1% speed
change of base speed from O - full lead), then the IR Comp. should be adjusted as fol-
lows:

Note: Excessive IR Comp. will cause control to become unstable, which causes motor

cogging.

1. Set IR Comp. trimpot at approximately 25% of CW rotation. Run meotor unlcaded at
approximately 1/3 speed and record RPM.

2. Run motor with maximum load and adjust IR Comp. trimpot so that the motor speed
under load equals the unloaded speed per step 1.

3. Remove load and recheck unlcaded RPM. [f unlocaded RPM has shifted, repeat pro-
cedure for more exact regulation.

The control is now compensated 1o provide minimal speed change under large varia-
tions of applied load.
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FIGURE 7 — INTERNAL CONNECTION DIAGRAM
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VIl. LIMITED WARRANTY

For a period of 18 months from the date of original purchase, KB Electronics, Inc. will repair
or replace, without charge, devices which cur examination proves to be defective in material
or workmanship. This warranty is valid if the unit has not been tampered with by unauthorized
persons, misused, abused, or improperly installed and has been used in accordance with the
instructions and/or ratings supplied. The foregeing is in lieu of any other warranty or guaran-
tee, expressed or implied. KB Electrenics, Inc. is not respensible for any expense, including
installation and removal, inconvenience, or consequential damage, including injury to any per-
son, caused by items of our manufacture or sale. Some states doe not allow certain exclusions
or limitations found in this warranty and therefore they may net apply to you. In any event, the
total liability of KB Electronics, Inc., under any circumstance, shall not exceed the full purchase
price of this product. {rev 2/2000)

KB Electronics, Inc.
‘ L 12095 NW 39th Street, Coral Springs, FL 33065-2516 - (954) 346-4900 - Fax (954) 346-3377
- Outside Florida Call TOLL FREE (800) 221-6570 - E-mail — info@kbelectronics.com
www.kbelectronics.com

{A40275) — Rev. C - 6/2001
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SONGLE RELAY

— 7 FRE RELAY 1S09002 SRD

R SONGLE RELAY

1. MAIN FEATURES

» Switching capacity available by 10Ain spite of
small size design far highdensity PC. board
maunting technigue.

o UL.CUL, TUV recagnized.

¢ Selection of plastic material far high temperature and
better chemical salution performance.

» Sealed types available.

¢+ Simple relay magnetic circuit to meet low cast of
mass praductian.

2. APPLICATIONS
» Damestic appliance, office machine, audia, equipment, automabile, ete.
{ Remate cantral TV receiver, manitar display, audio equipment high rushing current use applicatian.)

3. CRDERING INFORMATICN

SRD XX VDC 8 L C
Model of relay Nominal coil voltage Structure Coil  sensitivity | Contact form
S:Sealed t L:0.36W et fgh
SRD 03.05.06.09. 12,24, 48vDC |~ pe + B:1 form B
F:Flux free type D:0.45W C:1 farm C
4. BATING
CCC FILE NUMBER:CHOO528085-2000  7A/2400DC
CCC FILE NUMBER:CHO036746-39 10A/250VDC
UL /CUL FILE NUMBER: E167396 10A/ 25VAC 28YDC
TUY FILE NUMBER: R9933784 10A/240VAC 28VDC
5. DIMENSIONnit:mm) DRILLING gnit:mm) WIRING DIAGRAM
19.1max 15.5max

122005
1
'y
T
|
.
|
T
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6. COIL DATA CHART (AT20°C)

Coil Coil  |Neminal| Neminal Coil Power Full-In  |Drop-Cut [Max- Allowable)
Sensitivity Voltage | Voltage | Current |Resistance|Consumption| Voltage | Voltage Voltags
Code | (VDC} | (mA} | (Q)+10% {(VDC} | {VDC} (VDC)
SRD 3 (3 120 25 abt. 0.36W  [75%Max. [10% Min. 120%
(High 05 05 71.4 70
Sensitivityl| 06 06 60 100
09 g 40 225
12 12 30 400
24 24 15 1600
48 48 7.8 6400
SRD a3 a3 150 20 abt. 0.45W |75% Max | 10% Min. 110%
(Standard}| 05 05 89.3 55
a6 a6 75 8¢
09 0g 50 180
12 12 37.5 320
24 24 18.7 1280
48 48 10 4500 | abt. 0.5TW
7. CONTACT BRATING 9. REFERENCE DATA
Type SRD Ceil Temperature Rise
[tem FORM C FORM A
Contact Capacity ?’OA‘A 1228;/\%% 104 28VDC Q 7 -
Resistive Load {cosd=1} 78 240VAC 104 240VAC 3 5
[nductive Load 34 120VAC 54 120VAC 5 7
(cosd=0.4 L/IR=Tmsec} 34 28VDC 54 28VDC g
Max. Allowable Voltage 250VAC/HIOVDC  [250VACHT1OVDC §
Max. Allowable Power Force SO0VACI240W 1200VA/S00W £ 05 0.1 02 0% 04 05 0% 01 08
Contact Material AgCdC AgCdC OC;‘:;;;'{“; l'T‘?me
8. PERFORMANCE (at initial value)
Type SRD -
(tem \EF
Contact Resistance 100me Max. i N
Cperation Time 10msec Max. v N
Release Time Smsec Max. E | Repucte |
Dielectric Strenath g
Between coil & contact 1500VAC 50/60HZ (1 minute} S e e s
Between contacts 1 000VAC 50/60HZ (1 minute} Coil Pawer (W)
[nsulaticn Resistance 100 MO Min. (500VDC} Agﬁ,%g;%ﬂgﬂ
Max. CN/CFF Switching
Mechanically 300 cperaticn/min
Electrically 30 cperaticn/min g
Ambient Temperature -25°C to +70°C g ™
Sperating Hurmidity 45 0 85% AH N ——————
ibration w
Endurance 10 to 55Hz Deuble Amplitude 1.8mm é
E rror Cperation 10 to §5Hz Double Amplitude 1.5mm &
Shock Currartt of Load (A)
Endurance 100G Min. _ Life Expectancy
Error Cperation 100G Min,
Life Expectancy
WMechanically 107 operaticns. Min. (no load) =
Electrically 10° operations. Min. (at rated coil voltage} E e haok s
[\ eight abt. 10grs. § e
E

o 12 2 £ & 7 3
Current of Load (4)
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Features

* High Performance, Low Power AVR® 8-Bit Microcontroller
¢ Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
- Up to 20 MIPS Throughput at 20 MHz
— On-chip 2-cycle Multiplier
¢ High Endurance Non-volatile Memory Segments
— 4/8/16/32K Bytes of In-System Self-Programmable Flash progam memory
(ATmega48PA/88PA/168PA/328P)
— 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
- 512/1K/1K/2K Bytes Internal SRAM (ATmega48PA/88PA/168PA/328P)
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C'")
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
¢ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
- 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips 1°C compatible)
- Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
¢ |/O and Packages
— 23 Programmable I/O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
¢ Operating Voltage:
— 1.8 - 5.5V for ATmega48PA/88PA/168PA/328P
¢ Temperature Range:
— -40°C to 85°C
¢ Speed Grade:
-0-20MHz @ 1.8-5.5V
¢ Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmega48PA/88PA/168PA/328P:
— Active Mode: 0.2 mA
— Power-down Mode: 0.1 pA
— Power-save Mode: 0.75 pA (Including 32 kHz RTC)

AIMEL
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1. Pin Configurations

Figure 1-1.  Pinout ATmega48PA/88PA/168PA/328P
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e A TmMega48PA/88PA/168PA/328P

1.1 Pin Descriptions

1.1.1 vVCC

11.2 GND

Digital supply voltage.

Ground.

113 Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

114  Port C (PC5:0)

1.1.5 PC6/RESET

11.6  Port D (PD7:0)

8161CS-AVR-05/09

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in "Alternate Functions of Port B” on page
76 and "System Clock and Clock Options” on page 26.

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5..0 output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 28-3 on page 308. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in "Alternate Functions of Port C” on page
79.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

AIMEL 3
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s ATmMegad8PA/88PA/168PA/328P

The various special features of Port D are elaborated in "Alternate Functions of Port D” on page

82.

117 AVc
AV is the supply voltage pin for the A/D Converter, PC3:0, and ADC7:6. It should be externally
connected to Vi, even if the ADC is not used. If the ADC is used, it should be connected to V¢
through a low-pass filter. Note that PC6..4 use digital supply voltage, V.

1.1.8 AREF

AREEF is the analog reference pin for the A/D Converter.

1.1.9 ADC7:6 (TQFP and QFN/MLF Package Only)
In the TQFP and QFN/MLF package, ADC7:6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

8161CS-AVR-05/09 B
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s ATmega48PA/88PA/168PA/328P

2. Overview

The ATmega48PA/88PA/168PA/328P is a low-power CMOS 8-bit microcontroller based on the
AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegad8PA/88PA/168PA/328P achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.

2.1 Block Diagram

Figure 2-1.  Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting

ATMEL ;
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architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega48PA/88PA/168PA/328P provides the following features: 4/8/16/32K bytes of In-
System Programmable Flash with Read-While-Write capabilities, 256/512/512/1K bytes
EEPROM, 512/1K/1K/2K bytes SRAM, 23 general purpose I/O lines, 32 general purpose work-
ing registers, three flexible Timer/Counters with compare modes, internal and external
interrupts, a serial programmable USART, a byte-oriented 2-wire Serial Interface, an SPI serial
port, a 6-channel 10-bit ADC (8 channels in TQFP and QFN/MLF packages), a programmable
Watchdog Timer with internal Oscillator, and five software selectable power saving modes. The
Idle mode stops the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Inter-
face, SPI port, and interrupt system to continue functioning. The Power-down mode saves the
register contents but freezes the Oscillator, disabling all other chip functions until the next inter-
rupt or hardware reset. In Power-save mode, the asynchronous timer continues to run, allowing
the user to maintain a timer base while the rest of the device is sleeping. The ADC Noise Reduc-
tion mode stops the CPU and all YO modules except asynchronous timer and ADC, to minimize
switching noise during ADC conversions. In Standby mode, the crystal/resonator Oscillator is
running while the rest of the device is sleeping. This allows very fast start-up combined with low
power consumption.

The device is manufactured using Atmel's high density non-volatile memory technology. The
On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI
serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot pro-
gram running on the AVR core. The Boot program can use any interface to download the
application program in the Application Flash memory. Software in the Boot Flash section will
continue to run while the Application Flash section is updated, providing true Read-While-Write
operation. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a
monolithic chip, the Atmel ATmega48PA/88PA/168PA/328P is a powerful microcontroller that
provides a highly flexible and cost effective solution to many embedded control applications.

The ATmegad48PA/88PA/168PA/328P AVR is supported with a full suite of program and system
development tools including: C Compilers, Macro Assemblers, Program Debugger/Simulators,
In-Circuit Emulators, and Evaluation kits.

2.2 Comparison Between ATmegad8PA, ATmega88PA, ATmegal68PA and ATmega328P

8161CS-AVR-05/09

The ATmega48PA, ATmega88PA, ATmega168PA and ATmega328P differ only in memory
sizes, boot loader support, and interrupt vector sizes. Table 2-1 summarizes the different mem-
ory and interrupt vector sizes for the three devices.

Table 2-1. Memory Size Summary
Device Flash EEPROM RAM Interrupt Vector Size
ATmegad8PA 4K Bytes 256 Bytes 512 Bytes 1 instruction word/vector
ATmega88PA 8K Bytes 512 Bytes 1K Bytes 1 instruction word/vector
ATmega168PA 16K Bytes 512 Bytes 1K Bytes 2 instruction words/vector
ATmega328P 32K Bytes 1K Bytes 2K Bytes 2 instruction words/vector

ATmega88PA, ATmegal168PA and ATmega328P support a real Read-While-Write Self-Pro-
gramming mechanism. There is a separate Boot Loader Section, and the SPM instruction can
only execute from there. In ATmega48PA, there is no Read-While-Write support and no sepa-
rate Boot Loader Section. The SPM instruction can execute from the entire Flash.

ATMEL ;
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3. Resources

A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

4. Data Retention

Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

ATMEL :
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5. Register Summary

Address Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Page
(OxFF) Reserved = = = — — = - =
(0xFE) Reserved = = — - = = = =
(0xFD) Reserved — — — - = = = =
(OxFC) Reserved = - — - = = = —
(0xFB) Reserved = = — - = = - =
(OxFA) Reserved — — — - = = == =
(0xF9) Reserved — — — = = = - _
(0xF8) Reserved = = — — = = - =
(0xF7) Reserved — — — - = = = =
(0xF8) Reserved — — - = = = = =
(0xF5) Reserved = = — — — @ = =
(0xF4) Reserved — — — - — = = =
(0xF3) Reserved — — - - = = =% =
(0xF2) Reserved = = — — = = = =
(OxF1) Reserved — - - o o - = =
(0xFO0) Reserved - — — = = = = =
(OXEF) Resenved = = — — — = = =
(OXEE) Reserved = - - - = & = .
(0XED) Reserved — — — — = = = =
(OxEC) Reserved = - — - = = = =
(0xEB) Reserved — — — - = o = .
(OXEA) Reserved — — — — = = = —
(0xE9) Reserved — - - = = = = =
(0xE8) Reserved — — — - - = = —
(OXE7) Reserved — — - — = = = =
(0xE8) Reserved — — — = = = = =
(OXESB) Resenved = — — — - = = -
(OxE4) Reserved - - - - = & = .
(0XE3) Reserved — — — = = = = =
(0xE2) Reserved = = — — = = = =
(OxE1) Reserved — — — = = = = —
(0XEO0) Reserved — — — — = = = =
(0xDF) Reserved = - — - = = = =
(0xDE) Reserved = = - — = = = -
(0xDD) Reserved — — — - = = - =
(0xDC) Reserved — - - = = = = =
(0xDB) Reserved = — — — = = = -
(0xDA) Reserved — - - - - - = =
(0xD9) Reserved = - - - = = = =
(0xD8) Reserved — — — = 25 = - =
(0xD7) Reserved — — — — = = = —
(0xD6) Reserved = - - - - = = =
(0xD5) Reserved — — — = =5 = = =
(0xD4) Reserved — — — - = = — -
(0xD3) Reserved — — — — = = = =
(0xD2) Reserved = - — - = = = =
(0xD1) Reserved = = = - - — = =
(0xD0) Reserved — — — — — = = =
(0xCF) Reserved = - - - - = = =
(0xCE) Reserved — — — 22 25 = 2 =
(0xCD) Reseved - — - - — - — -
(0xCC) Reserved — - — = = = = -
(0xCB) Reserved = = — — = = = =
(0xCA) Reserved — — — — = = = -
(0xC9) Reserved — — - = ~ = - _
(0xC8) Reserved = — - - - = = =
(0xC7) Reserved - - - — = = = -
(0xC8) UDRO USART I/O Data Register 189
(0xC5) UBRROH | | | | USART Baud Rate Register High 193
(0xC4) UBRROL USART Baud Rate Register Low 193
(0xC3) Reserved = [ = [ = | = | _ I _ I _ I _
(0XC2) UCSROC UMSELOT | UMSEL00 |  uPmoi | UPMOO | USBSO | ucszoimoomoo | ucszeorucerso | UCPOLO 191/208

ATMEL a
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Address Name Bit7 Bité Bit5 Bit4 Bit 3 Bit2 Bit1 Bit0 Page
(0xC1) UCSROB RXCIEQ TXCIEQ UDRIEO RXENO TXENO UCSZ02 RXB80 TXB80 190
0xCO0’ UOSR&A RXCO TXCO UDREO FEO DORO UPEQ U2X0 MPOW 1%3
(0xBF) Reserved — — — - = = = =
(0XBE) Reserved — — — — Z = = =
(0xBD) TWAMR TWAMSE TWAMS TWAM4 TWAM3 TWAM2 TWAMA TWAMO = 239
(0xBC) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN = TWIE 236
(0xBB) TWDR 2-wire Senal Interface Data Register 238
(0xBA) TWAR TWAE TWAS TWA4 TWAS TWA2 [ TWAT1 TWAD TWGCE 239
(0xB9) TWSR TWS7 TWS6 TWS5 I TWS4 I TWS3 = TWPS1 TWPS0 238
(0xB8) TWBR 2-wire Senal Interface Bit Rate Register 236
(0xB7) Reserved = - = = = - =
(0xB6) ASSR = EXCLK AS2 TCN2UB OCR2AUB OCR2BUB TCR2AUB TCR2BUB 158
(0xB5) Reserved = - - = = = = =
(0xB4) QCR2B Timer/Counter2 Output Compare Register B 156
(0xB3) OCR2A Timer/Counter2 Output Compare Register A 156
(0xB2) TCNT2 Timer/Counter2 (8-bit) 156
(0xB1) TCCR2B FOC2A FOC2B = = WGM22 CS22 Ccs21 CS20 155
(0xB0) TCCR2A COM2A1 COM2AD COM2B1 COM2B0 = = WGM21 WGM20 152
(OXAF) Resenved — — — s ~ = = =
{OXAE) Reserved — — — — = = = =
(OXAD) Resenved - — — - = = — -

(OXAC) Reserved — — — — = e —~ =
(0xAB) Reserved — — — — = - = =
(OxXAA) Reserved — — — — Z = = =
(0xA9) Reserved — — — e = = - -
(0xA8) Reserved — — — — = - = =
(0xA7) Reserved — — — = £ = = =
{0xA8) Reserved — — — = = = = -
(OxA5) Reserved — - - > = - s =
(0xA4) Reserved — - - o = = = =
{0xA3) Reserved — = = = - - — —
(0xXA2) Reserved — — — = = - = —
(OxA1) Reserved = = — - - = = =
(0xAQ) Reserved — — — = 2 = o =
(0x9F) Resernved — — — = = - = —
(0x9E) Resernved — - - s ~ = = =
(0x9D) Reserved — — — = = = = =
(0x9C) Resenved - - - - — = - -
(0x9B) Resenved — — — s ~ = = -
(0x9A) Reserved — — — — = = = =
(0x99) Reseed — — — — Z = = =
(0x98) Reserved — — — — = e —~ =
(0x97) Reserved — — — — = - = =
(0x96) Reserved — — — — Z = = =
(0x95) Reserved — — — . = = = -
(0x94) Reserved — — — = s = = =
(0x93) Reserved — — — = £ = = =
(0x92) Reserved — — — = = = = -
(0x91) Reserved — - - > = - s =
(0x90) Resernved — — — o = = = =
(0x8F) Reserved — - - = = = = =
{0X8E) Reserved — — — = = - = —
(0x8D) Reserved — - - = — = — =
(0x8C) Resernved — — — = 2 = o =
(0x8B) OCR1BH Timer/Counter! - Output Compare Register B High Byte 132
(0x8A) OCR1BL Timer/Counteri - Output Compare Register B Low Byte 132
(0x89) OCR1AH Timer/Counter! - Qutput Compare Register A High Byte 132
(0x88) OCRIAL Timer/Counteri - Qutput Compare Register A Low Byte 132
(0x87) ICR1H Timer/Counteri - Input Capture Register High Byte 133
(0x86) ICR1L Timer/Counteri - Input Capture Register Low Byte 133
(0x85) TCNT1H Timer/Counteri - Counter Register High Byte 132
(0x84) TCNTAL Timer/Counteri - Counter Register Low Byte 132
(0x83) Resernved — — — — = - = =
(0x82) TCCRIC FOC1A FOC1B = = = = = = 131
(0x81) TCCR1B ICNCH ICESH — WGM13 WGM12 CS12 CSid CS10 130
(0x80) TCCR1A COMA1A1 COM1AO COM1B1 COM1BO = = WGM11 WGMA0 128

8161CS-AVR-05/09
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Address Name Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bit1 Bit 0 Page
(0x7F) DIDR1 = = = = = = AIN1D AINOD 244
0x7E) DIDRO e = ADCéD ADO&D ADO%D ADC2D ADCiD ADO&D 261
(0x7D) Reserved — — — — — — — —

(0x7C) ADMUX REFS1 REFS0 ADLAR = MUX3 MUX2 MUX1 MUX0 257
(0x7B) ADCSRB = ACME =) = = ADTS2 ADTSH ADTS0 260
(0X7A) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPSH ADPS0 258
(0x79) ADCH ADC Data Register High byte 260
(0x78) ADCL ADC Data Register Low byte 260
(0X77) Reserved — — — — — — — —

(0x76) Reserved — — — — — — — —

(0x75) Reseved — — — — — — — —

(0x74) Reserved = - — - = = = -

(0x73) Reserved — — — — — — — —

(0x72) Reserved — — — — — — — —

(0x71) Reserved — — — — — — — —

(0x70) TIMSK2 = = = = = OCIE2B OCIE2A TOIE2 157
(0x6F) TIMSKA = = ICIE1 =3 = OCIE1B OCIE1A TOIES 133
(0x6E) TIMSKO = = = = = OCIE0B OCIEOA TOIEQ 105
(0x6D) PCMSK2 PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 68
(0x6C) PCMSK1 = PCINT14 PCINT13 PCINT{2 PCINT 11 PCINT10 PCINTS PCINT8 68
(0x6B) PCMSKO PCINT7 PCINT6E PCINTS PCINT4 PCINT3 PCINT2 PCINTA PCINTO 68
(OXBA) Reserved — — — — — — — —

(0x69) EICRA — = = - ISC11 ISC10 1SC01 1SC00 65
(0x68) PCICR = = S 2 2 PCIE2 PCIE1 PCIEQ

(0x67) Reserved = = = = = = = =

(0x66) OSCCAL Oscillator Calibration Register 37
(0x65) Reserved — — — — — — — —

(0x64) PRR PRTWI PRTIM2 PRTIMO = PRTIM1 PRSPI PRUSARTO PRADC 42
(0x63) Reserved — — — — — — — —

(0x62) Reserved — — — — — — — —

(0x61) CLKPR CLKPCE = = = CLKPS3 CLKPS2 CLKPSH CLKPS0 37
(OX_GO) WDTCSR WDIF WDIE WDP3 WDCE WDE WDP2 WDP1{ WDPO 54

0x3F (0x5F) SREG | T H S 3 N Z C 9

0x3E (0x5E) SPH = = = = = (SP10)® SP9 SP8 12

0x3D {0x5D) SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO 12

0x3C {0x5C) Reserved — — — — — — — —

0x3B (0x5B) Reserved — — — — — — — —

0x3A (0x5A) Reserved = — - = — = — —

0x39 (0x59) Reseved — — — — — — — —

0x38 (0x58) Reserved — — — — — — — —

0x37 (0x57) SPMCSR SPMIE (RWWSB)S = (RWWSRE)® BLBSET PGWRT PGERS SELFPRGEN 284

0x36 (0x56) Reserved — — — - — — — —

0x35 (0x55) MCUCR = BODS BODSE PUD = = IVSEL IVCE 44/62/86

0x34 (0x54) MCUSR = = = = WDRF BORF EXTRF PORF 54

0x33 (0x53) SMCR = =) =) = SM2 SM1 SMO SE 40

0x32 (0x52) Reserved — — — — — — — —

0x31 (0x51) Reserved — — — — — — — —

0x30 (0x50) ACSR ACD ACBG ACO ACI ACIE ACIC ACISH ACISO 242

0x2F (0x4F) Resernved — - - - - — - —

0x2E (0x4E) SPDR SPI Data Register 169

0x2D (0x4D) SPSR SPIF wooL | = | = = [ = = | spex 168

0x2C (0x4C) SPCR SPIE sPE__ | DporD | wMsTR GPOL__ | GPHA sPRi___ | SPRo 167

0x2B (0x4B) GPIOR2 General Pumpose /O Register 2 25

0x2A (0x4A) GPIOR1 General Pumpose /O Register 1 25

0x29 (0x49) Reserved — — l — I — — — — I —

0x28 (0x48) OCROB Timer/Counterd Output Compare Register B

0x27 (0x47) OCROA Timer/Counterd Output Compare Register A

0x26 (0x46) TCNTO Timer/Counter0 (8-bit)

0x25 (0x45) TCCROB FOCO0A FOCOB =) = WGMO02 C802 CS01 CS00

0x24 (0x44) TCCROA COMOAA COMOAQ COMOBA COMOBO = = WGEMOA WGMOO

0x23 (0x43) GTCCR TSM = = = = = PSRASY PSRSYNC 137/159

0x22 (0x42) EEARH (EEPROM Address Register High Byte) & 21

0x21 (0x41) EEARL EEPROM Address Register Low Byte 21

0x20 (0x40) EEDR EEPROM Data Register 21

0x1F (0X3F) EECR - = | Eepmi_ | EEPMO | EERIE | EEMPE EEPE__ | EERE 21

0x1E (0x3E) GPIOR0O General Pumpose /O Register 0 25
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Address Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Page
0x1D (0x3D) EIMSK = = = = = = INTH INTO 66
Qlcgac) EIFR = _ = - - = INTF INTFO 58
0x1B (0x3B) PCIFR = = = = = PCIF2 PCIF1 PCIFO
0x1A (0x3A) Reserved — — — — — — — —
0x19 (0x39) Reserved = = — = — = — —
0x18 (0x38) Reserved — — — — — — — —
0x17 (0x37) TIFR2 &= = =) & = OCF2B QCF2A TOV2 157
0x16 (0x36) TIFR1 = = ICF1 = = OCF1iB OCFiA TOVA 134
0x15 (0x35) TIFRO = = = = = OCF0B OCFOA TOVO
0x14 (0x34) Resernved — = — — = — — —
0x13 (0x33) Reserved — — — — — — — —
0x12 (0x32) Reserved = - - - — = = -
0x11 (0x31) Resenved — — — — — — — —
0x10 (0x30) Reserved — — — — — — — —
0x0F (0x2F) Reserved - - - - — - — -
0x0E (0x2E) Reserved — — — — — — — —
0x0D (0x2D) Reserved — — — — — — — —
0x0C (0x2C) Reserved — — — — — — — —
0x0B (0x2B) PORTD PORTD7 PORTD6 PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 87
Ox0A (0x2A) DDRD DDD7 DDD8& DDD5 DDD4 DDD3 DDD2 DDDA DDDO 87
0x09 (0x29) PIND PIND7 PINDS PINDS PIND4 PIND3 PIND2 PIND1 PINDO 87
0x08 (0x28) PORTC - PORTCS PORTCS PORTCA4 PORTCS PORTC2 PORTCH PORTCO 86
0x07 (0x27) DDRC - DDC6 DDCS DDC4 DDC3 DDC2 DDCH DDCO 86
0x06 (0x26) PINC = PINCE PINCS PINC4 PINC3 PINC2 PINC1 PINCO 86
0x05 (0x25) PORTB PORTB7 PORTE6 PORTBS PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 86
0x04 (0x24) DDRB DDB7 DDBé DDBS DDB4 DDB3 DDB2 DDBA DDBO 86
0x03 (0x23) PINB PINB7 PINB6 PINBS PINB4 PINB3 PINB2 PINBA PINBO 86
0x02 (0x22) Reserved — — — — — — — —
0x01 (0x21) Resernved — — — — — — — —
0x0 (0x20) Reserved — = — — = — — —

Note: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses

should never be written.

2. /O Registers within the address range 0x00 - Ox1F are directly bit-accessible using the SBI and CBlI instructions. In these
registers, the value of single bits can be checked by using the SBIS and SBIC instructions.

3. Some of the Status Flags are cleared by writing a logical one to them. Note that, unlike most other AVRs, the CBI and SBI
instructions will only operate on the specified bit, and can therefore be used on registers containing such Status Flags. The
CBI and SBI instructions work with registers 0x00 to Ox1F only.

4. When using the I/O specific commands IN and OUT, the I/O addresses 0x00 - 0x3F must be used. When addressing I/O
Registers as data space using LD and ST instructions, 0x20 must be added to these addresses. The
ATmegad8PA/88PA/168PA/328P is a complex microcontroller with more peripheral units than can be supported within the 64
location reserved in Opcode for the IN and OUT instructions. For the Extended I/O space from 0x60 - OxFF in SRAM, only
the ST/STS/STD and LD/LDS/LDD instructions can be used.

5. Only valid for ATmega88PA.
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6. Instruction Set Summary

Mnemonics | Operands | Description Operation | Flags | #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd«< Rd+Rr ZCNVH 1
ADC Rd, Rr Add with Carry two Registers Rd« Rd+ Rr+C Z,GCNVH 1
ADIW RdlLK Add Immediate to Word Rdh:Rdl < Rdh:Rdl + K ZCONVS 2
SUB Rd, Rr Subtract two Registers Rd < Rd - Rr Z,GCNV.H i
SUBI Rd, K Subtract Constant from Register Rd <« Rd-K ZGCNVH i
SBC Rd, Rr Subtract with Carry two Registers Rd< Rd-Rr-C ZCNVH 1
SBCI Rd, K Subtract with Carry Constant from Reg Rd« Rd-K-C Z,CNVH i
SBIW RdlLK Subtract Immediate from Word Rdh:Rdl < Rdh:Rdl - K ZCNV.S 2
AND Rd, Rr Logical AND Registers Rd < Rd e Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd«< Rde K ZNV 1
OR Rd, Rr Logical OR Registers Rd « Rd v Rr Z NV 1
ORI Rd, K Logical OR Register and Constant Rd « Rdv K Z NV 1
EOR Rd, Rr Exclusive OR Registers Rd « Rd ® Rr ZNV 1
COM Rd One’s Complement Rd « O0xFF - Rd ZGC NV 1
NEG Rd Two’s Complement Rd « 0x00 - Rd ZGCNVH 1
SBR Rd K Set Bit(s) in Register Rd < Rd v K ZNV 1
CBR Rd K Clear Bit(s) in Register Rd < Rd e (0XFF - K) Z NV 1
INC Rd Increment Rd < Rd +1 ZNV 1
DEC Rd Decrement Rd <« Rd-1 ZNV :
TST Rd Test for Zero or Minus Rd < Rd e Rd ZNV 1
CLR Rd Clear Register Rd « Rd® Rd ZNV i
SER Rd Set Register Rd « OxFF None 1
MUL Rd, Rr Multiply Unsigned R1:R0 « Rd x Rr ZC 2
MULS Rd, Rr Multiply Signed R1:R0 < Rd x Rr ZC 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0 < Rd x Rr ZC 2
FMUL Rd, Rr Fractional Multiply Unsigned R1:R0 « (Rd x Rr) << 1 ZC 2
FMULS Rd, Rr Fractional Multiply Signed R1:R0 < (Rd x Rr) << 1 Z,C 2
FMULSU Rd, Rr Fracuoni\ Multiply Signed with Unsigned R1:R0 < (Rd x Rr) << 1 Z,C 2
BRANCH INSTRUCTIONS
RJMP Kk Relative Jump PC«PC+k +1 None 2
|JMP Indirect Jump to (Z) PC«Z None 2
Jmp k Direot Jump PC«k None 3
RCALL k Relative Subroutine Call PC«<PC+k+1 None 3
ICALL Indirect Call to (Z) PC« Z None 3
GALLM 3 Direct Subroutine Call PC«k None 4
RET Subroutine Return PC « STACK None 4
RETI Interrupt Retum PC « STACK | 4
CPSE Rd Rr Compare, Skip if Equal if(Rd=Rr) PC«<PC+20r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z, NV.CH 1
CPC Rd Rr Compare with Carry Rd- Rr-C Z NV.CH 4
CPI Rd K Compare Register with Immediate Rd - K Z NV,CH 1
SBRC Rr, b Skip if Bitin Register Cleared if (Rr(b)=0) PC« PC+20r3 None 1/2/3
SBRS Rr, b Skip if Bitin Registeris Set if (Rr{b)=1) PC« PC +20r3 None 1/2/3
SBIC P.b Skip if Bitin /O Register Cleared if (P(b)=0) PC < PC+2o0r3 None 1/2/3
SBIS P.b Skip if Bitin /O Registeris Set if (P{b)=1) PC < PC+2o0r3 None 1/2/3
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC«—PC+k + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC<—PC+k + 1 None 1/2
BREQ k Branch if Equal if (Z=1) then PC < PC +k+1 None 1/2
BRNE k Branch if Not Equal if(Z=0)then PC«PC+k+1 None 1/2
BRCS 3 Branch if Carry Set if(C=1)then PC« PC +k+ 1 None 1/2
BRCC k Branch if Carry Cleared if(C=0)then PC < PC+k+1 None 1/2
BRSH k Branch if Same or Higher if (C =0) then PC« PC+k+ 1 None 1/2
BRLO k Branch if Lower if (C=1)then PC« PC+k+1 None 1/2
BRMI k Branch if Minus if (N=1) then PC« PC+k+ 1 None 1/2
BRPL k Branch if Plus if (N = 0) then PC « PC + k+ 1 None 1/2
BRGE k Branch if Greater or Equal, Signed it (N® V=0) then PC« PC +k+1 None 1/2
BRLT k Branch if Less Than Zero, Signed if (N®V=1) then PC«< PC +k+ 1 None 1/2
BRHS s Branch if Half Carry Flag Set if (H=1) then PC < PC +k+ 1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if (H=0) then PC« PC +k+ 1 None 1/2
BRTS ko Branch if T Flag Set if(T=1)then PC«< PC+k +1 None 1/2
BRTC s Branch if T Flag Cleared if (T=0)then PC < PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if (V=1)then PC <« PC+k+1 None 1/2
BRYC ko Bﬁnch it Overlow Flaﬁ is Cleared it (V=0 thﬁn PC < PC+k+d Nﬁne 1/2
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch if Internupt Enabled if{I=1)then PC< PC+k+1 None 172
BRID 3 Brgnch if Interrupt Disabled if (| =0)then PC & PC +k+1 None 1/2
BIT AND BIT-TEST INSTRUCTIONS
SBI Pb Set Bitin I/O Register 1/O(P.b) « None 2
CBI Pb Clear Bitin I/O Register /O(P.b) « None 2
LSL Rd Logical Shift Left Rd(r+1 )(—Fld( ), Rd(0) < 0 ZONV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) < 0 Z.CO.NV 1
ROL Rd Rotate Left Through Carry Rd(0)«C,Rd{n+1)& Rd{n),C«<Rd(7) ZCONV 1
ROR Rd Rotate Right Through Carry Rd(7)<-C,Rd(n) Rd(n+1),C<«Rd{0) ZGCNV 1
ASR Rd Anthmetic Shift Right Rd(n) < Rd{n+1), n=0..6 ZGCNV 1
SWAP Rd Swap Nibbles Rd(3..0)Rd(7..4) Rd(7 .4)<Rd(3..0) None 1
BSET s Flag Set SREG(S) « SREG(S) 1
BCLR S Flag Clear SREG(s) < 0 SREG(s) 1
BST Rr, b Bit Store from Register to T T < Rrib) T 1
BLD Rd, b Bitload from T to Register Rd(b) < T None 1
SEC Set Carry C 1 C 1
CLC Clear Carry C«0 C 1
SEN Set Negative Flag N« 1 N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Ze1 Z 1
CLZ Clear Zero Flag Z<0 Z 1
SE| Global Internupt Enable | 1 | 1
CLI Global Internupt Disable 10 | 1
SES Set Signed Test Flag S« 1 S 1
CLS Clear Signed Test Flag S0 S 1
SEV Set Twos Complement Overflow. Ve 1 v 1
CLY Clear Twos Complement Overflow Ve 0 v 1
SET Set T in SREG Tie=1 i 1
CLT Clear Tin SREG T<0 T 1
SEH Set Half Carry Flag in SREG H e« 1 H 1
CLH Clear Half Carry Flag in SREG H« 0 H 1
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Rd < Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI| Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd < (), X X+1 None 2
LD Rd, - X Load Indirect and Pre-Dec. HeX-1, Rd < (X) None 2
LD Rd, Y Load Indirect Rd < (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd<(Y), Y& Y +1 None 2
LD Rd, -Y Load Indirect and Pre-Dec. Y& Y-1,Rde(Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd < (Y +q) None 2
LD Rd, Z Load Indirect Rd < (Z) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd « (Z), Ze 71 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«Z7Z-1,Rd<(Z) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd < (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X))« Rr None 2
ST X+, Rr Store Indirect and Post-Inc, () Rr, X X+1 None 2
ST - X, Rr Store Indirect and Pre-Dec, HeX-1,(X) < Rr None 2
ST Y, Rr Store Indirect (Y) < Rr None 2
8T Y+, Rr Store Indirect and Post-Inc. (Y)<RrY&Y+1 None 2
ST -Y,Rr Store Indirect and Pre-Dec. Y&« Y-1,(Y)<Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y +q) e Rr None 2
ST Z, Rr Store Indirect (Z) < Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. (Zy«—Rr, Z«Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z<7Z-1,(Z)« Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q)«< Rr None 2
STS k, Rr Store Direct to SRAM (k) < Rr None 2
LPM Load Program Memory RO < (Z) None 3
LPM Rd, Z Load Program Memory Rd < (Z) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd < (Z), Z« Z+1 None 3
SPM Store Program Memory (Z) < R1:RO None -
IN Rd, P In Port Rd« P None 1
ouT P.Rr Qut Port P<Rr None 1

%H Rr Push Reﬁlsteron Stack STACK < Rr Nﬁne 2
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8161CS-AVR-05/09

ATMEL

Mnemonics Operands Description Operation Flags #Clocks
POP Rd Pop Register from Stack Rd < STACK None &
—— e

MCU CONTROL INSTRUCTIONS

NOP No Operation None 1

SLEEP Sleep (see specific descr. for Sleep function) None 1

WDR Watchdog Reset (see specific descr. for WDR/timer) None il

BREAK Break For On-chip Debug Only None N/A
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7. Ordering Information

7.1 ATmegad8PA

Speed (MHz) Power Supply Ordering Code®® Package(" Operational Range
ATmegad8PA-AU 32A
20 —T ATmega48PA-MMH® 28M1 Industrial
ATmegad8PA-MU 32M1-A (-40°C to 85°C)
ATmegad8PA-PU 28P3

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive).Also
Halide free and fully Green.
3. See "Speed Grades” on page 306.
4. NiPdAu Lead Finish.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28M1 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
32M1-A 32-pad, 5 x 5x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
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7.2 ATmega88PA

Speed (MHz) Power Supply Ordering Code(?) Package!” Operational Range
ATmega88PA-AU 32A
20 —— ATmega88PA-MMH® 28M1 Industrial
ATmega88PA-MU 32M1-A (-40°C to 85°C)
ATmega88PA-PU 28P3

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum guantities.

2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive).Also

Halide free and fully Green.

3. See "Speed Grades” on page 306.

4. NiPdAu Lead Finish.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28M1 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45 mm Quad Flat No-Lead/Micro Lead Frame Package (QF N/MLF)
32M1-A 32-pad, 5 x 5x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
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7.3 ATmegail68PA

Speed (MHZ)@ Power Su pply Ordering Code(Q-) Package“) Operational Range
ATmegai68PA-AU 32A
- e B ATmega168PA-MMH® 28M1 Industrial
ATmegai68PA-MU 32M1-A (-40°C to 85°C)
ATmegai68PA-PU 28P3

Note: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.
3. See "Speed Grades” on page 312.
4. NiPdAu Lead Finish.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28MA1 28-pad, 4 x 4 x 1.0 body, Lead Pitch 0.45 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
32M1-A 32-pad, 5x 5x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
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74 ATmega328P

Speed (MHz) Power Supply Ordering Code®® Package!" Operational Range
ATmega328P- AU 32A Industrial
20@ 1.8-5.5 ATmega328P- MU 32M1-A (40°C to 85°C)
ATmega328P- PU 28P3
Note: 1.

This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.

Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive).Also
Halide free and fully Green.

3. See Figure 28-1 on page 316.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (TQFP)
28P3 28-lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
32M1-A 32-pad, 5 x 5x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

AIMEL 18
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8. Packaging Information

81 32A

O AR |
PIN{ 1) =
= (( =8
E PIN 1 IDENTIFIER g_‘
2 =
eLEﬁ\\j %g E1 E
= =
= ) =
TUouurooor oo 42— v
D1
D —

I
[ Bl

ta

A=

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 8.75 9.00 9.25
D1 6.90 7.00 7.10 | Note 2
E 8.75 9.00 9.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ABA.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 6.90 7.00 7.10 | Note 2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 = 0.45
plastic body size dimensions including mold mismatch.
I, " C 0.09 - 0.20
3. Lead coplanarity is 0.10 mm maximum.
L 0.45 - 0.75
e 0.80 TYP
10/5/2001

2325 Orchard Parkway |
rehar arkwa
AIMEL ?

San Jose, CA 95131

32A, 32-lead, 7 x 7 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

32A

DRAWING NO. |REV.

B
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8.2 28M1

C
4 4
2 \—Pin1ID
3
SIDE VIEW
TOP VIEW
Y
Kﬂ v
J U U U U U G_C?OAS GOMMON DIMENSIONS
r {Unit of Measure = mm)
2
— R O.ZO*PTC SYMBOL| MIN NOM MAX | NOTE
4 - s A 080 | 090 | 100
/D (e Al 0.00 0.02 0.05
ﬁ D) (e b 017 0.22 0.27
™ (e 0.20 REF
— - ‘< D 395 | 400 | 405
) & n n n n ﬂ n [T—;'— D2 235 240 245
7 E 395 | 400 | 405
rd *‘ Fe E2 235 240 | 245
~0.4 Ref e 045
@x) BOTTOM VIEW
L 0.35 0.40 0.45
y 0.00 = 0.08
Note: The terminal #1 ID is a Laser-marked Feature. K 0.20 - -
10/24/08
TITLE GPC DRAWING NO. [REV.
r Package Drawing Contact: 28M1, 28-pad,4x4x 1.0mmBody, Lead Pitch 045 mm,
‘ mE »  packagedrawings @atmel.com | 24 x24 mm Exposed Pad, Thermally Enhanced ZBV 28M1 B
8 Plastic Very Thin Quad Flat No Lead Package (VQFN)
20
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8.3 32M1-A

m"\(

LTI TITT T TT1T

SIDE VIEW

TOP VIEW »F
a
-
o 008 COMMON DIMENSIONS
|E|—> (Unit of Measure = mm)
SYMBOL MIN NOM MAX NOTE

¥ /LUUUUUUJ\ A 0.80 0.90 1.00
é - [ e Al - 0.02 0.05
| Pin#1 Noteh :J o A2 - 0.65 1.00

g S=0h) g 3 A3 0.20 REF
-] [amm b 0.18 0.23 0.30
g g D 490 | 500 | 510
— 8 7 — D1 4.70 475 4.80
N N0NANNAN []7**—? D2 2.95 310 | 325
w Lﬁ 4.‘ L—E i E 4.90 5.00 510
E1 4.70 475 4.80
BOTTOM VIEW E2 2.95 3.10 3.25

e 0.50 BSC
L 0.30 0.40 0.50
P - - 0.60
e - = 12°

Note: JEDEC Standard MO-220, Fig. 2 (Anvil Singulation), VHHD-2. K 0.20 - =
5/25/06

2325 Orchard Parkway | e
rchar arkwal
AIMEL 4

San Jose, CA 95131

32M1-A, 32-pad, 5 x 5 x 1.0 mm Body, Lead Pitch 0.50 mm,
3.10 mm Exposed Pad, Micro Lead Frame Package (MLF)

DRAWING NO. |REV.

32M1-A E

8161CS-AVR-05/09
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8.4 28P3

"

PIN
1
1m N o 10

o N I I [

. jﬁfi i Jﬂﬁﬁm

(4 PLACES)

i

{S% 0°~ 15 REF
c Nl | Wl

e |

Note: 1. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
{Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE
A - - 45724
Al 0.508 - -
34.544 - 34.798 | Note 1
7.620 - 8.255
El 7112 - 7.493 |Note 1
B 0.381 = 0533
B1 1.143 - 1.397
B2 0.762 - 1.143
L. 3175 . 3429
C 0.203 = 0.356
eB - - 10.160
e 2540 TYP
09/28/01

‘I— 2325 Orchard Parkway
M'@ San Jose, CA 95131

TITLE

Inline Package (PDIP)

28P3, 28-lead (0.300"/7.62 mm Wide) Plastic Dual

DRAWING NO. [REV.
28P3

B

8161CS-AVR-05/09
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9. Errata
9.1  Errata ATmegad8PA
The revision letter in this section refers to the revision of the ATmega48PA device.
9.1.1 Rev. D
No known errata.
9.2 Errata ATmega88PA
The revision letter in this section refers to the revision of the ATmega88PA device.
9.2.1 Rev. F
No known errata.
9.3 Errata ATmega168PA
The revision letter in this section refers to the revision of the ATmega168PA device.
9.3.1 Rev E
No known errata.
9.4 Errata ATmega328P
The revision letter in this section refers to the revision of the ATmega328P device.
9.4.1 Rev D
No known errata.
9.4.2 Rev C
Not sampled.
9.4.3 Rev B
* Unstable 32 kHz Oscillator
1. Unstable 32 kHz Oscillator
The 32 kHz oscillator does not work as system clock.
The 32 kHz oscillator used as asynchronous timer is inaccurate.
Problem Fix/ Workaround
None
9.4.4 Rev A

8161CS-AVR-05/09

* Unstable 32 kHz Oscillator
1. Unstable 32 kHz Oscillator
The 32 kHz oscillator does not work as system clock.
The 32 kHz oscillator used as asynchronous timer is inaccurate.

Problem Fix/ Workaround
None

ATMEL 23
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10. Datasheet Revision History

Please note that the referring page numbers in this section are referred to this document. The
referring revision in this section are referring to the document revision.

10.1 Rev. 8161C - 05/09

w

© N o o &

10.2 Rev. 8161B - 01/09

©

© ©® N o u &

10.

8161CS-AVR-05/09

Updated "Features” on page 1 for ATmegad8PA/88PA/168PA/328P.
Updated "Overview” on page 5 included the Table 2-1 on page 6.

Updated "AVR Memories” on page 16 included "Register Description” on page 21 and inserted
Figure 7-1 on page 17.

Updated "Register Description” on page 44.
Updated "System Control and Reset” on page 46.
Updated "Interrupts” on page 57.

Updated "External Interrupts” on page 70.

Updated "Boot Loader Support — Read-While-Write Self-Programming, ATmega88PA,
ATmegai168PA and ATmega328P” on page 277.

Inserted "ATmega168PA DC Characteristics” on page 315.
Inserted "ATmega328P DC Characteristics” on page 316.
Inserted "ATmega168PA Typical Characteristics” on page 375.
Inserted "ATmega328P Typical Characteristics” on page 399.
Inserted Ordering Information for "ATmega168PA” on page 432.
Inserted Ordering Information for "ATmega328P” on page 433.
Inserted "Errata ATmega328P” on page 438.

Editing updates.

Updated "Features” on page 1 for ATmegad48PA and updated the book accordingly.
Updated "Overview” on page 5 included the Table 2-1 on page 6.

Updated "AVR Memories” on page 16 included "Register Description” on page 21 and inserted
Figure 7-1 on page 17.

Updated "Register Description” on page 44.

Updated "System Control and Reset” on page 46.

Updated "Interrupts” on page 57.

Updated "External Interrupts” on page 70.

Inserted Typical characteristics for "ATmega48PA Typical Characteristics” on page 327.

Updated figure names in Typical characteristics for "ATmega88PA Typical Character-
istics” on page 351.
Inserted "ATmega48PA DC Characteristics” on page 314.

ATMEL 2
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10.3 Rev.8161A - 11/08

8161CS-AVR-05/09

Updated Table 28-1 on page 317 by removing the footnote from Vec/User calibration

Updated Table 28-7 on page 323 by removing Max value (2.5 LSB) from Absolute
accuracy, Vger = 4V, Ve = 4V, ADC clock = 200 kHz.
Inserted Ordering Information for "ATmega48PA” on page 430.

Initial revision (Based on the ATmega48P/88P/168P/328P datasheet 8025F-AVR-08/08).
Changes done compared to ATmega48P/88P/168P/328P datasheet 8025F-AVR-08/08:
— Updated "DC Characteristics” on page 313 with new typical values for I,
— Updated "Speed Grades” on page 316.

— New graphics in "Typical Characteristics” on page 326.
— New "Ordering Information” on page 430.

ATMEL 25
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FAIRCHILD

SEMICONDUCTOR®

LM78XX/LM78XXA

Features
H Output Current up to 1A

B Thermal Overload Protection
B Short Circuit Protection

B Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24

B Output Transistor Safe Operating Area Protection

3-Terminal 1A Positive Voltage Regulator

General Description

The LM78XX series of three terminal positive regulators
are available in the TO-220 package and with several
fixed output voltages, making them useful in a wide
range of applications. Each type employs internal current
limiting, thermal shut down and safe operating area pro-
tection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external com-
ponents to obtain adjustable voltages and currents.

March 2008

Ordering Information

Product Number Output Voltage Tolerance

Package

Operating Temperature

LM7805CT
LM7806CT
LM7808CT
LM7809CT
LM7810CT
LM7812CT
LM7815CT
LM7818CT
LM7824CT

+4%

LM7805ACT
LM7806ACT
LM7808ACT
LM7809ACT
LM7810ACT
LM7812ACT
LM7815ACT
LM7818ACT
LM7824ACT

+2%

TO-220

-40°C to +125°C

0°C to +125°C

©2006 Fairchild Semiconductor Corporation
LM78XX/LM78XXA Rev. 1.0

www.fairchildsemi.com
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Block Diagram
Input Series Pass Output
O Element %)
1 3
Current SOA
Generator Protection <7
J P
Starting | | Reference Error
Circuit Voltage Amplifier
Thermal g
Protection
GND
@ Q
2
Figure 1.
Pin Assignment
TO-220
GND
f?'
1. Input
1 2. GND
3. Output
Figure 2.

Absolute Maximum Ratings

Absolute maximum ratings are those values beyond which damage to the device may occur. The datasheet
specifications should be met, without exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. Fairchild does not recommend operation outside datasheet

specifications.

Symbol Parameter Value Unit
7 Input Voltage Vo=5Vto 18V 35 \'
Vo =24V 40 \

Raic Thermal Resistance Junction-Cases (TO-220) 5 °C/W

Roua Thermal Resistance Junction-Air (TO-220) 65 °C/W
ToPR Operating Temperature LM78xx -40 to +125 k)

Range LM78xxA 0to+125

Tsta Storage Temperature Range -65 to +150 °C

LM78XX/LM78XXA Rev. 1.0

www fairchildsemi.com
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Electrical Characteristics (LM7805)
Refer to the test circuits. -40°C < T; < 125°C, I = 500mA, V| = 10V, C| = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 4.8 5.0 5.2 \
BmA <lg < 1A, Po <15W, 4.75 5.0 5.25
V| =7Vto 20V
Regline |Line Regulation(" Ty=+425°C |Vp =7V to25V - 4.0 100 mv
V| =8Vtoi2v - 1.6 50.0
Regload |Load Regulation(" Ty=425°C |lgp=5mAto 1.5A - 9.0 100 mv
lo = 250mA to 750mA - 4.0 50.0
lq Quiescent Current Ty=+25°C s 5.0 8.0 mA
Alg Quiescent Current Change | Ig = 5mAto 1A = 0.03 0.5 mA
V=7V to 25V - 0.3 1.3
AV/AT | Output Voltage Drift(® lo = 5mA - 0.8 - mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ta = +25°C - 42.0 - WV
RR Ripple Rejection(® f=120Hz, Vo =8V to 18V 62.0 73.0 - dB
Vprop |Dropout Voltage lo=1A, T j=+25°C = 2.0 = \
o Output Resistance® f=1kHz - 15.0 - mo
Isc Short Circuit Current V=35V, Ty =+25°C - 230 = mA
lpk | Peak Current® T,=+25°C ~ 2.2 - A

Notes:

1. Load and line regulation are specified at constant junction temperature. Changes in V5 due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

2. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0

www fairchildsemi.com
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Electrical Characteristics (LM7806) (Continued)
Refer to the test circuits. -40°C < T < 125°C, | = 500mA, V| = 11V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min Typ. Max. Unit
Vo Output Voltage Ty =+25°C 5.5 6.0 6:25 \'4
5MA <l < 1A, Po <15W, B.7 6.0 6.3
V) =8.0Vto 21V
Regline |Line Regulation(® Ty=+25°C |V|=8Vto25V - 5.0 120 mv
Vi=9Vto 13V — 1.5 60.0
Regload | Load Regulation(® Ty=+425°C |lgp=5mAto 1.5A - 9.0 120 mv
lo =250mA to 750mA = 3.0 60.0
la Quiescent Current Ty=+25°C = 5.0 8.0 mA
Alg Quiescent Current lo=5mAto 1A - - 0.5 mA
Gtignge V=8V 10 25V - - 13
AV/AT | Output Voltage Drift4 lo =5mA = -0.8 = mv/°C
VN Output Noise Voltage | f=10Hz to 100kHz, Ty = +25°C — 45.0 = WNg
RR | Ripple Rejection® f=120Hz, Vo = 8V to 18V 62.0 73.0 - dB
Vprop | Dropout Voltage lo=1A, T = +25°C - 2.0 - \
o | Output Resistancel® |f=1kHz = 19.0 = ma
lsc | Short Circuit Current |V, = 35V, Ty = +25°C - 250 - mA
lpk | Peak Current® T, = +25°C - 22 - A
Notes:

3. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

4. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0

www fairchildsemi.com
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Electrical Characteristics (LM7808) (Continued)
Refer to the test circuits. -40°C < T < 125°C, I = 500mA, V| = 14V, C, = 0.33uF, Cp = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 7.7 8.0 8.3 \
5mA <l < 1A, Po < 15W, 7.6 8.0 8.4
V;=10.5V to 23V
Regline |Line Regulation(® T;=+25°C |V, =105V to 25V - 5.0 160 mv
Vi =11.5Vto 17V - 2.0 80.0
Regload | Load Regulation(® T)=+25°C |lg=5mAto 1.5A = 10.0 160 mv
lo = 250mA to 750mA = 5.0 80.0
la Quiescent Current Ty=+25°C = 5.0 8.0 mA
Alg Quiescent Current Change |lp=5mAto 1A = 0.05 0.5 mA
V), =10.5V to 25V - 0.5 1.0
AV/AT | Output Voltage Drift®) lo=5mA = -0.8 = mv/eC
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 52.0 - IR/
RR |Ripple Rejection(® f=120Hz, Vg = 115V to 21.5V 56.0 73.0 = dB
Vprop | Dropout Voltage lo=1A, Ty=+25°C - 2.0 - v
fo |Output Resistance®) f=1kHz = 17.0 & mo
lsc | Short Circuit Current V| =35V, Ty = +25°C = 230 = mA
Ipk Peak Current® Ty =+25°C = 2.2 . A

Notes:

5. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

6. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0

www _fairchildsemi.com
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Electrical Characteristics (LM7809) (Continued)
Refer to the test circuits. -40°C < T < 125°C, g = 500mA, V| = 15V, C| = 0.33uF, Cg = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo QOutput Voltage Ty=+25°C 8.65 9.0 9.35 \4
SMA <lg <1A, Po <15W, 8.6 9.0 9.4
Vi=11.5Vto 24V
Regline | Line Regulation®” T, =+25°C |V, =11.5V to 25V - 6.0 180 mv
Vi=12Vto 17V - 2.0 90.0
Regload | Load Regulation(” T;=+25C |lg=5mAto 1.5A = 12.0 180 mv
lo = 250mA to 750mA = 4.0 90.0
la Quiescent Current Ty=+25C = 5.0 8.0 mA
Alg Quiescent Current Change | lo = 5mA to 1A = = 0.5 mA
Vi =11.5Vto 26V - - 1.3
AVG/AT | Output Voltage Drift®) lo=5mA = -1.0 = mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 58.0 — wiVo
RR |Ripple Rejection® f=120Hz, Vg = 13V to 23V 56.0 71.0 = dB
Vprop | Dropout Voltage lo=1A, Ty =+25°C - 2.0 - \
o Output Resistance(® f=1kHz = 17.0 = mQ
lsc Short Circuit Current V=35V, Ty = +25°C - 250 = mA
lpk | Peak Current(® T, =+25°C - 2.2 - A

Notes:

7. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

8. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0

www fairchildsemi.com
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Electrical Characteristics (LM7810) (Continued)
Refer to the test circuits. -40°C < T < 125°C, I = 500mA, V| = 16V, C| = 0.33uF, Cp = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty =+25°C 9.6 10.0 10.4 A
SMA <lg < 1A, Po < 15W, 9.5 10.0 10.5
V|=12.5V to 25V
Regline |Line Regulation® T;=+25°C |V =125V to 25V = 10.0 | 200 mv
V=13V to 25V — 3.0 100
Regload || oad Regulation®® T;=+25°C |lo=5mAto 1.5A = 120 | 200 mv
lo = 250mA to 750mA - 4.0 400
la Quiescent Current Ty=+25°C = 541 8.0 mA
Alq  |Quiescent Current Change | lo =5mA to 1A - - 0.5 mA
V|=12.5V to 29V - - 1.0
AVQ/AT | Output Voltage Drift(1%) lo =5mA - -1.0 - mv/°C
VN Qutput Noise Voltage f=10Hz to 100kHz, Ty = +25°C = 58.0 = WVg
RR  |Ripple Rejection(1? f = 120Hz, Vg = 13V t0 23V 56.0 | 71.0 = dB
Vprop | Dropout Voltage lo=1A, T ;=+25°C = 2.0 = Vv
'o  |Output Resistance('?) f=1kHz - 17.0 - mo
Isc Short Circuit Current V=35V, Ty =+25°C = 250 = mA
lpk | Peak Current(1? Ty=+25°C = 22 = A

Notes:

9. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

10. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7812) (Continued)
Refer to the test circuits. -40°C < T < 125°C, | = 500mA, V| = 19V, C| = 0.33uF, Cp = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 11.5 12.0 12:5 \4
SMA <lp < 1A, Po < 15W, 11.4 12.0 12.6
V| =145V to 27V
Regline | Line Regulation('" Ty =+25°C |V, =14.5V to 30V - 10.0 240 mvV
V=16V to 22V - 3.0 120
Regload |Load Regulation{!" T;=+25°C |lg=5mAto 1.5A - 11.0 240 mv
lo = 250mA to 750mA - 5.0 120
lq Quiescent Current Ty=+25°C = 51 8.0 mA
Alg Quiescent Current Change | lo = 5mA to 1A - 0.1 0.5 mA
V| =14.5V to 30V = 0.5 1.0
AV/AT | Output Voltage Drift(1? lo=5mA = -1.0 = mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 76.0 - [OZAVSY
RR  |Ripple Rejection('? f=120Hz, V, = 15V to 25V 55.0 71.0 = dB
Vprop | Dropout Voltage lo=1A, Ty =+25°C - 2.0 - A
o Output Resistance('? f=1kHz = 18.0 = mo
lsc | Short Circuit Current V| =85V, T = +25°C - 230 - mA
lpk | Peak Current(12 T)=+25°C - 2.2 - A

Notes:

11. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

12. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7815) (Continued)
Refer to the test circuits. -40°C < T; < 125°C, I = 500mA, V| = 23V, C| = 0.33uF, Cp = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 14.4 15.0 15.6 \'4
5mA <lg<1A Pg < 15W, 14.25 15.0 15.75
V) =17.5V to 30V
Regline |Line F{egulation(1 3) Ty=+25°C |V|=17.5V to 30V = 11.0 300 mv
V| =20V to 26V = 3.0 150
Regload |Load Regulation('® Ty=+25°C |lg=5mAto 1.5A - 12.0 300 mv
lo =250mA to 750mA = 4.0 150
lq Quiescent Current Ty=+25°C = 5.2 8.0 mA
Alg Quiescent Current Change |lg=5mA to 1A = - 0.5 mA
V), =17.5V to 30V - - 1.0
AVG/AT |Output Voltage Drift14) lo=5mA - -1.0 - mv/°C
VN QOutput Noise Voltage f=10Hz to 100kHz, Ta = +25°C — 90.0 = WiV
RR |Ripple Rejection(’¥ f=120Hz, V| = 18.5V t0 28,5V 54.0 70.0 = dB
Vprop | Dropout Voltage lo=1A, T =+25°C . 2.0 - v
o  |Output Resistance('¥) f=1kHz - 19.0 - mQ
lsc  |Short Circuit Current V| =35V, Ty = +25°C = 250 - mA
lpk | Peak Current(!4 T =+25°C - 2.2 - A
Notes:

13. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

14. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7818) (Continued)
Refer to the test circuits. -40°C < T < 125°C, | = 500mA, V| = 27V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 17.3 18.0 18.7 \
5mA <l < 1A Po < 15W, 171 18.0 18.9
V=21V to 33V
Regline | Line Regulation('® T)=+25°C |V, =21V to 33V = 15.0 360 mv
V| =24V to 30V - 5.0 180
Regload | Load Regulation(1®) Ty=+25°C |lgp=5mAto 1.5A - 15.0 360 mv
lo = 250mA to 750mA - 50 180
la Quiescent Current Ty=+25°C - 5.2 8.0 mA
Alg Quiescent Current Change | lo = 5mA to 1A = - 0.5 mA
V=21V to 33V - - 1.0
AV/AT | Output Voltage Drift(1®) lo=5mA = -1.0 = mv/°c
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 110 - [IV/AV/SY
RR |Ripple Rejection(1® f=120Hz, V, = 22V to 32V 53.0 69.0 = dB
Vprop | Dropout Voltage lo=1A, Ty =+25°C - 2.0 - \
ro | Output Resistance('®) f=1kHz = 22.0 = mQ
lsc Short Circuit Current V| =35V, Ty = +25°C - 250 - mA
lpk | Peak Current(®) T;=+25°C - 2.2 - A

Notes:

15. Load and line regulation are specified at constant junction temperature. Changes in Vp due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

16. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7824) (Continued)
Refer to the test circuits. -40°C < T; < 125°C, | = 500mA, V| = 33V, C| = 0.33uF, Cp = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo  |OutputVoltage Ty =+25°C 23.0 24,0 25.0 Y
5mA <lg < 1A, Po < 15W, 22.8 24,0 | 2525
V) =27V to 38V
Regline |Line Regulation(!”) T, =+25°C |V,=27Vto38V - 17.0 480 mv
V)= 30V to 36V - 6.0 240
Regload | Load Regulation('”) Ty=425°C |lg=5mAto 1.5A - 15.0 480 mv
lo = 250mA to 750mA - 5.0 240
lg |Quiescent Current T =+25°C - 5.2 8.0 mA
Alq  |Quiescent Current Change |lo = 5mA to 1A - 0.1 0.5 mA
V=27V to 38V - 0.5 1.0
AV/AT | Output Voltage Drift('8) lo=5mA = 1.5 = mv/°c
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 60.0 - [IAVAVSY
RR |Ripple Rejection('® f=120Hz, V, =28V to 38V 50.0 67.0 = dB
Vprop | Dropout Voltage lo=1A, Ty =+25°C - 2.0 - A
rO | Output Resistance(18) f=1kHz = 28.0 = ma
lsc Short Circuit Current V) =35V, Ty = +25°C - 230 = mA
lpk | Peak Current(1®) T, =+25C - 2.2 - A
Notes:

17. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

18. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (LM7805A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, lg = 1A, V| = 10V, C| = 0.33uF, C = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty=+25°C 4.9 5.0 84 \
lo=5mAto 1A, Po < 15W, 4.8 5.0 b2
V| =7.5V to 20V
Regline |Line Regulation(1®) V| =7.5V to 25V, I = 500mA - 50 50.0 mv
Vi=8Vto 12V = 3.0 50.0
Ty=+25°C V| =7.3Vto 20V - 50 50.0
Vi=8Vto 12V = 1.5 250
Regload |Load Regulation{'® [T, =425°C, |5 =5mAto 1.5A = 9.0 100 mv
lo=5mAto 1A - 9.0 100
lo = 250mA to 750mA - 4.0 50.0
la Quiescent Current T;=+25°C = 5.0 6.0 mA
Alg Quiescent Current lo=5mAto 1A = = 0.5 mA
cnange V= 8V 10 25V, o = 500mA - - 0.8
V=75V to 20V, T; = +25°C - - 0.8
AVQ/AT | Output Voltage Drift??) | |5 =5mA - 0.8 - mv/°c
VN Output Noise Voltage | f = 10Hz to 100kHz, Ty = +25°C - 10.0 - [IAV/AV/SY
RR  |Ripple Rejection®? | = 120Hz, I = 500mA, V| = 8V to 18V - 68.0 — dB
Vprop | Dropout Voltage lo=1A, T = +25°C - 2.0 - A
fo  |Output Resistance®® |f=1kHz - 17.0 - maQ
Isc Short Circuit Current V=35V, Th =+25°C - 250 - mA
lpk | Peak Current(20) T, =+25°C = 22 - A

Notes:

19. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must

loje|nbBay abe}|op aAllIsOd V| [eulwial-¢ YXXS8LINT/XXSLINT

be taken into account separately. Pulse testing with low duty is used.
20. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (LM7806A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, Ig = 1A, V| = 11V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vo Output Voltage Ty=+25°C 5.58 6.0 6.12 \
lo =5mAto 1A, Po < 15W, 576 6.0 6.24
V| =8.6Vto 21V
Regline | Line Regulation(2" V)= 8.6V to 25V, |5 = 500mA - 5.0 60.0 mv
Vi=9Vito 13V = 3.0 60.0
Ty=+25°C |V|=83Vto21V - 5.0 60.0
Vi=9Vto 13V - 1.5 30.0
Regload |Load Regulationt!) T,=+25°C, Io = 5mA to 1.5A - 9.0 100 | mv
lo=5mAto 1A - 9.0 100
lo =250mA to 750mA = 5.0 50.0
lq Quiescent Current Ty=+25°C - 4.3 6.0 mA
Alg Quiescent Current Change | lg =5mA to 1A = = 0.5 mA
V=19V to 25V, | = 500mA - - 0.8
V|=8.5Vto 21V, T = +25°C - - 0.8
AVo/AT | Output Voltage Drift22) lo =5mA = 0.8 - | mvrc
Vn Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 10.0 - WNg
RR |Ripple Rejection(2?) f=120Hz, I = 500mA, V;= 9V to 19V| — 65.0 - dB
Vprop | Dropout Voltage lo=1A, T =+25°C - 2.0 - \
fo  |Output Resistance(?? f=1kHz - 17.0 - mao
lsc | Short Circuit Current V) =35V, Ty = +25°C - 250 - mA
lpk | Peak Current(2? T, =+25°C = 2.2 = A
Notes:

21. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

22. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (LM7810A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, Ig = 1A, V|, = 16V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo Output Voltage Ty=+25°C 9.8 10.0 10.2 \
lo=5mAto 1A, Po < 15W, 9.6 10.0 10.4
V| =12.8Vto 25V
Regline | Line Regulation(”) V| =12.8V to 26V, |g = 500mA - 8.0 100 mvV
V| =13V to 20V = 4.0 50.0
Ty=+25°C V=125V to 25V - 8.0 100
V=13V to 20V - 3.0 50.0
Regload |Load Regulation®”) | T,=4+25°C, I = 5mA to 1.5A - 12.0 100 mv
lo=5mAto 1A - 12.0 100
lo =250mA to 750mA - 5.0 50.0
la Quiescent Current Ty =+25°C = 5.0 6.0 mA
Alg Quiescent Current lo=5mAto 1A - = 0.5 mA
Change V| =12.8V to 25V, I = 500mA - . 0.8
V=13V to 26V, T, = +25°C - - 0.5
AVG/AT | Output Voltage Drift28) || = 5mA - -1.0 - mv/°C
Vn Output Noise Voltage |f = 10Hz to 100kHz, Ty = +25°C - 10.0 - wiVe
RR  |Ripple Rejection®®®)  |f=120Hz, 15 =500mA,V,=14Vto24V| — 62.0 = dB
Vprop | Dropout Voltage lo=1A, Ty =+25°C - 2.0 - \
fo  |Output Resistance(®® |f = 1kHz - 17.0 - mao
lsc | Short Circuit Current |V, =35V, T, = +25°C - 250 - mA
lpk | Peak Current(@8) T, =+25°C - 29 = A
Notes:

27. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

28. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (LM7812A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, Ig = 1A, V| = 19V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo Output Voltage Ty=+25°C 11.75 12.0 12.25 \
lo=5mAto 1A, Po < 15W, 11.5 12.0 12.5
V)= 14.8V to 27V
Regline |Line Regulation@® V= 14.8V to 30V, |g = 500mA - 10.0 120 mv
V=16V to 22V = 4.0 120
Ty=+425°C |V|=14.5Vto 27V - 10.0 120
V=16V to 22V - 3.0 60.0
Regload | Load Regulation®® T, =+25°, lo =5mA to 1.5A - 12.0 100 mv
lo=5mAto 1A - 12.0 100
lo =250mA to 750mA = 5.0 50.0
la Quiescent Current Ty =+25°C = 5.1 6.0 mA
Alg Quiescent Current Change | lp = 5mAto 1A e = 0.5 mA
V=14V to 27V, |g = 500mA - - 0.8
V=15V to 30V, T; = +25°C - - 0.8
AVQ/AT | Output Voltage Drift(3) lo=5mA - -1.0 = mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 10.0 - wWiVg
RR Ripple Rejection(3? f=120Hz, I = 500maA, - 60.0 = dB
V=14V to 24V
Vprop | Dropout Voltage lo=1A, T;=+25°C - 2.0 - Vv
fo Output Resistance(®) f=1kHz - 18.0 - mQ
Isc Short Circuit Current V=35V, Ty =+25°C = 250 E mA
lpk | Peak Current(39) T, =+25°C = ) = A
Note:

29. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.
30. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (LM7815A) (Continued)

Refer to the test circuits. 0°C < T; < 125°C, I = 1A, V| = 23V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo Output Voltage Ty=+25°C 14.75 15.0 15.3 \4
lo =5mAto 1A, Pg < 15W, 14.4 15.0 15.6
V=177V to 30V
Regline | Line Regulation®" V| =17.4V to 30V, I = 500mA - 10.0 150 mv
V) =20V to 26V = 5.0 150
Ty=+25°C |V, =17.5V to 30V - 11.0 150
V=20V to 26V - 3.0 75.0
Regload |Load Regulation(®") Ty=+25°, o = 5mA to 1.5A = 12.0 100 mv
lo=5mAto 1A - 12.0 100
lo =250mA to 750mA = 5.0 50.0
la Quiescent Current T;=+25°C = 52 6.0 mA
Alg Quiescent Current Change | lo = 5mA to 1A - = 0.5 mA
V| =17.5V to 30V, Io = 500mA - — 0.8
V| =17.5V to 30V, T = +25°C - - 0.8
AVG/AT | Output Voltage Drift®2) |15 = 5mA - -1.0 - mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C = 10.0 = [IA/AV/SY
RR Ripple Rejection(32 f = 120Hz, I = 500mA, - 58.0 - dB
V| =18.5Vt0 28.5V
Vppop | Dropout Voltage lo=1A, Tj=+25°C - 2.0 - \
o Output Resistance(3?) f=1kHz - 19.0 - ma
Isc Short Circuit Current V| =35V, Ty = +25°C b 250 = mA
lpk | Peak Current(32 Ty=+25°C = 2.2 = A
Notes:

31. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must

be taken into account separately. Pulse testing with low duty is used.
32. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7818A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, lg = 1A, V| =27V, C; = 0.33uF, C = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo Output Voltage Ty=+425°C 17.64 18.0 18.36 A4
lo=5mAto 1A, Po < 15W, 17.3 18.0 187
V=21V to 33V
Regline | Line Regulation3® V=21V to 33V, I = 500mA — 15.0 180 mv
V=21V 1o 33V = 5.0 180
Ty=+25°C |V|=20.6V to 33V - 15.0 180
V) =24V to 30V - 5.0 90.0
Regload |Load Regulation(®® Ty =+25°C, |o=5mAto 1.5A = 15.0 100 mv
lo=5mAto 1A - 15.0 100
lo = 250mA to 750mA = 7.0 50.0
lq Quiescent Current Ty=+25°C - 52 6.0 mA
Alg Quiescent Current Change |lp=5mAto 1A = - 0.5 mA
V) =12V to 33V, Ig = 500mA — - 0.8
V=12V 1o 33V, T; = +25°C - - 0.8
AVQ/AT | Output Voltage Drift(34) lo=5mA - -1.0 - mv/°C
VN Output Noise Voltage f=10Hz to 100kHz, Ta = +25°C = 10.0 = wiNg
RR |Ripple Rejection(34 f = 120Hz, | = 500mA, — 57.0 — dB
V) =22V to 32V
Vprop | Dropout Voltage lo=1A, T;=+25°C - 2.0 - \
fo Output Resistance(®4 f=1kHz - 19.0 - mao
Isc Short Circuit Current V=35V, Ty =+25°C = 250 - mA
lpk | Peak Current(34 Ty=+25°C = 2.2 = A
Notes:

33. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

34. These parameters, although guaranteed, are not 100% tested in production.

LM78XX/LM78XXA Rev. 1.0
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Electrical Characteristics (LM7824A) (Continued)
Refer to the test circuits. 0°C < T; < 125°C, 1o = 1A, V| = 33V, C| = 0.33uF, Co = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Units
Vo Output Voltage Ty=+25°C 23.5 24.0 245 Vv
lo=5mAto 1A, Po < 15W, 23.0 24.0 25.0
V), =27.3V to 38V
Regline |Line Regulation(®% V) =27V to 38V, o = 500mA - 18.0 240 mv
V=21V to 33V - 6.0 240
Ty=+25°C V| =26.7V to 38V - 18.0 240
V| =30V to 36V - 6.0 120
Regload |Load Regulation(3%) T;=+25°, Ig=5mAto 1.5A - 15.0 100 mv
lo=5mAto 1A - 15.0 100
lo = 250mA to 750mA - 7.0 50.0
lq Quiescent Current T;=+25C — 5.2 6.0 mA
Alg Quiescent Current Change |lg = 5mA to 1A - - 0.5 mA
V) =27.3V t0 38V, |o = 500mA - - 0.8
V) =27.3V1038V, T = +25°C - = 0.8
AVQ/AT | Output Voltage Drift(3®) lo=5mA — 1.5 - | mvrec
VN Output Noise Voltage f=10Hz to 100kHz, Tp = +25°C = 10.0 = uwig
RR Ripple Rejection(®® f=120Hz, | = 500mA, — 54.0 — dB
V) =28V to 38V
Vprop | Dropout Voltage lo=1A, T;=+25C - 2.0 - \
o Output Resistance(®®) f=1kHz - 20.0 - mQ
Isc Short Circuit Current V| =358V, Ty = +25°C = 250 = mA
lpk Peak Current(3®) T =+25°C - 2.2 = A
Notes:

35. Load and line regulation are specified at constant junction temperature. Changes in Vg due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

36. These parameters, although guaranteed, are not 100% tested in production.
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Typical Performance Characteristics
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Typical Applications
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Figure 7. DC Parameters
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Figure 8. Load Regulation
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Figure 9. Ripple Rejection
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LM78XX
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Input Output
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Figure 10. Fixed Output Regulator
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LM78XX
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1o X

0= Ry +lg

Notes:

1. To specify an output voltage, substitute voltage value for “XX." A common ground is required between the input and the
output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input

ripple voltage.
2. C is required if regulator is located an appreciable distance from power supply filter.
3. Cpimproves stability and transient response.

Output
0

Figure 11.
3
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Figure 12. Circuit for Increasing Output Voltage
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Figure 13. Adjustable Output Regulator (7V to 30V)
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Figure 15. High Output Current with Short Circuit Protection

LM78XX/LM78XXA Rev. 1.0

24

www fairchildsemi.com

loje|nBay abe}|op aAnISOd VI [eulwial-¢ YXXSLINT/XXSLINT

81



1 3
O LM78XX O
v, l Vi

B 2
T 0.33pF 0'1IJFT 24‘7KQ
L COMMON
COMMON - A2
6

S ¢

SN’
Vin TIP42 Vo

=
o)

Figure 16. Tracking Voltage Regulator
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Figure 17. Split Power Supply (x15V - 1A)
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Figure 18. Negative Output Voltage Circuit
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not
intended to be an exhaustive list of all such trademarks.

ACEx™ FAST® ISOPLANAR™ PowerEdge™ SuperFET™
ActiveArray™ FAST™ LittleFET™ PowerSaver™ SuperSOT™-3
Bottomless™ FPS™ MICROCOUPLER™ PowerTrench® SuperSOT™-6
Build it Now™ EREETM MicroFET™ QFET® SuperSOT™-8
CoolFET™ GlobalOptoisolator™ MicroPak™ Qs™ SyncFET™
CROSSYOLT™ GTOM™ MICROWIRE™ QT Optoelectronics™ TCM™
DOME™ HiSeC™ MSX™ Quiet Series™ TinyLogic®
EcoSPARK™ [PC™ MSXPro™ RapidConfigure™ TINYOPTO™
E2CMOS™ i-Lo™ OCX™ RapidConnect™ TruTranslation™
EnSigna™ ImpliedDisconnect™ OCXPro™ uSerDes™ UHC™
FACT™ IntelliMAX™ OPTOLOGIC® ScalarPump™ UniFET™
FACT Quiet Series™ OPTOPLANAR™ SILENT SWITCHER® UltraFET®
Across the board. Around the world. ™ PACMANT SMART START™ VCX™

The Power Franchise® POP™ SPM™ Wire™
Programmable Active Droop™ Power247™ Stealth™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT EXPAND THE TERMS OF FAIRCHILDIS WORLDWIDE TERMS AND CONDITIONS,
SPECIFICALLY THE WARRANTY THEREIN, WHICH COVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILDIS PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, or (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.
provided in the labeling, can be reasonably expected to

result in significant injury to the user.

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or In This datasheet contains the design specifications for
Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Rev. 119
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Carbon Film Fixed Resistors (RoHS Compliant)

CF-R

C Series

B FEATURES

+ Temperature Range -55°C ~ +155°C
+ 5% tolerance
+ High quality performance at economical prices
+ Compatible with automatic insertion equipment
« Flame retardant type available

+ Tin coated annealed copper wire
+ Values below 1Q or above 10MQ are available by special request, please ask for details
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B SERIES, WATTAGE, SIZE, VOLTAGE, DIVENSIONS, AND AVAILABLE PACKAGING

+.Og-v05 3y Code: Package:
. N Buk
f g /REEL Tape and Reel
H =3 H 23 D JAP Ammgo Pack
— Watts Size Voltage (max.) Dimensions (mm) Standard Quantities Available
WV OV L max. D max. H d Bulk Tape and Reel | Ammo Pack
294 1w Small 500 1,000 12 5.0 28 0.7 1,000 3,000 1,000
299 1/8W | Standard 200 400 3.5 1.85 28 0.45 1,000 5,000 2,000
291 1/4W | Standard 250 500 6.8 2.5 28 0.54 1,000 5,000 1,000
293 1/2w | Standard 350 700 10 3.5 28 0.54 1,000 3,000 1,000
B STANDARD VALUES (Q)
05 | 20 | 43 | o1 20 43 g1 | 200 | 430 | 910 | 2K | 39K [8.2K | 18K | 39K | 82K | 180K | 390K | 820K | 1.8M | 3.9M | 8.2M
1.0 | 22 | 47 | 10 | 22 47 | 100 | 220 | 470 | 1K | 2.2K | 43K | 8.1K [ 20K | 43K | 81K | 200K | 430K [ 910K | 2M |4.3M [9.1M
1.1 | 24 | 51 11 24 51 110 | 240 | 510 | 11K | 24K | 4.7K | 10K | 22K | 47K | 100K | 220K | 470K | 1M | 2.2M | 4.7M | 10M
1.2 | 27 | 56 | 12 | 27 56 | 120 | 270 | 660 | 1.2K | 2.7K | 51K | 11K [ 24 K | 51K | 110K | 240K | 510K [ 1.1M [ 2.4M | 5.1M | 15M
1.3 | 30|62 | 13 | 30 62 | 130 | 300 | 620 |1.3K | 3K | 56K | 12K | 27K | 56K | 120K | 270K | 560K | 1.2M | 2.7M | 5.6M | 22M
1.5 | 33 | 68 | 156 | 33 68 | 150 | 330 | 680 | 1.5K | 3.2K | 6.2K | 13K | 30K | 62K | 130K | 300K | 620K | 1.3M | 3M |6.2M
1.6 | 36 | 76 | 16 | 36 75 | 160 | 360 | 750 | 1.6K | 3.3K | 6.8K | 15K | 33K | 68K | 150K | 330K | 680K | 1.5M | 3.3M | 6.8M
1.8 | 39 [ 82 | 18 | 38 82 | 180 | 380 | 820 | 1.8K | 3.6K | 7.5K | 16K | 36K | 75K | 160K | 360K | 750K | 1.6M | 3.6M | 7.5M

XICON PASSIVE COMPONENTS « ARLINGTON, TX 76003 - www.xicon-passive.com « (800) 628-0544
XC-600035

Date Revised: 6/8/09
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Carbon Film Fixed Resistors (RoHS Compliant)

CF-RC Series

B CHARACTERISTICS

Characteristics

Limits

Test Methods ( JIS C 5201-1)

DC. Resistance

Must be within the specified
tolerance.

5.1 The limit of error of measuring apparatus
shall not exceed allowable range or 5% of
resistance tolerance

Resist. Range

T.C.R. (PPM /°C)

5.2 Natural resistance change per temp.
degree centigrade.

Temperature <10Q 0 ~ %350 R2-R1
coefficient 11Q ~ 99K 0 ~-450 x106 (PPM/°C)
100K ~ 1M 0 ~-700 Ri(t2-t1)
1.1M ~ 10M 0 ~-1500 R1: Resistance value at room temperature (t1)
Re2: Resistance value at room temp.plus 100°C (t2)
Resistance change rate is 5.5 Permanent resistance change after the
Short time + (1 % + 0.05Q) Max. with no application of a potential of 2.5 times RCWV
overload evidence of mechanical damage for 5 seconds.
5.6 Resistors shall be clamped in the trough of
Insulation Insulation resistance is a 90° metallic V-block and shall be tested at
Resistance 10,000 MQ Min DC potential respectively specified in the
above list for 60 +10/ -0 seconds.
Dielectric No evidence of flashover 5.7 Resistors shall be clamped in the trough
withstanding mechanical damage,arcing or of a 90° metallic V-block and shall be tested
voltage insulation break down. at AC potential respectively specified in the
table 1 for 60 + 10/-0 seconds.
6.1 Direct load
Resistance to a 2.5 kgs direct load for 10 secs.
in the direction of the longitudinal axis of the terminal leads.
Terminal No evidence of mechanical Twist test :
strength damage. Terminal leads shall be bent through 90° at a point of about

6mm from the body of the resistor and shall be rotated through 360°

about the original axis of the bent terminal in alternating direction
for a total of 3 rotations.

Resistance to
soldering heat

Resistance change rate is
+ (1% + 0.05Q) Max. with no
evidence of mechanical damage.

6.4 Permanent resistance change when leads
immersed to 3.2 to 4.8 mm from the body in
350 °C = 10°C solder for 3 = 0.5 seconds

6.5 The area covered with a hew , smooth
clean , shiny and continuous surface free

Solderability 95 % coverage Min. from concentrated pinholes.
Test temp. of solder : 245°C + 3°C
Dwell time in solder : 2 ~ 3 seconds
7.4 Resistance change after continuous
5 cycles for duty shown below:
Temperature Resistance change rate is Step Temperature Time
cycling + (1% + 0.05Q) Max. with no 1 -55°C +3°C 30 mins
evidence of mechanical damage. 2 Room temp. 10~15 mins
3 +155°C +2°C 30 mins
4 Room temp. 10~15 mins
Resistance value AR/R 7.9 Resistance change after 1,000 hours
Load life in operating at RCWV with duty cycle of
humidity Normal Type | < than 100KQ +3% (1.5 hours "on", 0.5 hour "off") in a humidity
>100KQ +5% test chamber controlled at 40°C + 2°C
and 90 to 95 % relative humidity
Resistance value AR/R 7.10 Permanent resistance change after
Load life 1,000 hours operating at RCWV with duty
Normal Type | < than 56KQ +2% cycle of (1.5 hours "on", 0.5 hour "off" ) at
> 56KQ +3% 70°C + 2°C ambient

XICON PASSIVE COMPONENTS - ARLINGTON, TX 76003 - www.xicon-passive.com * (800) 628-0544

XC-600035

Date Revised: 9/28/05
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I
FAIRCHILD
I

SEMICONDUCTOR®

BC546/547/548/549/550

Switching and Applications
+ High Voltage: BC546, Vcgo=65V

« Low Noise: BC549, BC550

» Complement to BC556 ... BC560

q
NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T,=25°C unless ctherwise noted

<

q TO-92
. Collector 2. Base 3. Emitter

Symbol Parameter Value Units
Veso Collector-Base Voltage : BC546 80 \%
: BC547/550 50 \%
- BC548/549 30 \%
Veeo Collector-Emitter Voltage : BC546 65 \%
: BC547/550 45 \%
- BC548/549 30 \%
VeBo Emitter-Base Voltage : BC546/547 6 V
: BC548/549/550 5 \%
le Collector Current (DC) 100 mA
Pc Collector Power Dissipation 500 mwW
T, Junction Temperature 150 °C
Ts1e Storage Temperature -65 ~ 150 °C
Electrical Characteristics T1,=25°C unless otherwise noted
Symbol Parameter Test Condition Min. Typ. Max. Units
lcBo Collector Cut-off Current V=30V, [g=0 15 nA
heg DC Current Gain Vee=5V, Ic=2mA 110 800
Ve (sat) | Collector-Emitter Saturation Voltage | 1c=10mA, Ig=0.5mA 90 250 mV
1c=100mA, Ig=5mA 200 600 mV
Vge(sat) | Base-Emitter Saturation Voltage lc=10mA, 1g=0.5mA 700 mV
c=100mA, Ig=5mA 900 mV
Vge(on) | Base-Emitter On Voltage V=5V, Ic=2mA 580 660 700 mV
Vee=5V, Ic=10mA 720 mV
fr Current Gain Bandwidth Product Vee=5Y, Ic=10mA, f=100MHz 300 MHz
Cob Output Capacitance Veg=10V, [g=0, f=1MHz 35 6 pF
Cib Input Capacitance Vgg=0.5V, |c=0, f=1MHz 9 pF
NF Noise Figure 1 BC546/547/548 Vee=5V, 1c=200uA 2 10 dB
: BC549/550 f=1KHz, Rg=2KQ 12 4 dB
: BC549 Vee=5V, 1c=200uA 1.4 4 dB
: BC550 Rg=2KQ, f=30~15000MHz 1.4 3 dB
hgg Classification
Classification A B C
heg 110 ~ 220 200 ~ 450 420 ~ 800

©2002 Fairchild Semiconductor Comporation

Rev. A2, August 2002
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Typical Characteristics
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Figure 1. Static Characteristic
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©2002 Fairchild Semiconductor Corporation

Rev. A2, August 2002
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Package Dimensions
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is not
intended to be an exhaustive list of all such trademarks.

ACEx™ FACT™ ImpliedDisconnect™ PACMANT™ SPM™
ActiveArray ™ FACT Quiet series™ |SOPLANAR™ PRpem Stealth™
Bottomless™ FAST® LittleFET™ Power247™ SuperSOT ™-3
CoolFET™ FASTI™ MicroFET ™ PowerTrench® SuperSOT ™-6
CROSSVOLT™ FRFET™ MicroPak™ QFET™ SuperSOT ™-8
DOME™ GlobalOptoisolator™ MICROWIRE™ Qs™ SyncFET™
EcoSPARK™ GTOo™ MSX™ QT Optoelectronics™  TinyLogic™
E2CMOS™ HiSeC™ MSXPro™ Quiet Series™ TruTranslation™
EnSigna™ |2c™ OCX™ RapidConfigure™ UHC™

Across the board. Around the world. ™  OCXPro™ RapidConnect™ UltraFET®
The Power Franchise™ OPTOLOGIC® SILENT SWITCHER® vCX™
Programmable Active Droop™ OPTOPLANAR™ SMART START™

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR
CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status

Definition

Advance Information Formative or In

This datasheet contains the design specifications for

Design product development. Specifications may change in
any manner without notice.
Preliminary First Production This datasheet contains preliminary data, and

supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

©2002 Fairchild Semiconductor Corporation

Rev. 11
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NOT RECOMMENDED FOR NEW DESIGN

1N4001 - 1N4007

1.0A RECTIFIER
Features
. Diffused Junction
o High Current Capability and Low Forward Voltage Drop | A | B | A |
o Surge Overload Rating to 30A Peak ‘ ] l_L ‘
. Low Reverse Leakage Current _L
o Lead Free Finish, RoHS Compliant (Note 3) O I — -
W o}
Mechanical Data .
" DO-41 Plastic
o Case: DO-41 Dim in Max
¢  Case Material: Molded Plastic. UL Flammability Classification A 25.40 —
Rating 94V-0 B 4.06 5.21
e  Moisture Sensitivity: Level 1 per J-STD-020D g ggg 02?7624
. Terminals: Finish - Bright Tin. Plated Leads Solderable per All Dimensions in mm

MIL-STD-202, Method 208
. Polarity: Cathode Band
. Ordering Information: See Page 2
. Marking: Type Number
. Weight: 0.30 grams (Approximate)

Maximum Ratings and Electrical Characteristics @T. = +25°C unless otherwise specified.)

Single phase, half waves60Hz, resistive or inductive [oad.
For capacitive.load, derate currentby 20%.

Characteristic Symbol [ 1N4001 | 1N4002 [ 1N4003 | 1N4004 | 1N4005 | 1N4006 | 1N4007 | Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRvwM 50 100 200 400 600 800 1000 Vv
DC Blocking Voltage Vi
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \
Average Rectified Output Current (Note 1) @ Ta =+75°C lo 1.0 A
an-Repetiti\{e Peak Forwarq Surge Current 8.3ms i 30 A
Single Half Sine-Wave Superimposed on Rated Load
Forward Voltage @ IF = 1.0A VEM 1.0 Vv
Peak Reverse Current @Ts = +25°C | 5.0
at Rated DC Blocking Voltage @ Ta = +100°C RM 50 pA
Typical Junction Capacitance (Note 2) Ci 15 8 pF
Typical Thermal Resistance Junction to Ambient Rg.a 100 KAV
Maximum DC Blocking Voltage Temperature Ta +150 °c
Operating and Storage Temperature Range T Tsto -65 to +150 tle:
Notes: 1. Leads maintained at ambient temperature at a distance of 9.5mm from the case.

2. Measured at 1.0 MHz and applied reverse voltage of 4.0V DC.
3. EU Directive 2002/95/EC (RoHS). All applicable RoHS exemptions applied, see EU Directive 2002/95/EC Annex Notes.

1N4001-1N4007 10f3 September 2014
Document number: DS28002 Rev. 9- 3 www.diodes.com © Diodes Incorporated
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NOT RECOMMENDED FOR NEW DESIGN
USE S1A-S1M series
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Ordering Information (note 4)
Device Packaging Shipping
1N4001-B DO-41 Plastic 1K/Bulk
1N4001-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4002-B DO-41 Plastic 1K/Bulk
1N4002-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4003-B DO-41 Plastic 1K/Bulk
1N4003-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4004-B DO-41 Plastic 1K/Bulk
1N4004-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4005-B DO-41 Plastic 1K/Bulk
1N4005-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4006-B DO-41 Plastic 1K/Bulk
1N4006-T DO-41 Plastic 5K/Tape & Reel, 13-inch
1N4007-B DO-41 Plastic 1K/Bulk
1N4007-T DO-41 Plastic 5K/Tape & Reel, 13-inch

Note:

1N4001-1N4007
Document number: DS28002 Rev.9-3

20f3

www.diodes.com

4. For packaging details, visit our website at http:/Avww.diodes.com/datasheets/ap02008.pdf.

September 2014

© Diodes Incorporated



NOT RECOMMENDED FOR NEW DESIGN
USE S1A-S1M series

I N CORPORATED

IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements limprovements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated:does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorperated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented.on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in‘'respect of.any products purchaséd through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against.all claims,.damages, expénsesand ‘attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such'unintended or unauthorized application.

Products described herein may be covered by one or more United Statespinternational or foreign, paténts pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for referenge. Only the English version of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not autherized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Riodes Incorporated./As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended toimplant into the body, or

2. support or.sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected toresult.in significant injury to the user.

B. A critical component is any component in alife support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are'solely responsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related
information or support that may beprovided by Diodes Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages ‘arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2014, Diodes Incorporated

www.diodes.com

1N4001-1N4007 30f3 September 2014
Document number: DS28002 Rev.9- 3 www.diodes.com ©Diodes Incorporated
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DEVIOTORS




Compact DC Motors

Japan Servo’s DC Miniature Motors are widely used in a
variety of application fields, from copiers and other office
equipment, to remote-controlled equipment, medical equip-
ment, vending machines, and game machines.

These motors may be combined with Japan Servo’s full
line of gearheads to meet a wide range of torque and output
speed specifications.

Japan Servo provides a practical and economic choice as
drive actuators. Strict quality control ensure reliable perfor-
mance as well as prompt delivery at reasonable price. Japan
Servo provides a full variation line-up of stock model and
customized design motors to best meet your specific appli-
cation needs.
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Series

Long life

- High quality

High output

Features Low noise

+ Long-life:

Intermittent operation

over 1 million cycles with

RoHS-compliant
optimized brush design*l >

» Continuous operating life of
3000 hours™

« High output: High heat dissipation
and heat resistance achieves higher
output

« High strength: High radial load capacity due
to robust construction, large diameter output
shaft and ball bearings

+ Low noise and increased insulation due to new resin
brush holders

+ Large selection of gear heads and reduction ratios are
available to meet all needs

+ Also available with magnetic revolution sensor and noise filz‘er*2

*I Differs depending on environment and application. Contact us for details. *2 Scheduled for release

April 2006.
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HLife time
DME25 DME33 DME34 DME37 DME44
DME Series
1000Hours 2000Hours
DMN29 DMN37
DMN Series
3000Hours 3000Hours

M Continuous Operation :

3% The motor life-time is dependent upon actual application conditions. Please consult us for more information.

HMBrush Wear Rate

HBrush Length

Spring force(g)
I:—l
== - DMN29
80 —¥—DME44
= =i | S
* ~ Qg |
40 il
i B DME33 an IDME44
2 T DME33—DMN29
" X . X ) 2.5mm—4.5mm 80%Increase
t 0 1 2 3 4 5 6 8
| Amount of brush wear-out (mm) | DME44—DMN37
| Less change in soring force | 5.0mm—7.0mm 40%Increase
g abili s%Brush Size (shown before use)

M DME25/33/34 => DMN29

Il DME37 => DMN37 l

| Noise (dBA) Il

50.0

40.0 —

30.0 —

A
~~

0.0

S [T —

H DMN29BB I

| Noise (dBA) I

50.0—

40.0—
30.0—
0.0

DME37JB DMN237JB
CW/CCW CW/CCW

By adoption of Resin Brush Holder, Noise reduced by 8dB
compared to DME25, 33, 34

By adoption of Resin Brush Holder, Noise reduced by 8dB

compared to DME37
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DMN29

®DIMENSIONS Unit mmiinzh)

_& %E

: N
(i.mmm;o
‘—U‘g—%\ﬂm
I T - %
L
®CURRENT, SPEED-TORQUE CURVE @ CONNECTION
LS 10 D 4 40 EBdn FEDH AL
! [t I R
0 Lo 2(
236 Shaf Team) _—
[P P [Py y‘_g& - =1
e =
o0 w0 gaan

o = mWsmswﬂm
[ S M - ——

®5TANDARD SPECIFICATIONS

Fatd T load Sl g

Mood [Cupatfidiege]  Torqee | Cument| Speed | Cument| Speed
w | v [mumlozin] & |mmin] & |mon

mhem | OZin

OMRZOBL) 20 12 72 | 141 | 042 | 3700 ) 007 | S000 | 20 | 417

B8

OMH29BE| 20 24 72 | 141 | 021 | 3P00 | 005 | S000 | 20 417




_MODELCODE VOLTAGE QUTPUT
SA 1 4 61V 7
SB 2400 46 37A
BA 12V 7. 2W HA
BB 247 772W A
@DIMENSIONS Unit mminch) ::E E" %
24V 147W 0043
L1 L2
| Modd my [ nory | gomy [ tnory
DMHATS 452 1.720 295 1.855
DMHATE 522 2,084 [ ) 1.270
MNK 522 2.231 S25 2067

]15 = u DMH3T) | 622 |22 | svs | 2254
bR A 45 L (1)
_i‘-i gé 17 WIEMAE i [

®CURRENT, SPEED-TORQUE CURME S®CONNECTION
OMH3TSA, DMH3TSE DMBA7BL, DMH3TEE
% 10 sl % 10 15 B REDHOUD R
R R P | PP - N O ¢
D et i S5 =t
E[E Jqu 4 N 2
! g'gm S N\g g z g, 2, L)
G |5 % s o 45 0
I T T
OMH3T KX, DMH3T KB DMBATJE
© @ 20NN 15 B 45Eh
ECTA - et I F1ef g2
2 oz JEefagd é°|% s
E ¢k ﬂ o E a
[ £ Je; Saeom
o Sl [S2 |
mr‘#g‘ﬁ» Do o & vgean
e "% - L T

@S5 TANDARD SPECIFICATIONS

Rakd Noload | Stl trge _

Mookl [Cuputfibtege]  Torque | Cumert| Speed [t [Spesd [ T 7] YeIT
w | v [mmm]ozin| & |rhin | & | i g [

MARSA| 46 | 12 | 92 | 129 | 07% | 4500 | 026 | s500 | 54 | 754 | 120 | 028

DMAREL] 72 | 12 | 1d7 | 22 | 101 | do00 | 025 | S500 | @2 | 1229 | 120 | 0.9
DMAREE] 72 | 24 | 1d7 | 202 | 052 | 4700 | 012 | 5500 | @@ | 1229 | 120 | 0.9
Eam] 92 | 12 | 245 | 2.0 | 120 | 2600 | 027 | ¢200 | 160 [2261] 210 | 0.5

EESBI 45 24 92 [ 129 | 0237 | 4900 | 042 | 9500 | S4 | 764 | 120 | 029

DMHZKE] 32 24 | 245 | 247 | 050 | 2600 | 044 | 4200 | 160 | 2261 | 210 | 0.5
DMH3TJE] 147 | 24 | 292 | 555 | 094 | 2600 | 046 | q200 [ 240 | 2472 [ 240 | 052
s kerrdond ralrgs are g 1o DINETIE, DUy S0%)
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Brush holder

Armature coil

¥+ Brushes

Magnets / Commutator
Armature | Rg-1
* Brushes

The brush is an important part that serves as a commutating
mechanism. The brush’s service life (in accordance with
wear) will be the service life of the direct-current motor.

+ Commutator
In general, copper is the material used, but to counteract
how it softens at high temperatures, a small amount of
silver is mixed with it.

+ Armature coil
In general, electric wire known as magnet wire is used.
Wire diameter is selected in accordance with the
motor’s specifications, and the wire is connected to the
commutator bar by means of welding, soldering or
other such methods.

+ Armature
For the armature, magnetic steel sheet is used to
increase magnetic flux density.

» Magnets
Broadly speaking, the magnets used in the motor can be
classified in terms of whether they are ferrite, alnico,
rare earth, etc. Magnets are selected in accordance with
usage purpose, based on their features.

- Bearing
There are ball bearings and sleeve bearings, and they
are used in accordance with purpose.
The ball bearing is the type that is appropriate for uses
involving large bending loads.

The magnet DC motor has dropping characteristics
(rotation speed) and rising characteristics, as shown in
Figure 2. When applied voltage V is changed, as shown
in Figure 2, torque rotating speed characteristics will be
proportional to the value for V, but current torque
characteristics will only change very slightly. (For
details, please refer to the relational expression for
current and torque rotating speed.)

Current
Rotating
speed

/No

o I

Fig. 2
TL Ts Torque

As shown in Figure 2, at applied voltage V, when load
torque Tiis added to the motor, rotating speed and
current will be Ni and I, respectively. When V has been
changed to V'V”, the result can be similarly sought. No-
load rotating speed, No, and stalling (starting) torque, Ts,
will be proportional to the applied voltage; thus, the
values for when a 24V motor, for example, is used at 20V

or 18V will be on the order of those shown in Table 1.
(No-load current Io will be sufficiently small compared
with the stalling current and can thus be disregarded.)
When changing the rated voltage substantially (from
24V to 6V, for example), it will be necessary to depend
on actual measurement.

However, use at something other than the rated voltage
could cause abnormal brush wear and startup malfunctions.
Thus, we ask that you confirm the usage conditions.

Voltage | No-oad rotating speed No | Stalling torque Ts| Stalling current Is
24V 5000r/min 40mN-m 1.0A

20 20 20
20V |57~ X5000 4166 | 55~ X40 33 | X1 0.83

tev | 18 a8 e
22 X5000 3750 22 X40 30 22 X1 075

Table 1

Term/Symbol Content
No-load rotating speed No| Rotating speed with no load
No-load current Io |Input current with no load

Max. value for motor-generated torque.
Stalling torque Ts |In general, a DC motor’s stalling torque
is equal to its starting torque.

As shown in Figure 3, when a pulley with
radius R is attached to the motor and force
of F is applied to the pulley’s circumference,
the torque generated, Ti, can be derived
by multiplying F and R (F xR= Tu).

=\ R
/(
Ti=FXR @

=
Note : Using the lock with voltage
applied could cause burnout.

Load torque Ti.

Fig. 3

Relational expressions are as follows.

If the no-load rotating speed from formula 1 is taken to be
No, when load torque Tu is zero, there will be no load;
thus, if T1 =0, the following will be the case.

No-load rotating speed No will be determined from the size
of the motor’s friction torque, To. If To is low, the no-load
rotating speed from formula 3 will be roughly proportional
to the applied voltage. In addition, stalling (starting) torque
will equal the load torque when rotating speed N from
formula 1 is zero, resulting in the following:

Starting torque will be roughly proportional to the applied
voltage. Current will be as follows.

From this formula, when load torque Tv and friction torque
are constant, the current will be constant with no relation
to applied voltage. The no-load current will be the value
that makes the load torque zero in formula 5, but friction
torque To will change slightly, in accordance with rotating
speed; thus, there will be some change caused by the
applied voltage.
If motor output is designated as P (W) , torque as T (N - m)
and rotating speed as N (r/min) , motor output P (W) will
be as follows.

P=0.105 % T X N-eereerenrnarammannnnnnann Formula 6

N: Rotating speed To :Motor’s friction torque

V: Applied voltage T : Load torque

r ¢ Armature-circuit resistance  Ki and Ks @ Motor-specific constant
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Technical Description:

Operating Precautions

DC motors are compact and display high output, and their speed is easy
to control. They may be driven by battery or any other power supply and are
therefore also easy to use. However, inappropriate power supply may lead to
burnout or abnormal brush wear.

Problems with power supply, installation, and general precautions and
problems with a motor installed in-circuit will be described.

* Overload and lock-up

An excessive amount of load torque is applied during overloaded dri-
ving or when locked up, causing an excessive current flow with heat damage
being incurred by the motor. Therefore, overloaded or locked-up use is to be
avoided. (Locking up for 5 or more seconds results in damage to a motor. Do
not lock up a motor for 5 or more seconds.)

+ Applied voltage

Be sure to use a motor at its rated voltage (+¥%4), and avoid any surge
voltage. We can specially manufacture motors designed with an electrical
path protecting the motor from surges and reversed polarity. Please contact
us for details.

+ Applying non-rated supply voltages

Applying a voltage higher than the motor’s rating results in a tempera-
ture increase, leading to heat damage or lowered service life. Scoring of the
commutator surface by sparks and mechanical brush wear arsing from
vibration may also occur.

Applying a voltage lower than the motors rating may eventually result
in the motor failing to start. This is due to the build up of carbon powder on
the commutator.

Motors are manufactured for use within +10¥g, of their rated specifica-
tions.

Please contact us if you need to use motors outside their ratings.

* Brush wear promoted by power supply ripples

Brush wear may be mechanical wear due to brush and commutator abra-
sion or electrical wear due to sparking between the brush and commutator,
the latter being the most common. Brush wear is therefore greatly affected
by ripples in the power supply voltage, and use of general regulated DC is
recommended. However, when rectifying AC for use by a motor, be sure to
use full-wave rectification with a capacitor or similar element in a smooth-
ing circuit.
+ Ambient conditions

The service life of a DC motor is dependant upon its rectifying action.
Care must be taken to ensure good commutation, as dust, oil, gas, water, etc.
‘Water, etc, on the commutator surface results in poor rectification and
increases brush wear.

+ Changing the brush positi

The brushes are generally fixed in position such that rotational speed
and current characteristics are maintained equivalent in both clockwise and
counter-clockwise directions. These are basically determined based on the
position of the magnetic poles. Rotating the motor after not carefully relo-
cating parts such as the brush holder (for fixing the brushes) or rear cover
results in misalignment of the brushes and magnets. This will produce
change in the above characteristics in the rotational direction or cause poor
rectification, leading to abnormal brush wear. Therefore, changing of the
brush positioning is to be avoided.

* Installed orientation

Motors are generally designed for use with a horizontal output shaft.
Special consideration must be given to components including bearings and
grease washers when intended for an upward- or downward-facing output
shaft. Please contact us for details.

Further, avoid installing a motor in a manner in which grease from the
gear head would tend to enter the motor (e.g., with an upward-facing output
shaft).

+ Noise generation

Electrical noise is generated as a result of sparks from commutation
between the brushes and commutator. Please contact us for assistance with
lowering noise.

* Gear heads for intermittent drive

(Ex) 5 5
Drive
g(opJ_I_I_I_;ﬂme
el
B
£x100=50%
(Applies to 36G, 43G, 5C, and L) FigA 5

The gearhead is assembled with a fixed shaft about which a gear
revolves and transmits power. It is not suited to continuous drive. You should
maintain the duty ratio between ON and OFF states at no more than 50%,
with the maximum ON state not exceeding 5 seconds.

* Motor and gear head combination

‘When combining a gear head with a pinion shaft, gently fit the gear head
on turning it right and left, being careful that the pinion and the gear in the
gear head do not strongly clash with each other.

Using force will cause noise-producing scratches in the pinion and the
gear. Scratches are Failures by a decreased service life and are the cause of
unforeseen accidents.

+ Load variation

Even with torque below the rated load, a motor will incur more damage
than might be imagined if there is frequent load variation. Exercise caution
with operating conditions and load restrictions.

* Insulation resistance

The insulation resistance of a brush motor will naturally continue to
decrease as its running time increases. The figures for resistance given in the
catalog are for a new motor.

* Service life
Service life depends greatly on operating conditions and environment.
Please contact us for details.

+ Other aspects

Oil may seep out of the grease in the gear head depending on operating
conditions, storage environment, etc.

This does not present any problems in the use of the gear head.
However, contamination of the machine or equipment to which the geared
motor is fitted may occur.

102



Motors with pulse generators:

There are too types of pulse genestors thatae featumed
in DME series rootors : the reegnetic and optical evolution
s=nsor. (Moe, the optical revohition sengor is avedlable only
i the DME34 roodel) Both ae mememental syvolution sen-
Tor. And all the above genegtors can output Single Phase
pukee signal only. When TWO Phase dgnal is equired, con-
tact our sales agent near sou of dimctly to us We roay quote
oncass by case hasis,

Magrl TS

Iagnetic Re wolution Sensor ¢

Coropared © the optical ewolution sensor, the rEgnetic
Eyolution sensof is rooge fesistant 0 high teroperatues, dust
contarcdnations, vibetions and fropact shocks. The design of
the regnetic revolution sensor type Tootor is also room dra-
k. In incrercental type revolution sensog, pulse output sig-
nals ae sent © a counter wwhemein the incereented yalue i
displaged. Signal noise, here lead © pedioreEnc: eors.
M gnetic type revolution sensors are especially vulneable ©
dgnal nodse sice the dgnal kiwels ae usually very e
(20m0é © 30raA). Thus, roake sure roagnetic revohition sen-
Tof type rootors ame provided proper roagnetic shielding, and
dgnal lines are 3 shott =5 posable (ideally seithin Sra).

@STANDARD SPECIACATION OF REVOLUTICH SENSOR

REVCLUTICN SEMSOR TYPE MeGNETC | OPTICAL
PLLSE PER REVOLLTICN 12Rrey. 24Pirey.
NPUT VOLTOGE DCSUa30% | DCSU-I0%
CURR BNTCONSLUMPTION Senoromindd | 25mAncmin
DTV {Ef0) D, IO
OUTRUT WA EFORM

(OO o

ol s
il

Pl Type

Optical Rewlotion Sareor:

Lomg-life LED is used as the light ercdtter, and a photo-
tandstor is used as the light detector. When using optical
eyvolution sensor type rootors, special consiemfions e
needed © protect against dust and exterce teraperatues, The
roost fequent causes of trouble in optical myvolution sensors
are ; dust buid-ups irqpaitng propers optical pmpefties ; and
exteree leading to deterioration in light ercdssion perfor-
reance. Japan Servwo can thus ensue full mted pediorrencs
only i arcbdent terope mtues betioeen 0 to 40 degmes canti-
grade and ;m dust-free conditions.

S®CONNECTION
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DC SMALL MOTORS

The DME Series motor is a feasible and practical DC
motor that is used popularly in many applications.

According to user demands, Japan Servo combines the
DME motor with a wide variation of high-performance gear-
boxes to further increase the application possibilities for the
DME Series.

Also, in response to demands for a simple, low-cost
motor that has a certain amount of controllability, Japan
Servo provides DME models that feature pulse generators
(magnetic or optical PG).

E Series

For certain models of the DME Series, the motor and
gearboxes can be ordered separately, allowing for much
greater versatility by combining various type motors with a
wide range of reduction gears. Please refer to the product
line-up chart to select the DME Series motor that is just right
for your specific needs.

®DME SERIES MOTOR'S CONSTRUCTION AND CHARACTERISTICS.

LIFE* OUTPUT POWER (W)
MODEL | BRUSH HOLDING [CORE SLOTS BEARING MAGNET PAGE
trs) | s K|J 5 10 15
DME 25 | Holder 3 slots Sintered sleeve bearing Anisotropic 1000 ©3 12
i O ©07
DME 33 | Spring plate 3 slots Sintered sleeve bearing lS.OtFOPIC. 1000 15
Anisotropic ©3
O @13
. . . Isctropic 1000
DME 34| 3 lat 3 slot Sintered sl by 21
pring plate slots intered sleeve bearing BRI (500) ©|45
O ©7
© ©l46
Q72
DME 37 | Holder 7 slots Sintered sleeve bearing Anisotropic 2000 29
O ©|92
& o172
O ©|92
DME 44| Holder 10 slots  [Ball bearing Anisotropic 2000 34
Q|14.8
i O © (13
DME 60| Holder 12slots  |Sint. sleeve/Ball bearing Isatropic | 554 38
Anisotropic 260
BRUSH HOLDER BEARING MAGNET
Hdlder.Long-life 2000hours Ball bearing :Long-life Anisotropic :High output
FEATURE | (1000 hours only for DME25, due to its
high-speed operation)
Spring plate:Standard 1000hours Sintered sleeve bearing :Standard Isotropic :Standard
*Operated in motor alone, and single direction.
9
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O®SELECTION CHART

MOTOR SPECIFICATION MOTORS WITH SENSOR GEARED MOTORS
OUTPUT | RATED  (RATED |MOTOR |MAGNETIC | OPTICAL
POWER | VOLTAGE |CURRENT |ONLY | REVOLUTION| REVOLUTION @
N SENSOR | SENSOR
W [CODE[ V |CODE[ A 306G 436
DME2S 3| g |12|A| 047 |DME25BA DME25B36G _|A|DME25B43G_A
24 | B | 023 |DME25BB DME25B36G _|B| DME25B43G|_B
07| s | 12| A [ 012" |DME33SA [DME33SMA DME33S36G_|A| DME33543G_A
DMESS : 24 | B | 0.06 |DME33SB [DME33SMB DME33S36G _|B|DME33543G._B
3 | g | 12| A| 042 |DME33BA|DME33BMA DME33B36G_JA| DME33B43G_IA
24 | B | 022 |DME33BB [DME33BMB DME33B36G_|B| DME33B43G_B
13| g | 12 A [ 020 |DME34SA DME34SMA  DME34SEA DME34S36G__|A|DME34S43G|_IA
: 24 | B | 0.10 |DME34SB |[DME34SMB| DME34SEB | DME34S36G |B|DME34S43G|_B
DMES4 45| B | 12| A | 0.65 |DME34BA DME34BMA| DME34BEA DME34B36G _JA|DME34BA3G A
: 24 | B | 0.31 |DME34BB|DME34BMB| DME34BEB |DME34B36G |B|DME34B43G._B
7 | K |24 | B | 0.41 |DME34KB |DME34KMB| DME34KEB
46| s | 12| A [ 078 |DME37SA [DME37SMA
~ 24 | B | 0.37 |DME37SB [DME37SMB
22| g | 12| A | 1.01 |DME37BA [DME37BMA
DMEST ( A : 24 | B | 053 |DME37BB |DME37BMB
i 92| k | 12| A | 1.20 |DME37KA|DME37KMA
: 24 | B | 0.60 |DME37KB [DME37KMB
17.2] J [24 | B | 1.07 | DME37JB |[DME37JMB
02| s | 12| A | 131 |DME44SA [DME44SMA
DMELS 24 | B | 0.65 |DME44SB [DME44SMB
14.8| B |24 | B | 094 |DME44BB [DME44BMB
13| s | 12| A | 207 |DMEGOSA
DMESD ‘ 24| B | 1.00 |DME6OSB
1 26| B |24 | B | 22 |DMEGOBB
12 24
PULSES PER REVOLUTION

O®MOTOR DESIGNATIONS
[1] MOTORS ONLY

DME 34 B A
SERIES TOUTPUT POWER —RATED VOLTAGE
NAME S: STANDARD TYPE  A: DC12V

B: HIGH POWER TYPE1 B: DC24V
K: HIGH POWER TYPE2
J: HIGH POWER TYPE3

MOTOR DIAMETER in (mm)
25,33, 34,37, 44,60

[2] MOTORS WITH SENSOR

DME 34 B M A
TYPE OF SENSOR
M: MAGNETIC REVOLUTION SENSOR
E: OPTICAL REVOLUTION SENSOR
[3] GEARED MOTORS
DME 34 B 3G 10 A
GEAR RATIO
GEARBOX MODEL

36G, 43G, 50G, 5C, L

[4] MOTOR AND GEARBOX SUPPLIED SEPARATELY

MATCHING GEARBOX

6DG
6DGF

8DG
8DGF

DME 37 B 6H FP A
TYPE OF PINION SHAFT PINION SHAFT
6HP
6HFP
8HP
60G 15 F slid
- GEARBOX TYPE GEAR RATIO

6DG, 6DGF, 8DG, 8DGF

[

* Motors combined with gear heads are manufactured to
order. The model code to be like: DME37B6DGF 158
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MOTOR AND GEARBOX SUPPLIED SEPERATELY

(Denominator)

%3] <~
50@ L 6DE PAGE
DME25BL JA | DME25B6HPA
DME25BL_|B | DME25B6HPB 12~14
DME33S5C /A | DME33SL/ JA | DME33S6HPA
DME33S5C__B | DME33SL_ B | DME33S6HPB _—
DME33B50G._|A| DME33B5C__JA | DME33BL_ A | DME33BGHPA =
DME33B50G_|B | DME33B5C_ /B | DME33BL_|B | DME33BGHPB
DME34S5C._/A | DME34SL_JA | DME34S6HPA
DME34S5C_B | DME34SL_ B | DME34S6HPB
DME34B50G_JA| DME34B5C__JA | DME34BL_JA | DME34BGHPA DME34B8HPA 21~28
DME34B50G_|B | DME34B5C /B | DME34BL_ B | DME34BGHPB DME34B8HPB
DME34K5C_|B | DME34KL_|B DME34K8HPB
DME37S50G_JA DME37S6HPA
DME37S50G_|B DME37S6HPB
DME37B50G_A DME37B6HPA | DME37B6HFPA | DME37B8HPA
DME37B50G_B DME37B6HPB | DME37B6HFPB | DME37B8HPB 29~33
DME37K50G_A DME37K6HPA | DME37KGHFPA | DME37K8HPA
DME37K50G_B DME37K6HPB | DME37K6HFPB | DME37K8HPB
DME37J6HFPB | DME37J8HPB | DME37J8HFPB
DME44S50G__IA DME44S6HPA | DME44SGHFPA | DME44S8HPA
DME44S50G_B DME44S6HPB | DME44S6HFPB | DME44S8HPB BA5T
DME44B6HFPB | DME44B8HPB | DME44BSHFPB
DME6OS6HPA | DMEGOSGHFPA | DMEGOSS8HPA | DMEGOSSHFPA
DMEGOSGHPB | DMEGOSGHFPB | DMEGOS8HPB | DMEGOSSHFPB | oo .0
DMEGOB6HFPB | DMEGOBSHPB | DMEGOBSHFPB
_ 6DG_ 6DGL_JF 8DG_ 8DGL_F
NOTE: [ | DENOMINATOR OF REDUCTION RATIO MODEL NAMES OF MATCHING GEARBOX
O®GEAR-HEAD DESIGN
SEAR RATIOQ 36G 43G 50G 5C L 6DG 6DGF 8DG 8DGF

©: Output shaft rotates in the same direction with motor shaft.
© : Output shaft rotates reversed direction to motor shaft.
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MODEL CODE VOLTAGE OUTPUT CURRENT
BA 12 W 047
BB 24V W A
@ DIMENSIONS Unit ramiinch)
DMEZSEA, DMEZSEE
E
O®CURRENT, SPEED-TORQUE CURVE S CONNECTION
DMEZSEA, DMEZSEE e
e i U o :
5 |3 | o
N P -
i B
< / =
O ) W 1% emgan
m-m
E 10 1= @*
@STANDARD SPECIFICATIONS
Fakd To load SHIbique —
Modd | Cufput fidtege Torque Cument | Speed | Cument | Speed miem | ozin
w | v [mnem[ozin | & |mwin| & [ mmn "I"a [ b
OMESEY 2 | 12 | 49 | 053 | 0.7 | seo0 | 007 | @00 | 177 | 250 | 95 | 0.4z
OMESEE| 2 | 24 | 49 | 06 | 022 | Se00 | 004 | w0 | 177 | 250 | 5 | 0.2
I Y @ DIMENSIONS Unit rarn(inch)
?émé .
Gear heads for
irtermittent dnve
i = WEGHT |
CEARPTY et oy | o [ i [ B
10 S23 200 0 o2
1250 42 Z1 pric] 0= 10 Qs
S0-100 S3 225 e OXE
sttt
®with 355G TYPE GEARBOX
PR Gea o 10 |12 | 20| 20 | 50 | 60 | 75 | 100 [120] *150] 120
RaEd spe=d TN S0 | 222 |20 | 192 | 116 |66 | 772 | 58 | &2 | @1 [352
N 0.04 [00ee|007 1] 01 |05 | 042 | 022 |02z | 024 ] 028 |0.09
DME2SRGCLIe) Rt trqe [on 555 | 902 |10.414]1522 |22 22 | 20|20e | & 22 | 425 1]5555 |55 55
D e Ao 200 | 250 | 200 0 | 00 | 60
RaEd spe=d TN 325|272 |22 | 179 | 195 | 124
N 029 |029 | 029|029 | 029 [0
DMEZSESSSLI Rama trque [ 555555 55]95.55|55.55 95 55 |55.55

NXE  1:Enke horoqured ndudkoa ralb I}
SR akn of gerbor sl 1 1 roweze o ralkon o vl oc
S Enke horeqired wiag a0 BN Ihe W,
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JODELCODE WOLTAGE PUT_CURREN

L
!lh J U.
lin L4J ..TW
B 1 5 300

BB 29
@DIVMENSIONS Unit mmiinzh)
DME23SH, DMERSE DMEREA, DMEXIBE

¢ ]
=
T T B

il
pusm
S®CURRENT, SPEED-TORQUE CURVE S CONNECTION
DME2ASH, DMERSE DME2361, DMEREE
L5 4 ¢ oo L § 8 ¢ @
ool Lefie I @
oo 2 i Yalt
s i g g ¢ e A
0 IP“;‘? ";?ﬂ;“:"n ; 'Wj 2 ’;m
@S TANDARD SPECIFICATIONS
RaEd Mo load Sarmge |
Model [Cuputfibiege] Torque |Curert| speed [Crat[spesd | T L
w | v [memozin | & |rmin | & | rwin "I'qa T

OMEXSL| 07 12 15 [ 021 [ 042 [ 4500 | 005 [ SS00 | 72 | 111 70 | 045
less o7 24 15 [ 021 | 006 | 4500 | 002 [ 9500 | 72 | 111 70 | 01S
[DME’&SM 2 12 72 [ 111 [ 0d2 [ 2700 | 006 | S000 | 29 417 | 100 | 022
[DME22BE] 2 24 72 [ 141 | 022 [ 2700 | 004 | SO00 | 29 417 | 100 | 022

@REVOLUTION SENSOR MAGNET TYPE
DMEZASMA, DMERS ME DMES2E ML, DMER2EME

PR BN, sy S By QYRR

DEEAHT 100 Al b

SCONECTION OF REVOLUTION SENSOR
i

®#SPECIRCATION OF REVOL UTION SBYSOR SHOWN O RAGE 2.
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MODEL CODE VOLTAGE OUTPUT _CURRENT
SA ? 9.2 1.3A
SB 2 § 21 ]
BB 24 4 0W 0048
@ DIMENSIONS Unit mmiinch)
DME44SH, DME44SE OME44BA, DMESIEE
rwhr
%‘ L
!: mara
=1
‘ @
Ll
TARES Ii'B!
O®CIURRENT, SPEED-TORQUE CURVE ®CONNECTION
DME44SA, DME44SE DMEI4BL, DME14BE
110 @ ?wn s o 1.0 “;” i” 4.0 C2dn @
19 o P I Eoalies @
R U = I
a0 5 da - ? &
g > § 1 E. 2] & 2 g g "")Q\n
o °dE
A A
L_ag o op o PR bt YRR
®STANDARD SPECIFICATIONS
Faed o load SHlDrque -
Mood [Cuputfidege]  Tugwe |cunmert|speed | Curere[spesd [ T - ot
W W | mMN-m | oZin o rnin ) min q b
DME4dSE| 92 12 24 20 | 121 | 600 | 021 | 4200 | 150 | 2222 | 20 0.665
DME4dSE| a2 24 24 | 2.7 | ORS | 3B | 015 | 4200 | 150 | 2222 | 20 0.65
DME“BBI 142 24 29 S85 | 094 | 3600 | 016 | 200 | 250 | 311 90 092
®REVOLUTION SENSOR MAGNET TYPE ®CONNECTION OF REVOLUTION SENSOR

DMEdaSML, DMBI4SME MBS MA, DMEI4SME, D MEd4E ME

E’E !

T i L

#SPECIFICATION OF REVOLUTION SBNSOR ARE SHOWNON PAGES.
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—All fordreams

www.nidec-servo.com

NIDEC SERVO CORPORATION

INTERNATIONAL SALES OFFICE

Osaki MT Building 2F, 5-9-11
Kita—Shinagawa,Shinagawa—ku, Tokyo, 141-0001
Tel:+81-(0)3-6756-5304 Fax:+81-(0)3-6702-0507

NIDEC SERVO AMERICA CORPORATION
2050 Center Ave. Suite 318

Fort Lee, NJ 07024

Tel: +1-(0)201-585-0720

Fax: +1- (0) 201-585-0670

NIDEC SERVO EUROPE B.V.

PO Box 1099, 3840 BB Harderwijk
The Netherlands

Tel: +31-(0)3414-27575

Fax: +31-(0) 3414-23388

PO Box 7084, Hook, Hampshire, RG27 9XL, UK
Tel: +44-(0) 1256-767712
Fax: +44-(0) 1256-767715

NIDEC SERVO CORPORATION
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No. 50, kallang Avenue #05-01,

Noel Corporate Buildings, Singapore 339505
Tel: +65- (0) 6743-7655

Fax: +65- (0) 6842-7839

NIDEC SERVO (HONG KONG) CO.,LIMITED

Unit 1008-09, Saxon Tower, 7 Cheung Shun Street,
Lai Chi Kok, Kowloon, HONG KONG

Tel: +852-(0) 2314-0037

Fax: +852- (0) 2314-4768
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Rm.1001, No.88, Sec.2,

Chung Shan N.Rd., Taipei 104 Taiwan

Nidec Taiwan Corporation.

FAX +852- (0) 3007-8924

WARNING

#Please do not exceed the specifications noted in this catalogue, otherwise there is a chance of electric shock, injury, or other damage.

®Any modifications made to this motor are beyond the limits of our guarantee NIDEC SERVO cannot take responsibility for any customer modifications.
®Please ensure that a thorough evaluation has been done before using this motor in medical equipment or other devices related to human lives.
ePlease ensure that a thorough evaluation has been done before using this motor in applications that have a serious effect on the public.

NOTE
®Flgures In this are

®The di i ifications, and

g values. Please request the product delivery specification when preparing a purchase specification.
contained in this catalogue are subject to change without prior notice due to further product improvements.
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Apéndice D PROGRAMA

/*Programa para el control del prototipo de molienda y tamizado */

#include <TouchScreenMenu.h>

#include <TouchScreen.h>

#include <TFT.h>

#include <cstddef.h>

constint PIN_LED1 =1; //Asignacion de led 1 al PIN 12 MOLINO

const int PIN_LED2 = 0; //Asignacion del led 2 al PIN4 TAMICES

int val = 0;

int state = 0O;

int old_val = 0;

/l Elementos del menu procesar

TouchScreenMenultem subMenultems]] = {
TouchScreenMenultem("<- Menu"),
TouchScreenMenultem("Avena"), //padding
TouchScreenMenultem("Lenteja™), //right
TouchScreenMenultem("Frijol™), //left
TouchScreenMenultem("Garbanzo"), //spacing
TouchScreenMenultem("Haba"), //small
TouchScreenMenultem("Moler"),

TouchScreenMenultem("Tamizar"),
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TouchScreenMenultem("ENDOFMENU")

h

I/l Elementos del menu principal

TouchScreenMenultem mainMenultems[] = {
TouchScreenMenultem("-> Procesar"),
TouchScreenMenultem("Info"),
TouchScreenMenultem("ENDOFMENU")

¥

/ Menu por grano

I/Avena

TouchScreenMenultem paddingSubMenultems]] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("INICIAR™),
TouchScreenMenultem("ENDOFMENU")

¥

//Lenteja

TouchScreenMenultem rightSubMenultems[] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("INICIAR"™),
TouchScreenMenultem("ENDOFMENU")

¥

[[Frijol
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TouchScreenMenultem leftSubMenultems][] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("INICIAR"™),
TouchScreenMenultem("ENDOFMENU")

¥

lIGarbanzo

TouchScreenMenultem spacingSubMenultems]] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("INICIAR"™),
TouchScreenMenultem("ENDOFMENU")

¥

/Haba

TouchScreenMenultem smallSubMenultems[] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("INICIAR"™),
TouchScreenMenultem("ENDOFMENU")

h

//Moler

TouchScreenMenultem molerSubMenultems[] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("ON/OFF"),

TouchScreenMenultem("ENDOFMENU")
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¥

[Tamizar

TouchScreenMenultem tamizSubMenultems][] = {
TouchScreenMenultem("<- Volver"),
TouchScreenMenultem("ON/OFF"),
TouchScreenMenultem("ENDOFMENU")

¥

/l Titulo de menus

TouchScreenMenu paddingSubMenu = TouchScreenMenu(paddingSubMenultems, 2, 5, 20,
CENTERJ, "Avena");

TouchScreenMenu rightSubMenu = TouchScreenMenu(rightSubMenultems, 2, 5, 20,
CENTERJ, "Lenteja");

TouchScreenMenu leftSubMenu = TouchScreenMenu(leftSubMenultems, 2, 5, 20, CENTERJ,
"Frijol");
TouchScreenMenu spacingSubMenu = TouchScreenMenu(spacingSubMenultems, 2, 5, 20,

CENTERJ, "Garbanzo");

TouchScreenMenu smallSubMenu = TouchScreenMenu(smallSubMenultems, 2, 5, 20,
CENTERJ, "Haba");

TouchScreenMenu subMenu = TouchScreenMenu(subMenultems, 2, 10, 5, CENTERJ,

"Procesar");

TouchScreenMenu mainMenu = TouchScreenMenu(mainMenultems, 2, 10, 10, CENTERJ,

"Menu");

TouchScreenMenu molerSubMenu = TouchScreenMenu(molerSubMenultems, 2, 5, 20,
CENTERJ, "Moler");
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TouchScreenMenu tamizSubMenu = TouchScreenMenu(tamizSubMenultems, 2, 5, 20,
CENTERJ, "Tamizar");

// Botones de regreso
TouchScreenMenu *curMenu = &mainMenu;

TouchScreenArea backFromGfx = TouchScreenButton("'<- Volver", TSC.createColor(255, 255,
255), TSC.createColor(0, 0, 0), 50, TSC.getScreenHeight() - 50, 2, 10);

TouchScreenArea backFromBtns = TouchScreenButton("<- Volver", TSC.createColor(255, 255,
255), TSC.createColor(0, 0, 0), 50, TSC.getScreenHeight() - 50, 2, 10);

TouchScreenArea backFromLbls = TouchScreenButton("<- Volver", TSC.createColor(255, 255,
255), TSC.createColor(0, 0, 0), 50, TSC.getScreenHeight() - 50, 2, 10);

void setup(void) {
TSC.setBackColor(TSC.createColor(0, 0, 0)); // Color del fondo de pantalla
TSC.init(); // Asegurar que todo se ha inicializado
curMenu->draw();
}
void loop(void) {
pinMode(PIN_LED1,0UTPUT); //Especificar que el PIN del led 1 es salida
pinMode(PIN_LED2, OUTPUT); //Especificar que el PIN del led 2 es salida
/I confirmar menu actual
if(curMenu!=NULL){
I/l proceder menu actual
TouchScreenMenultem *item = curMenu->process(false);

/I verificar que menu es presionado
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checkMenuSelection(item);
lelse{
/I si no, verificar que boton se presiono

checkButtons();

}

/I verificar botones
void checkButtons(){
if(backFromGfx.process()){
curMenu = &mainMenu;
TSC.clearScreen();
curMenu->draw();
}
else if(backFromBtns.process()){
curMenu = &mainMenu;
TSC.clearScreen();
curMenu->draw();
}
else if(backFromLbls.process()){
curMenu = &mainMenu;
TSC.clearScreen();

curMenu->draw();
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}
}

I/ verificar que boton se presiono y ejecutar alguna accion

void checkMenuSelection(TouchScreenMenultem *item) {

boolean handled = false;
if(item != NULL){
I/l Elementos menu principal
if(curMenu == &mainMenu){
if(Istrcmp(item->getText(),"-> Procesar")){
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if (Istrcmp(item->getText(),"Info")){
curMenu = NULL;

TSC.clearScreen();

backFromLbls.draw();
Tft.drawString("Manual”,5,20,3,WHITE);
Tft.drawString("Ingresa al menu",5,80,2,WHITE);
Tft.drawString("'Procesar'e",5,100,2, WHITE);

Tft.drawString("indica el grano",5,120,2,WHITE);
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Tft.drawString("deseado. Oprime",5,140,2, WHITE);
Tft.drawString("iniciar' para",5,160,2, WHITE);
Tft.drawString("procesamiento”,5,180,2, WHITE);
Tft.drawString("de material.",5,200,2 WHITE);
Tft.drawString("Laboratorio Ing. de Proceso",5,230,1,WHITE);

Tft.drawString("CCADET UNAM",5,240,1, WHITE);

handled = true;

}

I/l Elementos del submenu procesar
else if(curMenu == &subMenu){
if(!strcmp(item->getText(),"<- Menu")}{
curMenu = &mainMenu;
TSC.clearScreen();
curMenu->draw();
handled = true;
}
else if(Istrcmp(item->getText(),"Avena"){
curMenu = &paddingSubMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;
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}

else if(Istrcmp(item->getText(),"Lenteja"){
curMenu = &rightSubMenu;
TSC.clearScreen();
curMenu->draw();
handled = true;

}

else if(Istrcmp(item->getText(),"Frijol"){
curMenu = &leftSubMenu;
TSC.clearScreen();
curMenu->draw();
handled = true;

}

else if(Istrcmp(item->getText(),"Garbanzo")){
curMenu = &spacingSubMenu;
TSC.clearScreen();
curMenu->draw();
handled = true;

}

else if(Istrcmp(item->getText(),"Haba")){
curMenu = &smallSubMenu;

TSC.clearScreen();
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curMenu->draw();
handled = true;

}

else if(Istrcmp(item->getText(),"Moler")){
curMenu = &molerSubMenu;
TSC.clearScreen();
curMenu->draw();
handled = true;

}

else if(!strcmp(item->getText(),"Tamizar")){
curMenu = &tamizSubMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

}

// Operacion AVENA
else if(curMenu == &paddingSubMenu){
if(!strcmp(item->getText(),"<- Volver")){
curMenu = &subMenu;
TSC.clearScreen();

curMenu->draw();
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handled = true;

else if(!strcmp(item->getText(),"INICIAR™)){
digitalWrite(PIN_LED1,HIGH); //Encender led 1
delay(275000);

digitalWrite(PIN_LED1,LOW); //Apagar led 1

}

// Operacion LENTEJA
else if(curMenu == &rightSubMenu){
if(Istrcmp(item->getText(),"<- Volver"){
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if(!strcmp(item->getText(),"INICIAR™))Y
digitalWrite(PIN_LED1,HIGH); //Encender led 1
digitalWrite(PIN_LED2,HIGH); //Encender led 2
delay(120000);
digitalWrite(PIN_LED1,LOW); //Apagar led 1

delay(240000);
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digitalWrite(PIN_LED2,LOW); //Apagar led 2

}
}

// Operacion FRIJOL
else if(curMenu == &leftSubMenu){
if(Istrcmp(item->getText(),"<- Volver")}{
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if(!strcmp(item->getText(),"INICIAR")){

digitalWrite(PIN_LED1,HIGH); //Encender led 1

digitalWrite(PIN_LED2,HIGH); //Encender led 2

delay(60000);
digitalWrite(PIN_LED1,LOW); //Apagar led 1
delay(180000);
digitalWrite(PIN_LED2,LOW); //Apagar led 2
}

}

/l Operacion GARBANZO

else if(curMenu == &spacingSubMenu){
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if('strcmp(item->getText(),"<- Volver")){
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if(strcmp(item->getText(),"INICIAR")){
digitalWrite(PIN_LED1,HIGH); //Encender led 1
digitalWrite(PIN_LED2,HIGH); //Encender led 2
delay(50000);
digitalWrite(PIN_LED1,LOW); //Apagar led 1
delay(120000);

digitalWrite(PIN_LED2,LOW); //Apagar led 2

}
}

/l Operacion HABA
else if(curMenu == &smallSubMenu){
if(Istrcmp(item->getText(),"<- Volver"){
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;
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else if(!strcmp(item->getText(),"INICIAR™))
digitalWrite(PIN_LED1,HIGH); //Encender led 1
digitalWrite(PIN_LED2,HIGH); //Encender led 2
delay(60000);
digitalWrite(PIN_LED1,LOW); //Apagar led 1
delay(120000);

digitalWrite(PIN_LED2,LOW); //Apagar led 2

}

//Operacion moler
else if(curMenu == &molerSubMenu){
if(Istrcmp(item->getText(),"<- Volver")}{
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if(!strcmp(item->getText(),"ON/OFF")}{
val= Istrcmp(item->getText(),"ON/OFF");
if (val == HIGH) && (old_val == HIGH)){

state = 1-state;
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delay(10);

}
old_val = val;
if (state==1){

digitalWrite(PIN_LED1, HIGH);
}
else{

digitalWrite(PIN_LED1, LOW);

//Operacion tamizar
else if(curMenu == &tamizSubMenu){
if(Istrcmp(item->getText(),"<- Volver")}{
curMenu = &subMenu;
TSC.clearScreen();
curMenu->draw();

handled = true;

else if(!strcmp(item->getText(),"ON/OFF"){
val= Istrcmp(item->getText(),"ON/OFF");
if ((val == HIGH) && (old_val == HIGH)){
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state = 1-state;
delay(10);
}
old_val = val;
if (state==1){
digitalWrite(PIN_LED2, HIGH);
}
else{

digitalWrite(PIN_LED2, LOW);

if(handled==false)

curMenu->drawltem(item,false);
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