
ACONDICIONAMIENTO DE LA SEÑAL DE VOLTAJE DEL ANEMÓMETRO 

EMPLEANDO UN SENSOR DE EFECTO HALL 

El circuito de acondicionamiento que se diseñó para esta señal es el siguiente: 

 

 

 

 

 

 

 

 

 

 

 

Figura 1: Acondicionamiento de la señal provenienete del sensor de Efecto Hall 



En primer lugar, el circuito está compuesto por 

una fuente de corriente, formado por un transistor 

PNP 2N3906, un diodo Zener 1N4737A (7.5V), 

una resistencia de drenaje para este diodo (100 

ohmios) y una resistencia en el emisor del 

transistor (200K). 

El diodo zener mantiene un nivel de voltaje de 

7.5V, por lo tanto se tiene 1.5V en la base del 

transistor. La diferencia de voltaje entre el emisor 

y la base del transistor es de 0.7V entonces el 

voltaje en el emisor del transistor será igual a 

2.2V. 

La corriente del colector Ic será: 

𝐼𝐶 =
9𝑉 − 2.2𝑉

200𝐾
= 3.4 × 10−5𝐴 

La caída de tensión entre el emisor y el colector 

es de 0.2V, entonces el voltaje en el colector será 

de 2V. Este voltaje será el máximo voltaje de 

carga del condensador C3. 

 

El circuito que se muestra en la figura 3 cargará el 

condensador C3 de 1uF con la corriente Ic 

proveniente del transistor PNP hasta un voltaje 

máximo de 2V hallado en el circuito anterior. Se 

escogió el valor del condensador de 1uF debido a 

que el tiempo de carga es suficiente rápido para la 

velocidad de conmutación del transistor 2N3904. 

La resistencia R16 de valor 4.7K proporciona la 

corriente necesaria para el correcto funcionamiento 

del transistor 2N3904. La carga y descarga del 

condensador es de la siguiente manera: 

 Cuando se tiene un pulso positivo (5V) en la 

base del transistor entonces el transistor conduce 

y no carga el condensador ya que toda la corriente 

se va a tierra. 

 Cuando se tiene un pulso de 0V en la base del transistor entonces el transistor no 

conduce y se carga el condensador C3 hasta un voltaje máximo de 2V. 

 

Figura 2: Fuente de corriente 

Figura 3: Circuito de carga del 
condensador 



De la ecuación de carga del condensador de obtiene la siguiente relación: 
 

𝑖(𝑡) = 𝐶
𝑑𝑉

𝑑𝑡
 

𝑣(𝑡) =
1

𝐶
∫ 𝑖(𝑡)𝑑𝑡 + 𝑣(𝑡0)

𝑡

𝑡0

 

𝑣𝑐(0) = 0 

𝑝𝑒𝑟𝑜 𝑐𝑜𝑚𝑜 𝑖(𝑡) 𝑒𝑠 𝑐𝑡𝑒 𝑒𝑛𝑡𝑜𝑛𝑐𝑒𝑠 ∶   𝑣𝑐(𝑡) =
1

𝐶
∫ 𝐼𝑑𝑡

𝑡

0

+ 0 

Finalmente se obtiene la ecuación de carga del condensador con una fuente de corriente 
constante:   
 

𝒗𝒄(𝒕) =
𝟏

𝑪
𝑰∆𝒕 =

𝑰∆ 𝒕

𝑪
 

 

Donde I es la corriente que fluye por la resistencia 200K: 

𝐼 =
9 − 𝑉𝐸𝑚𝑖𝑠𝑜𝑟 𝑑𝑒𝑙 𝑡𝑟𝑎𝑛𝑠𝑖𝑠𝑡𝑜𝑟 2𝑁3906

200𝐾
=

9 − 2.2

200𝐾
= 3.4 ∗ 10−5𝐴 

Reemplazando este valor en la ecuación de carga del condensador: 

𝒗𝒄(𝒕) =
𝟏

𝟏𝟎−𝟔
∗ 𝟑. 𝟒 ∗ 𝟏𝟎−𝟓∆𝒕 = 𝟑𝟒 ∗ ∆𝒕 →  ∆𝒕 =

𝒗𝒄

𝟑𝟒
 

 

Donde Δt es el tiempo en el cual el voltaje en la base del transistor 2N3904 es 0V. 

El sensor de Efecto hall seleccionado fue el 

LB9051. La salida digital que proporciona varía 

desde 0.02V hasta 5V. El funcionamiento de 

este sensor es el siguiente: 

  Cuando las líneas de campo de 

polaridad norte (proporcionadas por el imán de 

polaridad norte) son perpendiculares a la 

superficie de este sensor entonces se tiene un 

nivel alto (5V) y debido a la histéresis de este 

dispositivo se mantiene en este nivel hasta que 

las líneas de campo de polaridad sur 

(proporcionadas por el imán de polaridad sur) 

son perpendiculares a la superficie de este 

dispositivo y en este caso la salida del sensor de 

Efecto Hall cambia a 0V. 

Se quiere sensar el tiempo en el cual las líneas de campo de polaridad norte son 

perpendiculares a la superficie del sensor de Efecto Hall, sin embargo cuando esto sucede 

se tiene un nivel alto (5V) en la base del transistor 2N3904, por lo tanto el condensador no 

se carga. Para solucionar esto se ha colocado una compuerta inversora Schmitt trigger 

Figura 4: Sensor de Efecto Hall y 
compuerta inversora 



HEF40106B. De esta manera, cuando las líneas de campo de polaridad norte sean 

perpendiculares a la superficie del dispositivo se tendrá un nivel alto en la salida del sensor 

(5V) y después de la compuerta inversora se tendrá 0V en la base del transistor 2N3904 

entonces el condensador se cargara hasta un nivel que el proporcional al tiempo en el cual 

las líneas de campo de polaridad norte del imán son perpendiculares a la superficie del 

dispositivo. 

 

El voltaje de carga Vc del condensador C3 de 

1uF ingresa a un buffer, en este caso se está 

empleando el amplificador operacional 

LM358N. Se colocó el diodo 1N5818 para 

evitar el paso de la corriente entre el 

capacitor y el amplificador operacional. El 

capacitor almacena la tensión de entrada Vc  

La conexión entre la entrada del amplificador 

operacional (punto 2) y la salida del diodo 

1N5818 es para que la tensión de entrada 

sea almacenada sin la caída de tensión del 

diodo. El amplificador va a compensar la 

caída en el diodo para que el voltaje en el 

condensador C7 sea igual a Vc. Se ha colocado la resistencia R34 de 10K en paralelo con 

el condensador de C7 de 4.7uF para la descarga de este. La resistencia va a determinar el 

tiempo de descarga del capacitor. La corriente fluye del capacitor hacia el resistor para 

descargarlo.  Mediante pruebas se verificó que para los valores seleccionados de C7 Y R34 

el condensador se descarga rápidamente cuando se tiene la máxima variación en la 

entrada, proporcionando un adecuado seguimiento del valor en la entrada del amplificador. 

De esta manera podrá almacenar un nuevo valor de tensión ya sea menor o mayor sin 

mayor demora. 

Asimismo, se adicionó unos diodos 1N4148 de alta velocidad de 

switching (4ns) que permiten proteger el puerto ADC del 

microcontrolador, en caso se presenten voltajes negativos o positivos 

mayores a 3.3V.  

 

Figura 5: Seguidor de voltaje 

Figura 6: Diodos 
de protección 



ACONDICIONAMIENTO DE LA SEÑAL DE VOLTAJE DE LA BATERÍA 

La batería seleccionada proporciona una señal comprendida entre 11 y 13.5 voltios, esto 

debido a las siguientes razones: 

 Se está empleando reguladores de la serie LM78XX, tales como los reguladores 

LM7809 y LM7805. Estos reguladores necesitan de una tensión de dropout de 2V, 

es decir, que la tensión de entrada debe ser al menos 2V mayor que la tensión de 

salida. De otra manera, el circuito dejará de funcionar. 

A partir de lo anterior se concluye que es necesario un valor de voltaje mínimo de 11V 

en la entrada para el correcto funcionamiento del regulador LM7809 (9V). 

 A partir de la figura 2, se observa que la tensión máxima de carga para una batería 

de 12V es un valor cercano a los 14V, 13.8V aproximadamente. Para este proyecto 

se ha considerado como voltaje máximo de carga para la batería el valor de 13.5V. 

 

 

 

Figura 1: Voltaje de Dropout de los reguladores LM7805 Y LM7809 

Figura 2: Curva de carga de la batería YUASA 12V 



Esta señal no puede ser medida directamente por el microcontrolador, por lo cual se 

acondiciona con el divisor de voltaje que se muestra en la figura 3: 

 

 

El voltaje en el punto 3 será: 

𝑉3 = 𝑉𝑏𝑎𝑡 ∗
1𝐾

1𝐾 + 4.7𝐾
= 𝑉𝑏𝑎𝑡 ∗ 0.1754 

Para un valor de voltaje de 11V de la batería se tendrá en el punto 3:  

𝑉3 = 11 ∗ 0.1754 = 1.9294𝑉 

Para un valor de voltaje de 13.5V de la batería se tendrá en el punto 3:  

𝑉3 = 13.5 ∗ 0.1754 = 2.3679𝑉 

Por seguridad se medirá el voltaje que entrega la batería desde 0V hasta 15V. El voltaje 

máximo de salida acondicionado que se tendrá será: 

𝑉𝑠𝑎𝑙𝑖𝑑𝑎 = 𝑉3 = 15 ∗ 0.1754 = 2.631𝑉 < 3.3𝑉 (𝑀á𝑥𝑖𝑚𝑜 𝑣𝑎𝑙𝑜𝑟 𝑑𝑒 𝑒𝑛𝑡𝑟𝑎𝑑𝑎 𝑎𝑙 𝑝𝑢𝑒𝑟𝑡𝑜 𝐴𝐷𝐶) 

 

Se adaptó las impedancias con un buffer (Op-amp con realimentación negativa) y como se 

observa en la figura 3 se adicionó unos diodos 1N4148 de alta velocidad de switching (4ns) 

que permiten proteger el puerto ADC del microcontrolador, en caso existan sobre voltajes, 

ya sean negativos (menores a 0 voltios) o positivos (mayores a 3.3 voltios). 

Salida voltaje 

acondicionado 

Figura 3: Acondicionamiento del voltaje de la batería 

Vbat 



Las resistencias 1K y 4.7K son resistencias de precisión, la cantidad de potencia máxima 

que disipan se muestran en los siguientes cálculos: 

El voltaje máximo que entregue la batería será de 13.5V: 

 

 

El voltaje en el punto 3 es: 

𝑉3 = 𝑉𝑏𝑎𝑡 ∗ 0.1754 

La diferencia de potencial en la resistencia de 4.7K será: 

𝑉4.7𝐾 = 𝑉𝑏𝑎𝑡 − 𝑉𝑏𝑎𝑡 ∗ 0.1754 = 𝑉𝑏𝑎𝑡 ∗ 0.8246 

𝑉4.7𝐾 = 13.5 ∗ 0.8246 = 11.1231𝑉 

La potencia que disipará esta resistencia será: 

𝑃4.7𝐾 =
𝑉4.7𝐾

2

4.7𝐾
=

11.12312

4.7𝐾
= 0.02632𝑊 

Se escogió una resistencia de 0.5W. 

La diferencia de potencial en la resistencia de 1K será: 

𝑉1𝐾 = 𝑉3 = 𝑉𝑏𝑎𝑡 ∗ 0.1754 = 13.5 ∗ 0.1754 = 2.3679𝑉 

La potencia que disipará esta resistencia será: 

𝑃1𝐾 =
𝑉1𝐾

2

1𝐾
=

2.36792

1𝐾
= 5.61 ∗ 10−3𝑊 

Se escogió una resistencia de 0.5W. 

 

Vbat 

3 

V4.7K 

V1K 

Figura 3: Divisor de voltaje 



ACONDICIONAMIENTO DE LA SEÑAL DE VOLTAJE DEL PANEL SOLAR 

El panel solar seleccionado es de 12V de voltaje nominal y proporciona una señal 

comprendida entre 0 y 18 voltios. 

Esta señal no puede ser medida directamente por el microcontrolador, por lo cual se 

acondiciona con el divisor de voltaje que se muestra en la figura 1: 

 

 

El voltaje en el punto 3 será: 

𝑉3 = 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗
810

810 + 4.3𝐾
= 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗ 0.1585 

Para un valor de voltaje de 18V del panel solar se tendrá en el punto 3:  

𝑉3 = 18 ∗ 0.1585 = 2.853𝑉 

Por seguridad se medirá el voltaje que entrega el panel solar desde 0V hasta 20V. El 

voltaje máximo de salida acondicionado que se tendrá será: 

𝑉𝑠𝑎𝑙𝑖𝑑𝑎 = 𝑉3 = 20 ∗ 0.1585 = 3.17𝑉 < 3.3𝑉 (𝑀á𝑥𝑖𝑚𝑜 𝑣𝑎𝑙𝑜𝑟 𝑑𝑒 𝑒𝑛𝑡𝑟𝑎𝑑𝑎 𝑎𝑙 𝑝𝑢𝑒𝑟𝑡𝑜 𝐴𝐷𝐶) 

 

Se adaptó las impedancias con un buffer (Op-amp con realimentación negativa) y como se 

observa en la figura 1 se adicionó unos diodos 1N4148 de alta velocidad de switching (4ns) 

Figura 1: Acondicionamiento del voltaje del panel solar 



que permiten proteger el puerto ADC del microcontrolador, en caso existan sobre voltajes, 

ya sean negativos (menores a 0 voltios) o positivos (mayores a 3.3 voltios). 

Las resistencias 810 ohms y 4.3K son resistencias de precisión, la cantidad de potencia 

máxima que disipan se muestran en los siguientes cálculos: 

El voltaje máximo que entregará el panel solar será de 18V: 

 

 

El voltaje en el punto 3 es: 

𝑉3 = 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗ 0.1585 

La diferencia de potencial en la resistencia de 4.3K será: 

𝑉4.3𝐾 = 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 − 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗ 0.1585 = 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗ 0.8415 

𝑉4.3𝐾 = 18 ∗ 0.8415 = 15.147𝑉 

La potencia que disipará esta resistencia será: 

𝑃4.3𝐾 =
𝑉4.3𝐾

2

4.3𝐾
=

15.1472

4.3𝐾
= 0.05335𝑊 

Se escogió una resistencia de 0.5W. 

La diferencia de potencial en la resistencia de 810 ohms será: 

𝑉810 = 𝑉3 = 𝑉𝑃𝑎𝑛𝑒𝑙 𝑆𝑜𝑙𝑎𝑟 ∗ 0.1585 = 18 ∗ 0.1585 = 2.853𝑉 

La potencia que disipará esta resistencia será: 

𝑃810 =
𝑉810

2

810
=

2.8532

810
= 0.010𝑊 

Se escogió una resistencia de 0.5W. 

VPanel Solar 
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V4.3K 

V810 

Figura 2: Divisor de voltaje 



ACONDICIONAMIENTO DE LA SEÑAL DE SENSADO DE LA ORIENTACIÓN DEL 

VIENTO 

Para el sensado de la orientación del viento se ha empleado un arreglo de interruptores 

Reed Switch los cuales se activarán ante la presencia del campo magnético del imán 

acoplado al eje del anemómetro cuando este pase por encima de alguno de estos 

interruptores de acuerdo a la velocidad del viento. 

Esto se logrará mediante el arreglo de resistencias de precisión que se muestra en la figura 

1: 

Figura 1: Arreglo de resistencias para sensado de la dirección del viento 



Caso 1: S1 se cierra  N  
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Caso 2: S2 se cierra  NE  
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Caso 3: S3 se cierra  E 
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Caso 4: S4 se cierra  SE 
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Caso 5: S5 se cierra  S 
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Caso 6: S6 se cierra  SO 
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Caso 7: S7 se cierra  O 
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Caso 8: S8 se cierra  NO 

 

1

V1

1

10

R1

3K

1

2

R2

6.8K

10

3

R3

620

11

3

4

R4

620

4

5

R5

620

5

6

R6

620

6

7

R7

620

7

8

R8

620

8

2

R9

620

2

R10

620

22

222

3.30V

493mV2.15V

1.92V

1.68V

1.44V

1.20V

967mV

730mV

NO 
Ingresa al 

microcontrolador 



Caso 9: No se cierra ningún interruptor Reed Switch  - - 
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Para cada uno de los casos se tiene un rango de voltaje distinto que ingresará al 

microcontrolador, se ha considerado sumar y restar 50mV a cada valor de voltaje hallado 

en los casos anteriores para establecer los rangos de voltaje, de esta manera se tienen los 

siguientes rangos: 

Caso 1: N 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 2.32𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 2.32𝑉 − 50𝑚𝑉 = 2.27𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 2.32𝑉 + 50𝑚𝑉 = 2.37𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑁 = 2.27𝑉 − 2.37𝑉 

Caso 2: NE 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 2.14𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 2.14𝑉 − 50𝑚𝑉 = 2.09𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 2.14𝑉 + 50𝑚𝑉 = 2.19𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑁𝐸 = 2.09𝑉 − 2.19𝑉 

Caso 3: E 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 1.94𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 1.94𝑉 − 50𝑚𝑉 = 1.89𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 1.94𝑉 + 50𝑚𝑉 = 1.99𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝐸 = 1.89𝑉 − 1.99𝑉 

 

Caso 4: SE 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 1.72𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 1.72𝑉 − 50𝑚𝑉 = 1.67𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 1.72𝑉 + 50𝑚𝑉 = 1.77𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑆𝐸 = 1.67𝑉 − 1.77𝑉 

 

 

 

 



Caso 5: S 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 1.48𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 1.48𝑉 − 50𝑚𝑉 = 1.43𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 1.48𝑉 + 50𝑚𝑉 = 1.53𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑆 = 1.43𝑉 − 1.53𝑉 

Caso 6: SO 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 1.21𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 1.21𝑉 − 50𝑚𝑉 = 1.16𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 1.21𝑉 + 50𝑚𝑉 = 1.26𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑆𝑂 = 1.16𝑉 − 1.26𝑉 

Caso 7: O 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 886𝑚𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 886𝑚𝑉 − 50𝑚𝑉 = 836𝑚𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 886𝑚𝑉 + 50𝑚𝑉 = 936𝑚𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑂 = 836𝑚𝑉 − 936𝑚𝑉 

Caso 8: NO 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 493𝑚𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 = 493𝑚𝑉 − 50𝑚𝑉 = 443𝑚𝑉 

𝐸𝑥𝑡𝑟𝑒𝑚𝑜 𝑠𝑢𝑝𝑒𝑟𝑖𝑜𝑟 = 493𝑚𝑉 + 50𝑚𝑉 = 543𝑚𝑉 

𝑅𝑎𝑛𝑔𝑜 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 𝑝𝑎𝑟𝑎 𝑁𝑂 = 443𝑚𝑉 − 543𝑚𝑉 

Caso 9: - - 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑒 𝑣𝑜𝑙𝑡𝑎𝑗𝑒 = 3.3𝑉 

 

Se ha empleado un divisor de tensión puesto que se quiere emplear un solo puerto ADC 

del microcontrolador. 

Se adicionó unos diodos 1N4148 de alta velocidad de switching (4ns) que permiten proteger 

el puerto ADC del microcontrolador, en caso existan sobre voltajes, ya sean negativos 

(menores a 0 voltios) o positivos (mayores a 3.3 voltios). 

 



DISEÑO DEL SISTEMA DE ALIMENTACIÓN AUTÓNOMO 

Se emplea la energía de un panel solar de tensión nominal 12V-5W para cargar la batería 

que alimentará todo el sistema de medición. El circuito empleado para cargar la batería se 

muestra en la figura 1. El diodo D5 1N5818 se conecta entre el panel solar y la batería para 

evitar descargas.  

 

 

Las resistencias R14 de 3K y R15 de 2.4K fijan el voltaje del límite superior del comparador 

de ventana. 

Figura 1: Diagrama esquemático del sistema de alimentación autónomo  



𝑉5 = 9 ×
3𝐾

3𝐾 + 2.4𝐾
= 5𝑉 

El límite superior será de 5V. Las resistencias R18 de 2.4K y R19 de 2K fijan el voltaje del 

límite inferior del comparador de ventana. 

𝑉6 = 9 ×
2𝐾

2𝐾 + 2.4𝐾
= 4𝑉 

El límite inferior será de 4V. 

El comparador de ventana empleado está compuesto de dos amplificadores operaciones 

LM339N, los cuales tienen salida open collector por lo cual se requiere de una resistencia 

de Pull Up. La resistencia R6 de 10K es la resistencia de Pull Up. 

Las resistencias R3 de 5.1K y R4 de 3K conforman un divisor de voltaje para el sensado 

del voltaje de la batería. De esta manera cuando se tenga 11V (límite mínimo de carga) en 

los terminales de la batería, se tendrá en el divisor de tensión el siguiente valor de voltaje: 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 = 11 ×
3𝐾

3𝐾 + 5.1𝐾
= 4𝑉 

Asimismo cuando se tenga 13.5V (límite máximo de carga) en los terminales de la batería, 

se tendrá en el divisor de tensión el siguiente valor de voltaje: 

𝑉𝐷𝑖𝑣𝑖𝑠𝑜𝑟 = 13.5 ×
3𝐾

3𝐾 + 5.1𝐾
= 5𝑉 

De esta manera, los límites de carga para la batería comprende el rango de voltaje de 11V 

hasta 13.5V, este valor de voltaje se reduce en el divisor de tensión y luego ingresa a los 

amplificadores operacionales (punto 4 y 7 de la figura 1). 

Cuando el valor de voltaje en los terminales de la batería se encuentra entre 11V y 13.5V 

entonces se tendrá 4V y 5V en el divisor de tensión, el voltaje comprendido dentro de este 

rango proporciona una salida de 5V en el comparador de ventana y se dispara el mosfet 

2N7002. De esta manera se permite el paso de la corriente entre drenador y surtidor, es 

decir, el panel solar entrega corriente para cargar la batería. 

Cuando el valor de voltaje en los terminales de la batería se encuentra fuera del rango de 

11V y 13.5V (ya sea menor o mayor) se tendrá una salida de 0V en el comparador de 

ventana y por lo tanto el mosfet 2N7002 no se dispara. Esto hace que no fluya corriente 

entre el drenador y surtidor, entonces el panel solar no carga la batería. 

La potencia disipada por las resistencias R3 y R4 cuando la batería entrega el máximo 

voltaje (13.5V) se muestra a continuación. 

𝑃𝑅3 =
(13.5 − 5)2

5.1𝐾
= 0.014𝑊 

𝑃𝑅4 =
(5)2

3𝐾
= 8.33 × 10−3𝑊 

  
 



ACONDICIONAMIENTO DE LA SEÑAL DE VOLTAJE DEL GENERADOR DC 

El motor de corriente continua empleado como generador que fue seleccionado proporciona 

una señal en el rango comprendido desde -12V hasta 12V, esta señal no puede ser medida 

directamente por el microcontrolador por lo cual debe ser acondicionada para luego ser 

muestreada por ADC. Esto será posible mediante el arreglo de resistencias que se muestra 

en la figura 1: 

 

 

El generador entrega como máximo 12V, el voltaje acondicionado para este valor de tensión 

entregado por el generador sera igual a 794mV tal como se muestra en circuito de abajo: 

 

 

 

 

 

 

 

Figura 1: Arreglo de resistencias para el acondicionamiento de la señal de voltaje del 

generador  DC 

 Voltaje 

acondicionado 



A continuación se muestran los valores de potencia que disipa cada una de las resistencias: 

𝑃100𝐾=
(9 − 5.03)2

100𝐾
= 1.57609 × 10−4𝑊 

 

𝑃6.2𝐾=
(5.52 − 5.03)2

6.2𝐾
= 3.8725 × 10−5𝑊 

 

𝑃91𝐾=
(794 × 10−3 + 6.48)2

91𝐾
= 5.8144 × 10−4𝑊 

 

𝑃20𝐾=
(794 × 10−3)2

20𝐾
= 3.1521 × 10−5𝑊 

 

𝑃35.4𝐾=
(5.03 − 794 × 10−3)2

35.4𝐾
= 5.0688 × 10−4𝑊 

  
Se escogieron resistencias de 0.5W. 
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El generador entrega como mínimo -12V, el voltaje acondicionado para este valor de 

tensión entregado por el generador será igual a 1.67V tal como se muestra en circuito de 

abajo:  

 

𝑃100𝐾=
(9 − 638 × 10−3)2

100𝐾
= 6.9923 × 10−4𝑊 

𝑃6.2𝐾=
(638 × 10−3 + 61 × 10−3)2

6.2𝐾
= 7.8806 × 10−5𝑊 

𝑃91𝐾=
(11.9 − 1.67)2

91𝐾
= 1.1500 × 10−3𝑊 

𝑃20𝐾=
(1.67)2

20𝐾
= 1.3944 × 10−4𝑊 

 

𝑃35.4𝐾=
(1.67 − 638 × 10−3)2

35.4𝐾
= 3.0085 × 10−5𝑊 

 

Se escogieron resistencias de 0.5W. 
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Mediante este arreglo de resistencias se reduce la amplitud de la tensión entregada por el 

generador y se tendrá una señal que va desde -366mV hasta 366mV. Para desplazar la 

señal y hacer que esta sea solo positiva, se requiere de una fuente de alimentación de 9 

voltios, con lo cual se tendrá una señal que varía desde 794mV hasta 1.67V. Este rango es 

menor al rango del ADC, lo cual permite medir sobre tensiones en caso se presenten. 

Asimismo, se adicionó unos diodos 1N4148 de alta velocidad de switching (4ns) que 

permiten proteger el puerto ADC del microcontrolador, en caso se presenten voltajes 

negativos o positivos mayores a 3.3V 

 



ACONDICIONAMIENTO DE LA SEÑAL DE SENSADO DE LA CORRIENTE QUE 

ENTREGA EL PANEL SOLAR 

 

A partir de las mediciones realizadas al panel solar, la batería y la resistencia que componen 

el circuito que se muestra en la figura 1: 

 

Se obtuvieron los resultados que se muestran en la tabla 1: 

 

 

 

 

 

 

 

 

 

Figura 1: Esquema de conexiones para el sensado de la corriente que entrega el panel 
solar 



 

El voltaje en la resistencia R1, no puede ser medido directamente por el microcontrolador, 

por lo cual requiere ser acondicionado, luego se calculará la corriente empleando la Ley de 

Ohm. 

 

𝑉 = 𝐼𝑅 

 

 

 

 

Tabla 1: Valores de voltaje y corriente del panel solar, la resistencia y la batería 



 

 

 

 

 

A partir de los valores de voltaje y corriente que se muestran en la tabla 1, el voltaje máximo 

en la resistencia de 20Ω 3W será de 7V. 

El voltaje en el punto 3 será: 

𝑉3 = 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗
1𝐾

1𝐾 + 3𝐾
= 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗ 0.25 

Para un valor de voltaje de 7V en la resistencia se tendrá en el punto 3:  

𝑉3 = 7 ∗ 0.25 = 1.75𝑉 

𝑉𝑆𝑎𝑙𝑖𝑑𝑎 𝑎𝑐𝑜𝑛𝑑𝑖𝑐𝑖𝑜𝑛𝑎𝑑𝑜 𝑚á𝑥𝑖𝑚𝑜 = 1.75𝑉 < 3.3𝑉 (𝑀á𝑥𝑖𝑚𝑜 𝑣𝑎𝑙𝑜𝑟 𝑑𝑒 𝑒𝑛𝑡𝑟𝑎𝑑𝑎 𝑎𝑙 𝑝𝑢𝑒𝑟𝑡𝑜 𝐴𝐷𝐶) 

 

Se adaptó las impedancias con un buffer (Op-amp con realimentación negativa) y como se 

observa en la figura 2 se adicionó unos diodos 1N4148 de alta velocidad de switching (4ns) 

Salida voltaje 

acondicionado 

Voltaje en la 

resistencia 

Figura 2: Acondicionamiento de la señal de voltaje en la resistencia de 20Ω 3W 



que permiten proteger el puerto ADC del microcontrolador, en caso existan sobre voltajes, 

ya sean negativos (menores a 0 voltios) o positivos (mayores a 3.3 voltios). 

Las resistencias de 1K y 3K son resistencias de precisión, la cantidad de potencia máxima 

que disipan se muestran en los siguientes cálculos: 

El voltaje máximo que se presentara en la resistencia de 20Ω 3W será de 7V: 

 

 

El voltaje en el punto 3 es: 

𝑉3 = 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗ 0.25 

La diferencia de potencial en la resistencia de 3K será: 

𝑉3𝐾 = 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 − 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗ 0.25 = 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗ 0.75 

𝑉3𝐾 = 7 ∗ 0.75 = 5.25𝑉 

La potencia que disipará esta resistencia será: 

𝑃3𝐾 =
𝑉3𝐾

2

3𝐾
=

5.252

3𝐾
= 9.1875 ∗ 10−3𝑊 

Se escogió una resistencia de 0.5W. 

La diferencia de potencial en la resistencia de 1K será: 

𝑉1𝐾 = 𝑉3 = 𝑉𝑅𝑒𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑖𝑎 ∗ 0.25 = 7 ∗ 0.25 = 1.75𝑉 

La potencia que disipará esta resistencia será: 

𝑃1𝐾 =
𝑉1𝐾

2

1𝐾
=

1.752

1𝐾
= 3.0625 ∗ 10−3𝑊 

Se escogió una resistencia de 0.5W. 

VResistencia 

 

 3 

V3K 

V1K 

Figura 3: Divisor de voltaje 



Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V
CC

.............................  8 V

Magnetic Flux Density, B .........  Unlimited

Operating Temperature Range,

T
A

............................  -20°C to +85°C

Storage Temperature Range,

T
S
...........................  -65°C to +150°C

RATIOMETRIC, LINEAR
HALL-EFFECT SENSORS

The UGN3503LT, UGN3503U, and UGN3503UA Hall-effect
sensors accurately track extremely small changes in magnetic flux
density—changes generally too small to operate Hall-effect switches.

As motion detectors, gear tooth sensors, and proximity detectors,
they are magnetically driven mirrors of mechanical events. As sensitive
monitors of electromagnets, they can effectively measure a system's
performance with negligible system loading while providing isolation
from contaminated and electrically noisy environments.

Each Hall-effect integrated circuit includes a Hall sensing element,
linear amplifier, and emitter-follower output stage. Problems associated
with handling tiny analog signals are minimized by having the Hall cell
and amplifier on a single chip.

Three package styles provide a magnetically optimized package for
most applications.  Package suffix ‘LT’ is a miniature SOT-89/TO-
243AA transistor package for surface-mount applications; suffix ‘U’ is a
miniature three-lead plastic SIP, while ‘UA’ is a three-lead ultra-mini-
SIP.  All devices are rated for continuous operation over the temperature
range of -20°C to +85°C.
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Always order by complete part number, e.g.,  UGN3503UA  .

FEATURES

�  Extremely Sensitive
�  Flat Response to 23 kHz
�  Low-Noise Output
�  4.5 V to 6 V Operation
�  Magnetically Optimized Package
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3503
RATIOMETRIC,
LINEAR
HALL-EFFECT SENSORS

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036  (508) 853-5000

ELECTRICAL CHARACTERISTICS at T
A

 = +25°C, V
CC

 = 5 V

FUNCTIONAL BLOCK DIAGRAM

VCC

X

Dwg. FH-007

GROUND

OUTPUT3

2

REG.

1

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units

Operating Voltage V
CC

4.5 — 6.0 V

Supply Current I
CC

— 9.0 13 mA

Quiescent Output Voltage V
OUT

B = 0 G 2.25 2.50 2.75 V

Sensitivity ∆V
OUT

B = 0 G to ±900 G 0.75 1.30 1.75 mV/G

Bandwidth (-3 dB) BW — 23 — kHz

Broadband Output Noise V
out

BW = 10 Hz to 10 kHz — 90 — µV

Output Resistance R
OUT

— 50 220 Ω

Copyright © 1985, 1999, Allegro MicroSystems, Inc.

All output-voltage measurements are made with a voltmeter having an input impedance of at least 10 kΩ.

Magnetic flux density is measured at most sensitive area of device located 0.016" (0.41 mm) below the branded face of the ‘U’
package; 0.020" (0.51 mm) below the branded face of the ‘UA’ package; and 0.030" (0.76 mm) below the branded face of the ‘LT’
package.
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SUPPLY CURRENT AS A

FUNCTION OF SUPPLY VOLTAGE

DEVICE SENSITIVITY AS A

FUNCTION OF SUPPLY VOLTAGE

OUTPUT NULL VOLTAGE AS A

FUNCTION OF SUPPLY VOLTAGE

LINEARITY AND SYMMETRY AS A

FUNCTION OF SUPPLY VOLTAGE

OUTPUT VOLTAGE AS A
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3503
RATIOMETRIC,
LINEAR
HALL-EFFECT SENSORS

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036  (508) 853-5000

GEAR TOOTH SENSOR

CURRENT MONITOR

OPERATION

The output null voltage (B = 0 G) is nominally one-half the supply
voltage. A south magnetic pole, presented to the branded face of the Hall-
effect sensor will drive the output higher than the null voltage level. A north
magnetic pole will drive the output below the null level.

In operation, instantaneous and proportional output-voltage levels are
dependent on magnetic flux density at the most sensitive area of the device.
Greatest sensitivity is obtained with a supply voltage of 6 V, but at the cost of
increased supply current and a slight loss of output symmetry. The sensor's
output is usually capacitively coupled to an amplifier that boosts the output
above the millivolt level.

In two applications shown, a permanent bias magnet is attached with
epoxy glue to the back of the epoxy package. The presence of ferrous material
at the face of the package acts as a flux concentrator.

The south pole of a magnet is attached to the back of the package if the
Hall-effect IC is to sense the presence of ferrous material. The north pole of a
magnet is attached to the back surface if the integrated circuit is to sense the
absence of ferrous matrial.

Calibrated linear Hall devices, which can be used to determine the actual
flux density presented to the sensor in a particular application, are available.

SUFFIX “LT”                     SUFFIX “UA”

Dwg. A-12,513

Dwg. A-12,512

N

3
12

NOTCH SENSOR

Dwg.   A-12,574

SENSOR LOCATIONS

SUFFIX “U”

A

1 3

Dwg. MH-002-5C

0.015"
0.38 mm
NOM

0.072"
1.83 mm

BRANDED
SURFACE

ACTIVE AREA DEPTH

2

0.093"
2.37 mm

0.042"
1.08 mm

1 32

Dwg. MH-008-9

0.030"
0.76 mm
NOM

ACTIVE AREA DEPTH

0.091"
2.32 mm

A

1 3

Dwg. MH-011-3C

0.018"
0.46 mm
NOM

BRANDED
SURFACE

ACTIVE AREA DEPTH

2

0.056"
1.43 mm

A

0.084"
2.13 mm



3503
RATIOMETRIC,

LINEAR
HALL-EFFECT SENSORS

Dimensions in Inches
(for reference only)

Dimensions in Millimeters
(controlling dimensions)

UGN3503LT
(SOT-89/TO-243AA)

NOTE:Exact body and lead configuration at vendor’s option within limits shown.

1

B

0.098

0.031

0.102

0.047

0.181

0.079

Dwg. MA-012-3 in

Pads 1, 2, 3, and A — Standard SOT-89 Layout
Pads 1, 2, 3, and B — Low-Stress Version
Pads 1, 2, and 3 only — Lowest Stress, But Not Self Aligning

2

0.028
TYP

0.031
TYP

A

3

Dwg. MA-009-3 in

1 2 3

0.064
0.072

0.155
0.167

0.059
BSC

0.014
0.0190.035

0.047

0.090
0.102

0.055
0.063

0.014
0.017

0.084
0.090

0.017
0.022

0.118
BSC

0.173
0.181

Dwg. MA-009-3 mm

1 2 3

4.40
4.60
1.62
1.83

3.94
4.25

1.50
BSC

0.36
0.480.89

1.20

2.29
2.60

1.40
1.60

0.35
0.44

2.13
2.29

0.44
0.56

3.00
BSC

1 3

B

2.5

0.8

2.6

1.2

4.6

2.0

Dwg. MA-012-3 mm

Pads 1, 2, 3, and A — Standard SOT-89 Layout
Pads 1, 2, 3, and B — Low-Stress Version
Pads 1, 2, and 3 only — Lowest Stress, But Not Self Aligning

2

0.7
TYP

0.8
TYP

A



3503
RATIOMETRIC,
LINEAR
HALL-EFFECT SENSORS

115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036  (508) 853-5000

Dimensions in Inches
(controlling dimensions)

Dimensions in Millimeters
(for reference only)

Dwg. MH-003D in

0.063
0.059

0.018

0.015

0.016

0.050

1 2 3

0.100

45°

SEE NOTE

0.183
0.178

0.181
0.176

0.600
0.560

0.086
MAX

UGN3503U

Dwg. MH-003D mm

1.60
1.50

0.46

0.38

0.41

1.27

1 2 3

2.54

45°

SEE NOTE

4.65
4.52

4.60
4.47

15.24
14.23

2.18
MAX

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor’s option within limits shown.

3. Height does not include mold gate flash.

4. Recommended minimum PWB hole diameter to clear transition area is 0.035" (0.89 mm).

5. Minimum lead length was 0.500" (12.70 mm). If existing product to the original specifications is not acceptable,
contact sales office before ordering.

Devices in the ‘U’ package are

NOT RECOMMENDED FOR NEW DESIGN



3503
RATIOMETRIC,

LINEAR
HALL-EFFECT SENSORS

Dimensions in Inches
(controlling dimensions)

Dimensions in Millimeters
(for reference only)

UGN3503UA

Dwg. MH-014D mm

4.17
4.04

1.57
1.47

0.38

1.27
BSC

45°

16.26
15.24

0.41

2.16
MAX

45°

0.791 2 3

3.10
2.97

SEE NOTE

Dwg. MH-014D in

0.164
0.159

0.062
0.058

0.015

0.050
BSC

45°

0.640
0.600

0.016

0.085
MAX

45°

0.0311 2 3

0.122
0.117

SEE NOTE

NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor’s option within limits shown.

3. Height does not include mold gate flash.

4. Minimum lead length was 0.500" (12.70 mm). If existing product to the original specifications is not acceptable,
contact sales office before ordering.
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115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036  (508) 853-5000

Allegro MicroSystems, Inc. reserves the right to make, from time to

time, such departures from the detail specifications as may be

required to permit improvements in the design of its products.

The information included herein is believed to be accurate and

reliable.  However, Allegro MicroSystems, Inc. assumes no responsi-

bility for its use; nor for any infringements of patents or other rights of

third parties which may result from its use.
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■ LARGE INPUT VOLTAGE RANGE

■ NO LATCH-UP

■ HIGH GAIN

■ SHORT-CIRCUIT PROTECTION

■ NO FREQUENCY COMPENSATION

■ REQUIRED

■ SAME PIN CONFIGURATION AS THE UA709

DESCRIPTION

The UA741 is a high performance monolithic oper-
ational amplifier constructed on a single silicon
chip. It is intented for a wide range of analog appli-
cations.

■ Summing amplifier

■ Voltage follower

■ Integrator

■ Active filter

■ Function generator

The high gain and wide range of operating voltag-
es provide superior performances in integrator,
summing amplifier and general feedback applica-
tions. The internal compensation network (6dB/
octave) insures stability in closed loop circuits.

ORDER CODE

N = Dual in Line Package (DIP)
D = Small Outline Package (SO) - also available in Tape & Reel (DT)

PIN CONNECTIONS (top view)

Part Number Temperature Range
Package

N D

UA741C 0°C, +70°C • •
UA741I -40°C, +105°C • •
UA741M -55°C, +125°C • •
Example : UA741CN

N
DIP8

(Plastic Package)

D
SO8

(Plastic Micropackage)

1

2

3

4

8

6

5

7

1 - Offset null 1
2 - Inverting input
3 - Non-inverting input
4 - VCC

-

5 - Offset null 2
6 - Output
7 - VCC

+

8 - N.C.

GENERAL PURPOSE
SINGLE OPERATIONAL AMPLIFIER

November 2001

UA741
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SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter UA741M UA741I UA741C Unit

VCC Supply voltage ±22 V

Vid Differential Input Voltage ±30 V

Vi Input Voltage ±15 V

Ptot Power Dissipation 1)

1. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.

500 mW

Output Short-circuit Duration Infinite

Toper Operating Free-air Temperature Range -55 to +125 -40 to +105 0 to +70 °C

Tstg Storage Temperature Range -65 to +150 °C

Non-Inverting input

Q8 Q9 Q12

Q1 Q2

R5
39kΩQ3 Q4

Q7

Q5 Q6 Q10 Q11

R1
1kΩ

R12
50kΩ

Vcc-

Q17

Q16

Q20

R10
50Ω

Output

R9
25Ω

Q14

Q15

Vcc+

Q13

C1
30pF

Inverting
input

Offset
null 2

R2
1kΩ

R3
50kΩ

Offset
null 1

R4
5kΩ

Q18

R7
4.5kΩ

R8
7.5kΩ

Q22

R11
50Ω
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ELECTRICAL CHARACTERISTICS
VCC = ±15V, Tamb = +25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit

Vio

Input Offset Voltage (Rs ≤ 10kΩ)
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

1 5
6

mV

Iio

Input Offset Current
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

2 30
70

nA

Iib

Input Bias Current
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

10 100
200

nA

Avd

Large Signal Voltage Gain (Vo = ±10V, RL = 2kΩ)
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

50
25

200

V/mV

SVR

Supply Voltage Rejection Ratio (Rs ≤ 10kΩ)
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

77
77

90
dB

ICC

Supply Current, no load
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

1.7 2.8
3.3

mA

Vicm

Input Common Mode Voltage Range
Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

±12
±12

V

CMR
Common Mode Rejection Ratio (RS ≤ 10kΩ)

Tamb = +25°C
Tmin ≤ Tamb ≤ Tmax

70
70

90
dB

IOS Output short Circuit Current 10 25 40 mA

±Vopp

Output Voltage Swing
Tamb = +25°C RL = 10kΩ

RL = 2kΩ
Tmin ≤ Tamb ≤ Tmax RL = 10kΩ

RL = 2kΩ

12
10
12
10

14
13

V

SR
Slew Rate

Vi = ±10V, RL = 2kΩ, CL = 100pF, unity Gain 0.25 0.5
V/µs

tr
Rise Time

Vi = ±20mV, RL = 2kΩ, CL = 100pF, unity Gain 0.3
µs

Kov
Overshoot

Vi = 20mV, RL = 2kΩ, CL = 100pF, unity Gain 5
%

Ri Input Resistance 0.3 2 MΩ

GBP
Gain Bandwith Product

Vi = 10mV, RL = 2kΩ, CL = 100pF, f =100kHz 0.7 1
MHz

THD
Total Harmonic Distortion

f = 1kHz, Av = 20dB, RL = 2kΩ, Vo = 2Vpp, CL = 100pF,Tamb = +25°C 0.06
%

en
Equivalent Input Noise Voltage

f = 1kHz, Rs = 100Ω 23

∅ m Phase Margin 50 Degrees

nV

Hz
------------
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PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

Dim.
Millimeters Inches

Min. Typ. Max. Min. Typ. Max.

A 3.32 0.131
a1 0.51 0.020

B 1.15 1.65 0.045 0.065

b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012

D 10.92 0.430

E 7.95 9.75 0.313 0.384
e 2.54 0.100

e3 7.62 0.300

e4 7.62 0.300
F 6.6 0260

i 5.08 0.200
L 3.18 3.81 0.125 0.150

Z 1.52 0.060
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PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

Dim.
Millimeters Inches

Min. Typ. Max. Min. Typ. Max.

A 1.75 0.069

a1 0.1 0.25 0.004 0.010
a2 1.65 0.065

a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019

b1 0.19 0.25 0.007 0.010

C 0.25 0.5 0.010 0.020
c1 45° (typ.)

D 4.8 5.0 0.189 0.197

E 5.8 6.2 0.228 0.244
e 1.27 0.050

e3 3.81 0.150

F 3.8 4.0 0.150 0.157
L 0.4 1.27 0.016 0.050

M 0.6 0.024

S 8° (max.)

b 

e3 

A
 

a2
 

s 

L 

C
 

E 

c1 

a3
 

b1
 

a1
 

D 
M 

8 5 

1 4 

F
 

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibil ity for the
consequences of use of such information nor for any infring ement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publ ication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or
systems withou t express written approval of STMicroelectronics.

 The ST logo is a registered trademark of STMicroelectronics

 2001 STMicroelectronics - Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan - Malaysia
Malta - Morocco - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States

 http://www.st.com
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2N3904

SMALL SIGNAL NPN TRANSISTOR
PRELIMINARY DATA

■ SILICON EPITAXIAL PLANAR NPN
TRANSISTOR

■ TO-92 PACKAGE SUITABLE FOR
THROUGH-HOLE PCB ASSEMBLY

■ THE PNP COMPLEMENTARY TYPE IS
2N3906

APPLICATIONS                                                    
■ WELL SUITABLE FOR TV AND HOME

APPLIANCE EQUIPMENT
■ SMALL LOAD SWITCH TRANSISTOR WITH

HIGH GAIN AND LOW SATURATION
VOLTAGE

®

INTERNAL  SCHEMATIC  DIAGRAM

June 2002 

TO-92

Type Marking

2N3904 2N3904

ABSOLUTE  MAXIMUM  RATINGS

Symbol Parameter Value Unit

VCBO Collector-Base Voltage (IE = 0) 60 V

VCEO Collector-Emitter Voltage (IB = 0) 40 V

VEBO Emitter-Base Voltage (IC = 0) 6 V

IC Collector Current 200 mA

Ptot Total Dissipation at TC = 25 oC 625 mW

Tstg Storage Temperature -65 to 150 oC

Tj Max. Operating Junction Temperature 150 oC

1/4



THERMAL  DATA

Rthj-amb • 
Rthj-case • 

Thermal  Resistance  Junction-Ambient                      Max
Thermal  Resistance  Junction-Case                          Max

200
83.3

oC/W
oC/W

ELECTRICAL  CHARACTERISTICS  (Tcase = 25 oC unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit

ICEX Collector Cut-off
Current (VBE = -3 V)

VCE = 30 V 50 nA

IBEX Base Cut-off Current
(VBE = -3 V)

VCE = 30 V 50 nA

V(BR)CEO∗ Collector-Emitter
Breakdown Voltage
(IB = 0)

IC = 1 mA 40 V

V(BR)CBO Collector-Base
Breakdown Voltage
(IE = 0)

IC = 10 µA 60 V

V(BR)EBO Emitter-Base
Breakdown Voltage
(IC = 0)

IE = 10 µA  6 V

VCE(sat)∗ Collector-Emitter
Saturation Voltage

IC = 10 mA        IB = 1 mA
IC = 50 mA        IB = 5 mA

0.2
0.2

V
V

VBE(sat)∗ Base-Emitter
Saturation Voltage

IC = 10 mA        IB = 1 mA
IC = 50 mA        IB = 5 mA 0.65

0.85
0.95

V
V

hFE∗ DC Current Gain IC = 0.1 mA       VCE = 1 V
IC = 1 mA          VCE = 1 V
IC = 10 mA        VCE = 1 V
IC = 50 mA        VCE = 1 V
IC = 100 mA      VCE = 1 V

60
80

100
60
30

300

fT Transition Frequency IC = 10 mA  VCE = 20 V  f = 100 MHz 250 270 MHz

CCBO Collector-Base
Capacitance

IE = 0       VCB = 10 V     f = 1 MHz 4 pF

CEBO Emitter-Base
Capacitance

IC = 0       VEB = 0.5 V    f = 1 MHz 18 pF

NF Noise Figure VCE = 5 V   IC = 0.1 mA   f = 10 Hz
to 15.7 KHz    RG = 1 KΩ

5 dB

td

tr

Delay Time
Rise Time

IC = 10 mA            IB = 1 mA
VCC = 30 V      

35
35

ns
ns

ts

tf
Storage Time
Fall Time

IC = 10 mA            IB1 = -IB2 = 1 mA
VCC = 30 V      

200
50

ns
ns

∗ Pulsed: Pulse duration = 300 µs, duty cycle ≤ 2 %

2N3904
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DIM.
mm inch

MIN. TYP. MAX. MIN. TYP. MAX.

A 4.32 4.95 0.170 0.195

b 0.36 0.51 0.014 0.020

D 4.45 4.95 0.175 0.194

E 3.30 3.94 0.130 0.155

e 2.41 2.67 0.095 0.105

e1 1.14 1.40 0.045 0.055

L 12.70 15.49 0.500 0.609

R 2.16 2.41 0.085 0.094

S1 1.14 1.52 0.045 0.059

W 0.41 0.56 0.016 0.022

V 4 degree 6 degree 4 degree 6 degree

TO-92 MECHANICAL DATA

2N3904
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
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November 1995

  2N7000 / 2N7002 / NDS7002A
  N-Channel Enhancement Mode Field Effect Transistor
  

  General Description           Features

___________________________________________________________________________________________

                                         

Absolute Maximum Ratings    TA = 25°C unless otherwise noted
Symbol Parameter 2N7000 2N7002 NDS7002A Units

VDSS Drain-Source Voltage 60 V

VDGR Drain-Gate Voltage (RGS  < 1 MΩ) 60 V

VGSS Gate-Source Voltage - Continuous ±20 V

                       - Non Repetitive (tp < 50µs) ±40

ID Maximum Drain Current - Continuous     200 115 280 mA
      - Pulsed 500 800 1500

PD Maximum Power Dissipation 400 200 300 mW

Derated above 25oC                                  3.2 1.6 2.4 mW/°C
TJ,TSTG Operating and Storage Temperature Range -55 to 150 -65 to 150 °C

TL Maximum Lead Temperature for  Soldering
Purposes, 1/16" from Case for 10 Seconds

300 °C

THERMAL CHARACTERISTICS

RθJA
Thermal Resistance, Junction-to-Ambient 312.5 625 417 °C/W

2N7000.SAM Rev. A1

These  N-Channel enhancement mode field effect transistors
are produced using Fairchild's proprietary, high cell density,
DMOS technology. These products have been designed to
minimize on-state resistance while provide rugged, reliable,
and fast switching performance. They can be used in most
applications requiring up to 400mA DC and can deliver
pulsed currents up to 2A. These products are particularly
suited for low voltage, low current applications such as small
servo motor control, power MOSFET gate drivers, and other
switching applications.

High density cell design for low RDS(ON).

Voltage controlled small signal switch.

Rugged and reliable. 

High saturation current capability.

S

D

G

S
G

D

TO-92           

© 1997 Fairchild Semiconductor Corporation

2N7000           
(TO-236AB)       

2N7002/NDS7002A       



Electrical Characteristics TA = 25°C unless otherwise noted

Symbol Parameter Conditions Type Min Typ Max Units

OFF CHARACTERISTICS

BVDSS Drain-Source Breakdown Voltage VGS = 0 V, ID = 10 µA All 60 V

IDSS Zero Gate Voltage  Drain Current VDS = 48 V, VGS = 0 V 2N7000  1 µA

TJ=125°C 1 mA
VDS = 60 V, VGS = 0 V 2N7002

NDS7002A
1 µA

TJ=125°C 0.5 mA
IGSSF Gate - Body Leakage, Forward VGS = 15 V, VDS = 0 V 2N7000 10 nA

VGS = 20 V, VDS = 0 V 2N7002
NDS7002A

100 nA

IGSSR Gate - Body Leakage, Reverse VGS = -15 V, VDS = 0 V 2N7000 -10 nA
VGS = -20 V, VDS = 0 V 2N7002

NDS7002A
-100 nA

ON CHARACTERISTICS (Note 1)

VGS(th) Gate Threshold Voltage VDS = VGS, ID = 1 mA 2N7000 0.8 2.1 3 V

VDS = VGS, ID = 250 µA 2N7002
NDS7002A

1 2.1 2.5

RDS(ON) Static Drain-Source On-Resistance VGS = 10 V, ID = 500 mA 2N7000 1.2 5 Ω
TJ =125°C 1.9 9

VGS = 4.5 V, ID = 75 mA 1.8 5.3
VGS = 10 V, ID = 500 mA 2N7002 1.2 7.5

TJ =100°C 1.7 13.5
VGS = 5.0 V, ID = 50 mA 1.7 7.5

TJ =100C 2.4 13.5
VGS = 10 V, ID = 500 mA NDS7002A 1.2 2

TJ =125°C 2 3.5
VGS = 5.0 V, ID = 50 mA 1.7 3

TJ =125°C 2.8 5
VDS(ON) Drain-Source  On-Voltage VGS = 10 V,  ID = 500 mA 2N7000 0.6 2.5 V

VGS = 4.5 V,  ID = 75 mA 0.14 0.4
VGS = 10 V,  ID = 500mA 2N7002 0.6 3.75
VGS = 5.0 V,  ID = 50 mA 0.09 1.5
VGS = 10 V,  ID = 500mA NDS7002A 0.6 1
VGS = 5.0 V,  ID = 50 mA 0.09 0.15

2N7000.SAM Rev. A1



Electrical Characteristics TA = 25oC unless otherwise noted

Symbol Parameter Conditions Type Min Typ Max Units
ON CHARACTERISTICS Continued (Note 1)

ID(ON) On-State Drain Current VGS = 4.5 V,  VDS = 10 V 2N7000 75 600 mA
VGS = 10 V,  VDS >  2 VDS(on) 2N7002 500 2700
VGS = 10 V,  VDS >  2 VDS(on) NDS7002A 500 2700

gFS Forward Transconductance VDS = 10 V, ID = 200 mA 2N7000 100 320 mS
VDS >  2 VDS(on), ID = 200 mA 2N7002 80 320
VDS >  2 VDS(on), ID = 200 mA NDS7002A 80 320

DYNAMIC CHARACTERISTICS
Ciss Input Capacitance VDS = 25 V,  VGS = 0 V,

 f  = 1.0 MHz
All 20 50   pF

Coss Output Capacitance All 11 25   pF
Crss Reverse Transfer Capacitance All 4 5   pF
ton Turn-On Time VDD = 15 V, RL = 25 Ω, 

ID = 500 mA, VGS = 10 V, 
RGEN  = 25 

2N7000 10 ns

VDD = 30 V, RL = 150 Ω,
ID = 200 mA, VGS = 10 V,
RGEN  = 25 Ω

2N700
NDS7002A

20

toff Turn-Off Time VDD = 15 V, RL = 25 Ω, 
ID = 500 mA, VGS = 10 V, 
RGEN  = 25 

2N7000 10 ns

VDD = 30 V, RL = 150 Ω,
ID = 200 mA, VGS = 10 V,
RGEN  = 25 Ω

2N700
NDS7002A

20

DRAIN-SOURCE DIODE CHARACTERISTICS AND MAXIMUM RATINGS
IS Maximum Continuous Drain-Source Diode Forward Current 2N7002 115 mA

NDS7002A 280
ISM Maximum Pulsed Drain-Source Diode Forward Current 2N7002 0.8 A

NDS7002A 1.5
VSD Drain-Source Diode Forward

Voltage
VGS = 0 V,  IS = 115 mA (Note 1) 2N7002 0.88 1.5 V
VGS = 0 V,  IS = 400 mA (Note 1) NDS7002A 0.88 1.2

  Note:
1. Pulse Test: Pulse Width < 300µs, Duty Cycle < 2.0%.

2N7000.SAM Rev. A1
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Typical Electrical Characteristics

Figure 1. On-Region Characteristics Figure 2. On-Resistance Variation with Gate
Voltage and Drain Current

Figure 3. On-Resistance Variation
with Temperature

Figure 4. On-Resistance Variation with Drain
Current and Temperature

Figure 5. Transfer Characteristics Figure 6. Gate Threshold Variation with
Temperature
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Figure 17. SOT-23, 2N7002 / NDS7002A Transient Thermal Response Curve
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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.
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Using a DC Motor as a Tachometer 

 
Team 358 - Hauppauge, NY 

 
Here is an out of the ordinary use for a small motor, turning normal motor usage on it's head by running the 
motor as a weak generator and source of electrical energy rather than as a source of mechanical power and user 
of electricity. Speed is proportional to the electric current generated by the device. No power is necessary or 
desired when the motor is hooked up as a tachometer (tach) and basically becomes a generator. You cannot 
recharge your batteries and it would be silly to attempt to do so, but when the voltage produced is scaled by an 
adjustable circuit to be within the 0-5 volt range of the FIRST robot controller analog input you have yourself a 
simple speedometer. Commercial tachometers can be purchased for the job, but tend to be expensive in return 
for high accuracy and efficiency.  
It's main advantages are: instantaneous speed measurement, best suited for high revolution per minute (rpm) 
measurement, easy to integrate mechanically & as a program analog input, easy to adjust, no extra gearing 
necessary, inexpensive, no processing overhead, and hardy. Disadvantages over other sensors include being 
bulkier. 

A tachometer… 
Tells you how fast something is spinning. It returns a value directly proportional to the rotational speed of a 
spinning mechanism such as a wheel, motor, or shaft. You see them on some cars telling you the rpm of the 
engine. A tachometer is not used to count wheel turns, but is a measure of the speed alone and is often used on 
mechanisms that spin in only one direction. 

Tachometer feedback is useful for: 
 Setting or limiting the speed of a spinning object 
 Monitoring the spin rate for dangerous conditions 
 Acting when rpm's reach predetermined values, for example, automatic gear shifting 

 
Tachometers can be made from other sensors, not just DC motors. For example, encoders or light beam sensors 
counting revolutions, with some processing overhead, can be used to produce a tachometer-like rotary speed 
measurement. However, a real tach measures instantaneous speed while counting revolutions indicates only 
average speed over some time interval. Every sensor has unique drawbacks as well as advantages of their own.  
 

Design considerations: 
 Judge the suitability of a tach for your application. If you're making sure a wheel doesn't spin too fast a 

tach is great, however, if you need to measure how many times the wheel has spun then a tach isn't the 
answer. 

 Match maximum tach motor rpm vs. rpm to be measured  - chose a motor to match the maximum rated 
rpm of your rotating object. You want one that generates a healthy voltage at the maximum rpm. You 
will cut back excess voltage with resistors, but it's difficult to beef up voltage that just isn't there. 

 It isn't difficult to match motor characteristics to the minimum/maximum rpm operating range since 
whatever the voltage resistors will map it into the 0-5v range of the FIRST Robot Controller (RC). Your 
choice of resistors can emphasize any particular range of speeds that are important to your application. 



For tach applications just experiment with spinning motors at the maximum rpm to see what voltage 
each produces.  

 How to physically mount the tachometer and mechanically engaging it with the rotating wheel, shaft, 
motor, etc. Will the motor you chose be required to take side loads? 

 Is a one direction or a bi-directional tach necessary? In either case the tach must be wired to receive 
positive voltage at the RC. A sample circuit is shown later for a tach that only spins in one direction, but 
a modified circuit that includes directional diodes is required for converting both positive & negative 
tach voltage into the RC's positive 0-5v range. 

 Tradeoffs such as tachometer noise vs. accuracy  / quick response vs software filtering. A DC motor 
tach doesn't return a pure flat-line value, but one that has tiny fluctuations due to the motor brushes 
constantly making and breaking contact with the commutator. This might be a consideration if your 
application requires high accuracy, but typically you'll only notice it on a detailed plot of the tach data.. 

 You can borrow a commercial tach to calibrate yours if you want to know exactly how each voltage 0-
5v corresponds to a specific rpm. 

Wiring: 
Spin the tach at the maximum rpm you expect to see and measure the voltage produced directly from the 
motor terminals with a multi-meter. Then it's a simple calculation to figure the resistance required to 
produce a positive voltage in the range 0 to 5 volts when it turns in the desired direction. You can easily test 
spin candidate tach motors by attaching them to a variable-speed drill so you can sample the voltage each 
generates. 
- The voltage generated by the tach during it's full range of motion must be normalized to the RC's range 

of 0-5v via resistors or an adjustable pot before connecting it to the RC. Calculate the resistance(R) 
needed using Ohm's Law, V=IR or R=V/I and your own measurement of the current produced. 

- If the tach is dedicated to one direction then use a diode to limit current direction and pass positive 
voltage only for the RC. 

- An adjustable potentiometer makes the tach easily tunable if the rpm's of your spinning system are still 
being changed. If desired the potentiometer can later be swapped for fixed resistors when the mechanical 
design has settled down and you've found the perfect resistant value. 

Software: 
No special software is required to use a DC motor tach – one of the reasons a tach can be a simple solution. 
The tach input comes to the RC via an analog input that your software polls. At it's simplest, poll when you 
want to know the current speed. The analog input directly corresponds to speed. The resolution of the 
analog input (1024) means that each analog point will equal some number of rpm. The exact rpm can only 
be determined by validating with a commercial tach, but it's usually not necessary to convert the analog 
value into human terms such as rpm. The software will check for and act on pre-determined analog values. 
Because it's really a motor the tach demonstrates regular minor reading fluctuations as the commutator 
brushes cross breaks. These can be smoothed or otherwise filtered out or ignored in software. 

 



One Implementation 
FIRST team 358, the Robotic Eagles, used this motor-based tachometer feedback to control our robot's 
shooter wheels in 2006's Aim High ensuring a steady, constant wheel speed of 2900rpm before the 
launch of each poof ball. The tach can be seen in an early mount on the top right of the following photo 
of our shooting system driven directly off the shaft of the top shooter wheel. The tach was later relocated 
to the bottom shooter wheel, but in a similar configuration. 

 

DC Motor:  
We used the small Matchubi motor that has come loose in the FIRST Kit-of-Parts for several years. It 
has an operational maximum of 4900 rpm, perfectly matched to our max. theoretical designed shooter 
wheel rpm. The shooter wheels were designed to be driven at half speed, so operationally the max rpm 
was roughly half that, but we designed the tach to operate up to the maximum possible designed speed. 
In practice with mechanical losses the maximum wheel rpm was actually around 4500. 

  

Wiring: 
The circuit on the next page is for a one directional tach feeding an analog input on the robot controller. 
The DC motor connections are wired to produce a positive voltage when it turns in the desired direction. 
If by accident the tach is run backwards a diode limits current direction and permit positive voltage only 
to the RC analog input. An adjustable potentiometer limits our maximum voltage to the 5v handled by 
the RC and makes the resistance easily tunable, but fixed resistors can be used. The end result of this 
circuit is that in it's final configuration each analog input of 1 represented ~4.76rpm of our shooter 
wheel. 



 

Mounting: 
The mounting was quite simple, one of the primary advantages of using a tachometer. The tach motor 
was attached to a mounting plate, the pinion passed through a hole in the plate and the pinion was 
connected directly in line to the wheel drive shaft with a piece of pneumatic tubing. To protect the end 
of the motor/wiring from risk of physical damage a short piece of PVC, the same diameter as the motor 
casing, was added over the motor terminals and the circuit at the back of the motor housing. The circuit 
components were secured by a liberal amount of hot melt glue (making it hard to show the pot and 
diodes in the photographs). Cooling isn't an issue with the tach motor as there isn't any stall condition 
and no heat is generated. 

  



Direct tach readout: 
We added an optional permanent electrical connector mount (visible in the right photo above) where we 
could attach standard multi-meter or oscilloscope probes for a direct readout of the voltage produced by 
the tachometer while it was operating. These made it simple for the electrical team to fine tune the 
variable potentiometer, quickly verify correct operation, trouble shoot, and monitor the tach output 
directly. 

Software: 
The tach reading comes into the robot controller via an analog input that was simply polled by the 
software at a convenient rate. A moving average was experimented with, but found to unnecessarily 
slow response for little gain in accuracy. The tach input was smoothed of minor fluctuations by zeroing 
the last two bits of the analog input (Get_Analog_Value(rc_ana_in02) & ~3), essentially giving us a 
deadband of 3 analog points which in this case represented an rpm deadband of 14 rpm accurate to half a 
percent. 
 
The following table are measurements we took of our tachometer validated with a commercial hand-held 
tachometer. In practical terms, the mapping of rpm to a specific analog input value was unnecessary and 
was not used. The desired speed of our spinning poof ball throwing wheels was found by repeatedly 
throwing balls until they consistently hit their target. Then we recorded and hard coded in software the 
corresponding analog input value to be maintained. The plot of Rpm vs. Voltage shows the relationship 
is very linear.  

Rpm vs. Voltage
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Volts rpm 

Analog 
input 
value 

0 0 0 
0.98 1000 200 
1.45 1500 297 
1.95 2000 399 

2.5 2500 512 
3 3000 614 

3.52 3500 720 
4.1 4000 839 

5 4878 1023 
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Silicon Epitaxial Planar Zener Diodes for Stabilized Power Supply
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Features

•  Glass package DO-41 structure ensures high reliability.

•  Wide spectrum from 3.3V through 36V of zener voltage provide flexible application.

Ordering Information

Type No. Mark Package Code

1N4728A through 1N4753A Type No. DO-41

Outline

1. Cathode
2. Anode

Cathode band
Type No.

1 2

Absolute Maximum Ratings

(Ta = 25°C)

Item Symbol Value Unit

Power dissipation Pd *1 1.0 W

Junction temperature Tj 200 °C

Storage temperature Tstg −65 to +200 °C

Note: 1. See Fig.3
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Electrical Characteristics

(Ta = 25°C)

VZ (V) *1 IR (µµµµA) ZZT (ΩΩΩΩ) ZZK (ΩΩΩΩ) I RSM (mA)*2

Test
Condition

Test
Condition

Test
Condition

Test
Condition

Type No. Max IZ (mA) Max VR (V) Max IZT (mA) Max IZK (mA) Max

1N4728A 3.3 ± 5 (%) 76 100 1.0 10 76 400 1.0 1380

1N4729A 3.6 ± 5 (%) 69 100 1.0 10 69 400 1.0 1260

1N4730A 3.9 ± 5 (%) 64 50 1.0 9 64 400 1.0 1190

1N4731A 4.3 ± 5 (%) 58 10 1.0 9 58 400 1.0 1070

1N4732A 4.7 ± 5 (%) 53 10 1.0 8 53 500 1.0 970

1N4733A 5.1 ± 5 (%) 49 10 1.0 7 49 550 1.0 890

1N4734A 5.6 ± 5 (%) 45 10 2.0 5 45 600 1.0 810

1N4735A 6.2 ± 5 (%) 41 10 3.0 2 41 700 1.0 730

1N4736A 6.8 ± 5 (%) 37 10 4.0 3.5 37 700 1.0 660

1N4737A 7.5 ± 5 (%) 34 10 5.0 4 34 700 0.5 605

1N4738A 8.2 ± 5 (%) 31 10 6.0 4.5 31 700 0.5 550

1N4739A 9.1 ± 5 (%) 28 10 7.0 5 28 700 0.5 500

1N4740A 10 ± 5 (%) 25 10 7.6 7 25 700 0.25 454

1N4741A 11 ± 5 (%) 23  5 8.4 8 23 700 0.25 414

1N4742A 12 ± 5 (%) 21  5 9.1 9 21 700 0.25 380

1N4743A 13 ± 5 (%) 19  5 9.9 10 19 700 0.25 344

1N4744A 15 ± 5 (%) 17  5 11.4 14 17 700 0.25 304

1N4745A 16 ± 5 (%) 15.5  5 12.2 16 15.5 750 0.25 285

1N4746A 18 ± 5 (%) 14.0  5 13.7 20 14.0 750 0.25 250

1N4747A 20 ± 5 (%) 12.5  5 15.2 22 12.5 750 0.25 225

1N4748A 22 ± 5 (%) 11.5  5 16.7 23 11.5 750 0.25 205

1N4749A 24 ± 5 (%) 10.5  5 18.2 25 10.5 750 0.25 190

1N4750A 27 ± 5 (%) 9.5  5 20.6 35 9.5 750 0.25 170

1N4751A 30 ± 5 (%) 8.5  5 22.8 40 8.5 1000 0.25 150

1N4752A 33 ± 5 (%) 7.5  5 25.1 45 7.5 1000 0.25 135

1N4753A 36 ± 5 (%) 7.0  5 27.4 50 7.0 1000 0.25 125

Notes: 1. Tested with DC

2. t = 1/120 sec reverse direction 1pulse
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Package Dimensions

Hitachi Code
JEDEC
EIAJ
Mass (reference value)

DO-41
Conforms
Conforms
0.38 g

Unit: mm

26.0 Min 5.2 Max 26.0 Min
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Disclaimer
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copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics.  Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges.  Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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■ MEDIUM SPEED OPERATION :
tPD = 60ns (Typ.) at 10V

■ QUIESCENT CURRENT SPECIFIED UP TO
20V

■ 5V, 10V AND 15V PARAMETRIC RATINGS
■ INPUT LEAKAGE CURRENT

II = 100nA (MAX) AT VDD = 18V TA = 25°C
■ 100% TESTED FOR QUIESCENT CURRENT
■ MEETS ALL REQUIREMENTS OF JEDEC

JESD13B ” STANDARD SPECIFICATIONS
FOR DESCRIPTION OF B SERIES CMOS
DEVICES”

DESCRIPTION
The HCF4081B is a monolithic integrated circuit
fabricated in Metal Oxide Semiconductor
technology available in DIP and SOP packages.
The HCF4081B QUAD 2 INPUT AND GATE
provide the system designer with direct

implementation of the AND function and
supplement the existing family of CMOS gates.

HCF4081B

QUAD 2 INPUT AND GATE

PIN CONNECTION

ORDER CODES
PACKAGE TUBE T & R

DIP HCF4081BEY
SOP HCF4081BM1 HCF4081M013TR

DIP SOP
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INPUT EQUIVALENT CIRCUIT PIN DESCRIPTION

TRUTH TABLE

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these conditions is
not implied.
All voltage values are referred to VSS pin voltage.

RECOMMENDED OPERATING CONDITIONS

PIN No SYMBOL NAME AND FUNCTION

1, 5, 8, 12 A, C, E, G Data Inputs

2, 6, 9, 13 B, D, F, H Data Inputs
3, 4, 10, 11 J, K, L, M Data Outputs

7 VSS Negative Supply Voltage

14 VDD Positive Supply Voltage

INPUTS OUTPUTS

A, C, E, G B, D, F, H J, K, L, M

L L L
L H L

H L L

H H H

Symbol Parameter Value Unit

VDD Supply Voltage -0.5 to +22 V

VI DC Input Voltage -0.5 to VDD + 0.5 V

II DC Input Current ± 10 mA

PD Power Dissipation per Package 200 mW

Power Dissipation per Output Transistor 100 mW

Top Operating Temperature -55 to +125 °C

Tstg Storage Temperature -65 to +150 °C

Symbol Parameter Value Unit

VDD Supply Voltage 3 to 20 V

VI Input Voltage 0 to VDD V

Top Operating Temperature -55 to 125 °C
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DC SPECIFICATIONS

The Noise Margin for both ”1” and ”0” level is: 1V min. with VDD=5V, 2V min. with VDD=10V, 2.5V min. with VDD=15V

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C, CL = 50pF, RL = 200KΩ, tr = tf = 20 ns)

(*) Typical temperature coefficient for all VDD value is 0.3 %/°C.

Symbol Parameter

Test Condition Value

UnitVI
(V)

VO
(V)

|IO|
(µA)

VDD
(V)

TA = 25°C -40 to 85°C -55 to 125°C

Min. Typ. Max. Min. Max. Min. Max.

IL Quiescent Current 0/5 5 0.01 0.25 7.5 7.5

µA
0/10 10 0.01 0.5 15 15

0/15 15 0.01 1 30 30
0/20 20 0.02 5 150 150

VOH High Level Output
Voltage

0/5 <1 5 4.95 4.95 4.95
V0/10 <1 10 9.95 9.95 9.95

0/15 <1 15 14.95 14.95 14.95

VOL Low Level Output
Voltage

5/0 <1 5 0.05 0.05 0.05
V10/0 <1 10 0.05 0.05 0.05

15/0 <1 15 0.05 0.05 0.05

VIH High Level Input
Voltage

0.5/4.5 <1 5 3.5 3.5 3.5
V1/9 <1 10 7 7 7

1.5/13.5 <1 15 11 11 11

VIL Low Level Input
Voltage

4.5/0.5 <1 5 1.5 1.5 1.5
V9/1 <1 10 3 3 3

13.5/1.5 <1 15 4 4 4

IOH Output Drive
Current

0/5 2.5 <1 5 -1.36 -3.2 -1.15 -1.1

mA
0/5 4.6 <1 5 -0.44 -1 -0.36 -0.36

0/10 9.5 <1 10 -1.1 -2.6 -0.9 -0.9
0/15 13.5 <1 15 -3.0 -6.8 -2.4 -2.4

IOL Output Sink
Current

0/5 0.4 <1 5 0.44 1 0.36 0.36

mA0/10 0.5 <1 10 1.1 2.6 0.9 0.9
0/15 1.5 <1 15 3.0 6.8 2.4 2.4

II Input Leakage
Current

0/18 Any Input 18 ±10-5 ±0.1 ±1 ±1 µA

CI Input Capacitance Any Input 5 7.5 pF

Symbol Parameter
Test Condition Value (*) Unit

VDD (V) Min. Typ. Max.

tPLH tPHL Propagation Delay Time 5 125 250

ns10 60 125
15 45 90

tTLH tTHL Output Transition Time 5 100 200

ns10 60 100
15 40 80
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TEST CIRCUIT

CL = 50pF or equivalent (includes jig and probe capacitance)
RL = 200KΩ
RT = ZOUT of pulse generator (typically 50Ω)

WAVEFORM : PROPAGATION DELAY TIMES (f=1MHz; 50% duty cycle)
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

a1 0.51 0.020

B 1.39 1.65 0.055 0.065

b 0.5 0.020

b1 0.25 0.010

D 20 0.787

E 8.5 0.335

e 2.54 0.100

e3 15.24 0.600

F 7.1 0.280

I 5.1 0.201

L 3.3 0.130

Z 1.27 2.54 0.050 0.100

Plastic DIP-14 MECHANICAL DATA

P001A
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 1.75 0.068

a1 0.1 0.2 0.003 0.007

a2 1.65 0.064

b 0.35 0.46 0.013 0.018

b1 0.19 0.25 0.007 0.010

C 0.5 0.019

c1 45° (typ.)

D 8.55 8.75 0.336 0.344

E 5.8 6.2 0.228 0.244

e 1.27 0.050

e3 7.62 0.300

F 3.8 4.0 0.149 0.157

G 4.6 5.3 0.181 0.208

L 0.5 1.27 0.019 0.050

M 0.68 0.026

S 8° (max.)

SO-14 MECHANICAL DATA

PO13G
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■ SCHMITT TRIGGER ACTION ON EACH 
INPUT WITH NO EXTERNAL COMPONENTS

■ HYSTERESIS VOLTAGE TYPICALLY 0.9V at 
VDD = 5V AND 2.3V at VDD = 10V

■ NOISE IMMUNITY GREATER THAN 50%OF 
VDD (Typ.)

■ NO LIMIT ON INPUT RISE AND FALL TIMES
■ QUIESCENT CURRENT SPECIFIED UP TO 

20V
■ STANDARDIZED SYMMETRICAL OUTPUT 

CHARACTERISTICS
■ 5V, 10V AND 15V PARAMETRIC RATINGS
■ INPUT LEAKAGE CURRENT 

II = 100nA (MAX) AT VDD = 18V TA = 25°C
■ 100% TESTED FOR QUIESCENT CURRENT 
■ MEETS ALL REQUIREMENTS OF JEDEC 

JESD13B " STANDARD SPECIFICATIONS 
FOR DESCRIPTION OF B SERIES CMOS 
DEVICES"

DESCRIPTION
The HCF4093B is a monolithic integrated circuit
fabricated in Metal Oxide Semiconductor
technology available in DIP and SOP packages. 

The HCF4093B type consists of  four schmitt
trigger circuits. Each circuit functions as a two
input NAND gate with schmitt trigger action on
both inputs. The gate switches at different points
for positive and negative going signals. The
difference between the positive voltage (VP) and
the negative voltage (VN) is defined as hysteresis
voltage (VH). 

HCF4093B

QUAD 2 INPUT NAND SCHMITT TRIGGER

  

PIN CONNECTION

ORDER CODES   

PACKAGE TUBE T & R

DIP HCF4093BEY

SOP HCF4093BM1 HCF4093M013TR

DIP SOP
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INPUT EQUIVALENT CIRCUIT    PIN DESCRIPTION     

TRUTH TABLE     

ABSOLUTE MAXIMUM RATINGS      

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these conditions is 
not implied.
All voltage values are referred to VSS pin voltage.

RECOMMENDED OPERATING CONDITIONS   

PIN No SYMBOL NAME AND FUNCTION

1, 2, 5, 6, 8, 
9, 12, 13

A, B, C, D, E, 
F, G, H

Data Inputs

3, 4, 10, 11 J, K, L, M Data Outputs

7 VSS Negative Supply Voltage

14 VDD Positive Supply Voltage

INPUTS OUTPUTS

A, C, E, G B, D, F, H J, K, L, M

L L H
L H H

H L H

H H L

Symbol Parameter Value Unit

VDD Supply Voltage -0.5 to +22 V

VI DC Input Voltage -0.5 to VDD + 0.5 V

II DC Input Current ± 10 mA

PD Power Dissipation per Package 200 mW

Power Dissipation per Output Transistor 100 mW

Top Operating Temperature -55 to +125 °C

Tstg Storage Temperature -65 to +150 °C

Symbol Parameter Value Unit

VDD Supply Voltage 3 to 20 V

VI Input Voltage 0 to VDD V

Top Operating Temperature -55 to 125 °C
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DC SPECIFICATIONS    

The Noise Margin for both "1" and "0" level is: 1V min. with VDD=5V, 2V min. with VDD=10V, 2.5V min. with VDD=15V
a : Input on terminals 1, 5, 8, 12 or 2, 6, 9, 13; other inputs to VDD.
b : Input on terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13; other inputs to VDD.

Symbol Parameter

Test Condition Value

UnitVI
(V)

VO
(V)

|IO|
(µA)

VDD
(V)

TA = 25°C -40 to 85°C -55 to 125°C

Min. Typ. Max. Min. Max. Min. Max.

IL Quiescent Current 0/5 5 0.02 1 30 30

µA
0/10 10 0.02 2 60 60

0/15 15 0.02 4 120 120
0/20 20 0.04 20 600 600

VOH High Level Output 
Voltage

0/5 <1 5 4.95 4.95 4.95
V0/10 <1 10 9.95 9.95 9.95

0/15 <1 15 14.95 14.95 14.95

VOL Low Level Output 
Voltage

5/0 <1 5 0.05 0.05 0.05
V10/0 <1 10 0.05 0.05 0.05

15/0 <1 15 0.05 0.05 0.05

VP Positive Trigger 
Threshold Voltage

a 5 2.2 2.9 3.6 2.2 3.6 2.2 3.6

V

a 10 4.6 5.9 7.1 4.6 7.1 4.6 7.1

a 15 6.8 8.8 10.8 6.8 10.8 6.8 10.8

b 5 2.6 3.3 4.0 2.6 4 2.6 4

b 10 5.6 7 8.2 5.6 8.2 5.6 8.2

b 15 6.3 9.4 12.7 6.3 12.7 6.3 12.7

VN Negative Trigger 
Threshold Voltage

a 5 0.9 1.9 2.8 0.9 2.8 0.9 2.8

V

a 10 2.5 3.9 5.2 2.5 5.2 2.5 5.2

a 15 4 5.8 7.4 4 7.4 4 7.4

b 5 1.4 2.3 3.2 1.4 3.2 1.4 3.2

b 10 3.4 5.1 6.6 3.4 6.6 3.4 6.6

b 15 4.8 7.3 9.6 4.8 9.6 4.8 9.6

VH Hysteresis Voltage a 5 0.3 0.9 1.6 0.3 1.6 0.3 1.6

V

a 10 1.2 2.3 3.4 1.2 3.4 1.2 3.4

a 15 1.6 3.5 5 1.6 5 1.6 5

b 5 0.3 0.9 1.6 0.3 1.6 0.3 1.6

b 10 1.2 2.3 3.4 1.2 3.4 1.2 3.4

b 15 1.6 3.5 5 1.6 5 1.6 5

IOH Output Drive 
Current

0/5 2.5 <1 5 -1.36 -3.2 -1.15 -1.1

mA
0/5 4.6 <1 5 -0.44 -1 -0.36 -0.36

0/10 9.5 <1 10 -1.1 -2.6 -0.9 -0.9
0/15 13.5 <1 15 -3.0 -6.8 -2.4 -2.4

IOL Output Sink 
Current

0/5 0.4 <1 5 0.44 1 0.36 0.36
mA0/10 0.5 <1 10 1.1 2.6 0.9 0.9

0/15 1.5 <1 15 3.0 6.8 2.4 2.4

II Input Leakage 
Current

0/18 Any Input 18 ±10-5 ±0.1 ±1 ±1 µA

CI Input Capacitance Any Input 5 7.5 pF
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DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C,  CL = 50pF, RL = 200KΩ,  tr = tf = 20 ns)

(*) Typical temperature coefficient for all VDD value is 0.3 %/°C.

TEST CIRCUIT   

CL = 50pF or equivalent (includes jig and probe capacitance)
RL = 200KΩ
RT = ZOUT of pulse generator (typically 50Ω)

WAVEFORM : PROPAGATION DELAY TIMES (f=1MHz; 50% duty cycle)                 

Symbol Parameter
Test Condition Value (*) Unit

VDD (V) Min. Typ. Max.

tPLH tPHL Propagation Delay Time 5 190 380
ns10 90 180

15 65 130

tTLH tTHL Output Transition Time 5 100 200
ns10 50 100

15 40 80
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

a1 0.51 0.020

B 1.39 1.65 0.055 0.065

b 0.5 0.020

b1 0.25 0.010

D 20 0.787

E 8.5 0.335

e 2.54 0.100

e3 15.24 0.600

F 7.1 0.280

I 5.1 0.201

L 3.3 0.130

Z 1.27 2.54 0.050 0.100

Plastic DIP-14 MECHANICAL DATA

P001A
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 1.75 0.068

a1 0.1 0.2 0.003 0.007

a2 1.65 0.064

b 0.35 0.46 0.013 0.018

b1 0.19 0.25 0.007 0.010

C 0.5 0.019

c1 45° (typ.)

D 8.55 8.75 0.336 0.344

E 5.8 6.2 0.228 0.244

e 1.27 0.050

e3 7.62 0.300

F 3.8 4.0 0.149 0.157

G 4.6 5.3 0.181 0.208

L 0.5 1.27 0.019 0.050

M 0.68 0.026

S 8° (max.)

SO-14 MECHANICAL DATA

PO13G
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■ SCHMITT TRIGGER ACTION WITH NO
EXTERNAL COMPONENTS

■ HYSTERESIS VOLTAGE (Typ.) :
0.9V at VDD = 5V
2.3V at VDD = 10V
3.5V at VDD = 15V

■ NOISE IMMUNITY GREATER THAN 50%
■ NO LIMIT ON INPUT RISE AND FALL TIME
■ LOW VDD TO VSS CURRENT DURING

SLOW INPUT RAMP
■ STANDARDIZED SYMMETRICAL OUTPUT

CHARACTERISTICS
■ QUIESCENT CURRENT SPECIFIED UP TO

20V
■ 5V, 10V AND 15V PARAMETRIC RATINGS
■ INPUT LEAKAGE CURRENT

II = 100nA (MAX) AT VDD = 18V TA = 25°C
■ 100% TESTED FOR QUIESCENT CURRENT
■ MEETS ALL REQUIREMENTS OF JEDEC

JESD13B ” STANDARD SPECIFICATIONS
FOR DESCRIPTION OF B SERIES CMOS
DEVICES”

DESCRIPTION
The HCF40106B is a monolithic integrated circuit
fabricated in Metal Oxide Semiconductor
technology available in DIP and SOP packages.

The HCF40106B consist of six Schmitt trigger
circuits. Each circuit functions as an inverter with
Schmitt trigger action on the input. The trigger
switches at different points for positive and
negative going signals. The difference between
the positive going voltage (VP) and the negative
going voltage (VN) is defined as hysteresis voltage
(VH).

HCF40106B

HEX SCHMITT TRIGGER

PIN CONNECTION

ORDER CODES
PACKAGE TUBE T & R

DIP HCF40106BEY
SOP HCF40106BM1 HCF40106M013TR

DIP SOP
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INPUT EQUIVALENT CIRCUIT PIN DESCRIPTION

TRUTH TABLE

FUNCTIONAL DIAGRAM

PIN No SYMBOL NAME AND FUNCTION

1, 3, 5, 9, 11,
13

A, B, C, D, E,
F

Data Inputs

2, 4, 6, 8, 10,
12

G, H, I, J, K,
L

Data Outputs

7 VSS Negative Supply Voltage

14 VDD Positive Supply Voltage

INPUTS OUTPUTS

A to F G to L

L H
H L
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LOGIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Absolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these conditions is
not implied.
All voltage values are referred to VSS pin voltage.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit

VDD Supply Voltage -0.5 to +22 V

VI DC Input Voltage -0.5 to VDD + 0.5 V

II DC Input Current ± 10 mA

PD Power Dissipation per Package 200 mW
Power Dissipation per Output Transistor 100 mW

Top Operating Temperature -55 to +125 °C

Tstg Storage Temperature -65 to +150 °C

Symbol Parameter Value Unit

VDD Supply Voltage 3 to 20 V

VI Input Voltage 0 to VDD V

Top Operating Temperature -55 to 125 °C
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DC SPECIFICATIONS

The Noise Margin for both ”1” and ”0” level is: 1V min. with VDD=5V, 2V min. with VDD=10V, 2.5V min. with VDD=15V

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C, CL = 50pF, RL = 200KΩ, tr = tf = 20 ns)

(*) Typical temperature coefficient for all VDD value is 0.3 %/°C.

Symbol Parameter

Test Condition Value

UnitVI
(V)

VO
(V)

|IO|
(µA)

VDD
(V)

TA = 25°C -40 to 85°C -55 to 125°C

Min. Typ. Max. Min. Max. Min. Max.

IL Quiescent Current 0/5 5 0.02 1 30 30

µA
0/10 10 0.02 2 60 60

0/15 15 0.02 4 120 120
0/20 20 0.04 20 600 600

VOH High Level Output
Voltage

0/5 <1 5 4.95 4.95 4.95
V0/10 <1 10 9.95 9.95 9.95

0/15 <1 15 14.95 14.95 14.95

VOL Low Level Output
Voltage

5/0 <1 5 0.05 0.05 0.05
V10/0 <1 10 0.05 0.05 0.05

15/0 <1 15 0.05 0.05 0.05

VP Positive Trigger
Threshold Voltage

5 2.2 2.9 3.6 2.2 3.6 2.2 3.6
V10 4.6 5.9 7.1 4.6 7.1 4.6 7.1

15 6.8 8.8 10.8 6.8 10.8 6.8 10.8

VN Negative Trigger
Threshold Voltage

5 0.9 1.9 2.8 0.9 2.8 0.9 2.8
V10 2.5 3.9 5.2 2.5 5.2 2.5 5.2

15 4 5.8 7.4 4 7.4 4 7.4

VH Hysteresis Voltage 5 0.3 0.9 1.6 0.3 1.6 0.3 1.6

V10 1.2 2.3 3.4 1.2 3.4 1.2 3.4

15 1.6 3.5 5 1.6 5 1.6 5
IOH Output Drive

Current
0/5 2.5 <1 5 -1.36 -3.2 -1.15 -1.1

mA
0/5 4.6 <1 5 -0.44 -1 -0.36 -0.36

0/10 9.5 <1 10 -1.1 -2.6 -0.9 -0.9
0/15 13.5 <1 15 -3.0 -6.8 -2.4 -2.4

IOL Output Sink
Current

0/5 0.4 <1 5 0.44 1 0.36 0.36

mA0/10 0.5 <1 10 1.1 2.6 0.9 0.9
0/15 1.5 <1 15 3.0 6.8 2.4 2.4

II Input Leakage
Current

0/18 Any Input 18 ±10-5 ±0.1 ±1 ±1 µA

CI Input Capacitance Any Input 5 7.5 pF

Symbol Parameter
Test Condition Value (*) Unit

VDD (V) Min. Typ. Max.

tPLH tPHL Propagation Delay Time 5 140 280

ns10 70 140
15 60 120

tTLH tTHL Output Transition Time 5 100 200

ns10 50 100
15 40 80
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TYPICAL APPLICATIONS

ASTABLE MULTIVIBRATOR MONOSTABLE MULTIVIBRATOR

WAVE SHAPER
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TEST CIRCUIT

CL = 50pF or equivalent (includes jig and probe capacitance)
RL = 200KΩ
RT = ZOUT of pulse generator (typically 50Ω)

WAVEFORM : PROPAGATION DELAY TIMES (f=1MHz; 50% duty cycle)
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

a1 0.51 0.020

B 1.39 1.65 0.055 0.065

b 0.5 0.020

b1 0.25 0.010

D 20 0.787

E 8.5 0.335

e 2.54 0.100

e3 15.24 0.600

F 7.1 0.280

I 5.1 0.201

L 3.3 0.130

Z 1.27 2.54 0.050 0.100

Plastic DIP-14 MECHANICAL DATA

P001A
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DIM.
mm. inch

MIN. TYP MAX. MIN. TYP. MAX.

A 1.75 0.068

a1 0.1 0.2 0.003 0.007

a2 1.65 0.064

b 0.35 0.46 0.013 0.018

b1 0.19 0.25 0.007 0.010

C 0.5 0.019

c1 45° (typ.)

D 8.55 8.75 0.336 0.344

E 5.8 6.2 0.228 0.244

e 1.27 0.050

e3 7.62 0.300

F 3.8 4.0 0.149 0.157

G 4.6 5.3 0.181 0.208

L 0.5 1.27 0.019 0.050

M 0.68 0.026

S 8° (max.)

SO-14 MECHANICAL DATA

PO13G
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� Wide Operating Voltage Range of 2 V to 6 V

� Outputs Can Drive Up To 10 LSTTL Loads

� Low Power Consumption, 20-µA Max ICC

� Typical tpd = 8 ns

� ±4-mA Output Drive at 5 V

� Low Input Current of 1 µA Max

1

2

3

4

5

6

7

14

13

12

11

10

9

8

1A
1Y
2A
2Y
3A
3Y

GND

VCC
6A
6Y
5A
5Y
4A
4Y

SN54HC04 . . . J OR W PACKAGE
SN74HC04 . . . D, N, NS, OR PW PACKAGE

(TOP VIEW)

3 2 1 20 19

9 10 11 12 13

4

5

6

7

8

18

17

16

15

14

6Y
NC
5A
NC
5Y

2A
NC
2Y
NC
3A

1Y 1A N
C

4Y 4A
V 6A

3Y
G

N
D

N
C

SN54HC04 . . . FK PACKAGE
(TOP VIEW)

C
C

NC – No internal connection

description/ordering information

The ’HC04 devices contain six independent inverters. They perform the Boolean function
Y = A in positive logic.

ORDERING INFORMATION

TA PACKAGE† ORDERABLE
PART NUMBER

TOP-SIDE
MARKING

PDIP – N Tube of25 SN74HC04N SN74HC04N

Tube of 50 SN74HC04D

SOIC – D Reel of 2500 SN74HC04DR HC04

40°C to 85°C
Reel of 250 SN74HC04DT

–40°C to 85°C
SOP – NS Reel of 2000 SN74HC04NSR HC04

Tube of 90 SN74HC04PW

TSSOP – PW Reel of 2000 SN74HC04PWR HC04

Reel of 250 SN74HC04PWT

CDIP – J Tube of 25 SNJ54HC04J SNJ54HC04J

–55°C to 125°C CFP – W Tube of 150 SNJ54HC04W SNJ54HC04W

LCCC – FK Tube of 55 SNJ54HC04FK SNJ54HC04FK
† Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

FUNCTION TABLE
(each inverter)

INPUT
A

OUTPUT
Y

H L

L H

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
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logic diagram (positive logic)

A Y

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)†

Supply voltage range, VCC –0.5 V to 7 V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Input clamp current, IIK (VI < 0 or VI > VCC) (see Note 1) ±20 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Output clamp current, IOK (VO < 0 or VO > VCC) (see Note 1) ±20 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Continuous output current, IO (VO = 0 to VCC) ±25 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Continuous current through VCC or GND ±50 mA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Package thermal impedance, θJA (see Note 2): D package 86°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

N package 80°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
NS package 76°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
PW package 113°C/W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Storage temperature range, Tstg –65°C to 150°C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

† Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54HC04 SN74HC04
UNIT

MIN NOM MAX MIN NOM MAX
UNIT

VCC Supply voltage 2 5 6 2 5 6 V

VCC = 2 V 1.5 1.5

VIH High-level input voltage VCC = 4.5 V 3.15 3.15 V

VCC = 6 V 4.2 4.2

VCC = 2 V 0.5 0.5

VIL Low-level input voltage VCC = 4.5 V 1.35 1.35 V

VCC = 6 V 1.8 1.8

VI Input voltage 0 VCC 0 VCC V

VO Output voltage 0 VCC 0 VCC V

VCC = 2 V 1000 1000

∆t/∆v Input transition rise/fall time VCC = 4.5 V 500 500 ns

VCC = 6 V 400 400

TA Operating free-air temperature –55 125 –40 85 °C

NOTE 3: All unused inputs of the device must be held at VCC or GND to ensure proper device operation. Refer to the TI application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS VCC
TA = 25°C SN54HC04 SN74HC04

UNITPARAMETER TEST CONDITIONS VCC
MIN TYP MAX MIN MAX MIN MAX

UNIT

2 V 1.9 1.998 1.9 1.9

IOH = –20 µA 4.5 V 4.4 4.499 4.4 4.4

VOH VI = VIH or VIL 6 V 5.9 5.999 5.9 5.9 V

IOH = –4 mA 4.5 V 3.98 4.3 3.7 3.84

IOH = –5.2 mA 6 V 5.48 5.8 5.2 5.34

2 V 0.002 0.1 0.1 0.1

IOL = 20 µA 4.5 V 0.001 0.1 0.1 0.1

VOL VI = VIH or VIL 6 V 0.001 0.1 0.1 0.1 V

IOL = 4 mA 4.5 V 0.17 0.26 0.4 0.33

IOL = 5.2 mA 6 V 0.15 0.26 0.4 0.33

II VI = VCC or 0 6 V ±0.1 ±100 ±1000 ±1000 nA

ICC VI = VCC or 0, IO = 0 6 V 2 40 20 µA

Ci 2 V to 6 V 3 10 10 10 pF

switching characteristics over recommended operating free-air temperature range, CL = 50 pF
(unless otherwise noted) (see Figure 1)

PARAMETER
FROM TO

VCC
TA = 25°C SN54HC04 SN74HC04

UNITPARAMETER
(INPUT) (OUTPUT)

VCC
MIN TYP MAX MIN MAX MIN MAX

UNIT

2 V 45 95 145 120

tpd A Y 4.5 V 9 19 29 24 ns

6 V 8 16 25 20

2 V 38 75 110 95

tt Y 4.5 V 8 15 22 19 ns

6 V 6 13 19 16

operating characteristics, TA = 25°C
PARAMETER TEST CONDITIONS TYP UNIT

Cpd Power dissipation capacitance per inverter No load 20 pF
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PARAMETER MEASUREMENT INFORMATION

VOLTAGE WAVEFORM
INPUT RISE AND FALL TIMES

50%50%
10%10%

90% 90%
VCC

0 V

tr tf

Input

VOLTAGE WAVEFORMS
PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

50%

50%50%
10%10%

90% 90%

VCC

VOH

VOL

0 V

tr tf

Input

In-Phase
Output

50%

tPLH tPHL

50% 50%
10% 10%

90%90%
VOH

VOL
trtf

tPHL tPLH

Out-of-Phase
Output

Test
Point

From Output
Under Test

CL = 50 pF
(see Note A)

LOAD CIRCUIT

NOTES: A. CL includes probe and test-fixture capacitance.
B. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following

characteristics: PRR ≤ 1 MHz, ZO = 50 Ω, tr = 6 ns, tf = 6 ns.
C. The outputs are measured one at a time with one input transition per measurement.
D. tPLH and tPHL are the same as tpd.

Figure 1. Load Circuit and Voltage Waveforms



PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

5962-8409801VCA ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

5962-8409801VDA ACTIVE CFP W 14 1 None Call TI Level-NC-NC-NC

84098012A ACTIVE LCCC FK 20 1 None Call TI Level-NC-NC-NC

8409801CA ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

8409801DA ACTIVE CFP W 14 1 None Call TI Level-NC-NC-NC

JM38510/65701B2A ACTIVE LCCC FK 20 1 None Call TI Level-NC-NC-NC

JM38510/65701BCA ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

JM38510/65701BDA ACTIVE CFP W 14 1 None Call TI Level-NC-NC-NC

SN54HC04J ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

SN74HC04D ACTIVE SOIC D 14 50 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

SN74HC04DBR ACTIVE SSOP DB 14 2000 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

SN74HC04DR ACTIVE SOIC D 14 2500 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM

SN74HC04DT ACTIVE SOIC D 14 250 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

SN74HC04N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU Level-NC-NC-NC

SN74HC04N3 OBSOLETE PDIP N 14 None Call TI Call TI

SN74HC04NSR ACTIVE SO NS 14 2000 Pb-Free
(RoHS)

CU NIPDAU Level-2-260C-1 YEAR/
Level-1-235C-UNLIM

SN74HC04PW ACTIVE TSSOP PW 14 90 Pb-Free
(RoHS)

CU NIPDAU Level-1-250C-UNLIM

SN74HC04PWLE OBSOLETE TSSOP PW 14 None Call TI Call TI

SN74HC04PWR ACTIVE TSSOP PW 14 2000 Pb-Free
(RoHS)

CU NIPDAU Level-1-250C-UNLIM

SN74HC04PWT ACTIVE TSSOP PW 14 250 Pb-Free
(RoHS)

CU NIPDAU Level-1-250C-UNLIM

SNJ54HC04FK ACTIVE LCCC FK 20 1 None Call TI Level-NC-NC-NC

SNJ54HC04J ACTIVE CDIP J 14 1 None Call TI Level-NC-NC-NC

SNJ54HC04W ACTIVE CFP W 14 1 None Call TI Level-NC-NC-NC

SNV54HC04J ACTIVE CDIP J 14 None Call TI Call TI

SNV54HC04W ACTIVE CFP W 14 None Call TI Call TI

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - May not be currently available - please check http://www.ti.com/productcontent for the latest availability information and additional
product content details.
None: Not yet available Lead (Pb-Free).
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
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Green (RoHS & no Sb/Br): TI defines "Green" to mean "Pb-Free" and in addition, uses package materials that do not contain halogens,
including bromine (Br) or antimony (Sb) above 0.1% of total product weight.

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDECindustry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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FK (S-CQCC-N**)     LEADLESS CERAMIC CHIP CARRIER

4040140/D 10/96

28 TERMINAL SHOWN

B

0.358
(9,09)

MAX

(11,63)

0.560
(14,22)

0.560

0.458

0.858
(21,8)

1.063
(27,0)

(14,22)

ANO. OF

MINMAX

0.358

0.660

0.761

0.458

0.342
(8,69)

MIN

(11,23)

(16,26)
0.640

0.739

0.442

(9,09)

(11,63)

(16,76)

0.962

1.165

(23,83)
0.938

(28,99)
1.141

(24,43)

(29,59)

(19,32)(18,78)

**

20

28

52

44

68

84

0.020 (0,51)

TERMINALS

0.080 (2,03)
0.064 (1,63)

(7,80)
0.307

(10,31)
0.406

(12,58)
0.495

(12,58)
0.495

(21,6)
0.850

(26,6)
1.047

0.045 (1,14)

0.045 (1,14)
0.035 (0,89)

0.035 (0,89)

0.010 (0,25)

121314151618 17

11

10

8

9

7

5

432

0.020 (0,51)
0.010 (0,25)

6

12826 27

19

21
B SQ

A SQ
22

23

24

25

20

0.055 (1,40)
0.045 (1,14)

0.028 (0,71)
0.022 (0,54)

0.050 (1,27)

NOTES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a metal lid.
D. The terminals are gold plated.
E. Falls within JEDEC MS-004
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DB (R-PDSO-G**)   PLASTIC SMALL-OUTLINE

4040065 /E 12/01

28 PINS SHOWN

Gage Plane

8,20
7,40

0,55
0,95

0,25

38

12,90

12,30

28

10,50

24

8,50

Seating Plane

9,907,90

30

10,50

9,90

0,38

5,60
5,00

15

0,22

14

A

28

1

2016

6,506,50

14

0,05 MIN

5,905,90

DIM

A  MAX

A  MIN

PINS **

2,00 MAX

6,90

7,50

0,65 M0,15

0°–�8°

0,10

0,09
0,25

NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
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NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
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SEMICONDUCTOR
TECHNICAL DATA

DUAL DIFFERENTIAL INPUT
OPERATIONAL AMPLIFIERS

ORDERING INFORMATION

PIN CONNECTIONS

Order this document by LM358/D

D SUFFIX
PLASTIC PACKAGE

CASE 751
(SO–8)

N SUFFIX
PLASTIC PACKAGE

CASE 626

1

1

8

8

 VEE/Gnd

Inputs A
Inputs B

Output B

Output A  VCC
–

–
+

+

1

2

3

4

8

7

6

5

(Top View)

Device
Operating

Temperature Range Package

LM2904VD

LM2904VN

LM258D

LM258N

LM358D

LM358N

SO–8

Plastic DIP

SO–8

Plastic DIP

SO–8

Plastic DIP

TA = –40° to +125°C

TA = –25° to +85°C

TA = 0° to +70°C

LM2904D

LM2904N

SO–8

Plastic DIP
TA = –40° to +105°C
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Utilizing the circuit designs perfected for recently introduced Quad
Operational Amplifiers, these dual operational amplifiers feature 1) low
power drain, 2) a common mode input voltage range extending to
ground/VEE, 3) single supply or split supply operation and 4) pinouts
compatible with the popular MC1558 dual operational amplifier. The LM158
series is equivalent to one–half of an LM124.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can operate at
supply voltages as low as 3.0 V or as high as 32 V, with quiescent currents
about one–fifth of those associated with the MC1741 (on a per amplifier
basis). The common mode input range includes the negative supply, thereby
eliminating the necessity for external biasing components in many
applications. The output voltage range also includes the negative power
supply voltage.

• Short Circuit Protected Outputs

• True Differential Input Stage

• Single Supply Operation: 3.0 V to 32 V

• Low Input Bias Currents

• Internally Compensated

• Common Mode Range Extends to Negative Supply

• Single and Split Supply Operation

• Similar Performance to the Popular MC1558

• ESD Clamps on the Inputs Increase Ruggedness of the Device without
Affecting Operation

MAXIMUM RATINGS (TA = +25°C, unless otherwise noted.)

Rating Symbol
LM258
LM358

LM2904
LM2904V Unit

Power Supply Voltages Vdc
Single Supply VCC 32 26
Split Supplies VCC, VEE ±16 ±13

Input Differential Voltage
Range (Note 1)

VIDR ±32 ±26 Vdc

Input Common Mode Voltage
Range (Note 2)

VICR –0.3 to 32 –0.3 to 26 Vdc

Output Short Circuit Duration tSC Continuous

Junction Temperature TJ 150 °C

Storage Temperature Range Tstg –55 to +125 °C

Operating Ambient Temperature
Range

TA °C

LM258 –25 to +85 –
LM358 0 to +70 –
LM2904 – –40 to +105
LM2904V – –40 to +125

NOTES: 1. Split Power Supplies.
2. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, the

absolute maximum input voltage is equal to the supply voltage.

 Motorola, Inc. 1996 Rev 2
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ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, VEE = Gnd, TA = 25°C, unless otherwise noted.)

Ch t i ti S b l

LM258 LM358 LM2904 LM2904V

U itCharacteristic Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit

Input Offset Voltage
VCC = 5.0 V to 30 V (26 V for
LM2904, V), VIC = 0 V to VCC –1.7 V,
VO � 1.4 V, RS = 0 Ω

VIO mV

TA = 25°C – 2.0 5.0 – 2.0 7.0 – 2.0 7.0 – – –
TA = Thigh (Note 1) – – 7.0 – – 9.0 – – 10 – – 13
TA = Tlow (Note 1) – – 2.0 – – 9.0 – – 10 – – 10

Average Temperature Coefficient of Input
Offset Voltage

∆VIO/∆T – 7.0 – – 7.0 – – 7.0 – – 7.0 – µV/°C

TA = Thigh to Tlow (Note 1)

Input Offset Current IIO – 3.0 30 – 5.0 50 – 5.0 50 – 5.0 50 nA
TA = Thigh to Tlow (Note 1) – – 100 – – 150 – 45 200 – 45 200

Input Bias Current IIB – –45 –150 – –45 –250 – –45 –250 – –45 –250
TA = Thigh to Tlow (Note 1) – –50 –300 – –50 –500 – –50 –500 – –50 –500

Average Temperature Coefficient of Input
Offset Current

∆IIO/∆T – 10 – – 10 – – 10 – – 10 – pA/°C

TA = Thigh to Tlow (Note 1)

Input Common Mode Voltage Range
(Note 2),VCC = 30 V (26 V for LM2904, V)

VICR
0 – 28.3 0 – 28.3 0 – 24.3 0 – 24.3

V

VCC = 30 V (26 V for LM2904, V),
TA = Thigh to Tlow

0 – 28 0 – 28 0 – 24 0 – 24

Differential Input Voltage Range VIDR – – VCC – – VCC – – VCC – – VCC V

Large Signal Open Loop Voltage Gain AVOL V/mV
RL = 2.0 kΩ, VCC = 15 V, For Large VO

Swing,
50 100 – 25 100 – 25 100 – 25 100 –

TA = Thigh to Tlow (Note 1) 25 – – 15 – – 15 – – 15 – –

Channel Separation CS – –120 – – –120 – – –120 – – –120 – dB
1.0 kHz ≤ f ≤ 20 kHz, Input Referenced

Common Mode Rejection CMR 70 85 – 65 70 – 50 70 – 50 70 – dB
RS ≤ 10 kΩ

Power Supply Rejection PSR 65 100 – 65 100 – 50 100 – 50 100 – dB

Output Voltage–High Limit (TA = Thigh to
Tlow) (Note 1)

VOH V

VCC = 5.0 V, RL = 2.0 kΩ, TA = 25°C 3.3 3.5 – 3.3 3.5 – 3.3 3.5 – 3.3 3.5 –
VCC = 30 V (26 V for LM2904, V),

RL = 2.0 kΩ
26 – – 26 – – 22 – – 22 – –

VCC = 30 V (26 V for LM2904, V),
RL = 10 kΩ

27 28 – 27 28 – 23 24 – 23 24 –

Output Voltage–Low Limit VOL – 5.0 20 – 5.0 20 – 5.0 20 – 5.0 20 mV
VCC = 5.0 V, RL = 10 kΩ, TA = Thigh to

Tlow (Note 1)

Output Source Current IO + 20 40 – 20 40 – 20 40 – 20 40 – mA
VID = +1.0 V, VCC = 15 V

Output Sink Current IO –
VID = –1.0 V, VCC = 15 V 10 20 – 10 20 – 10 20 – 10 20 – mA
VID = –1.0 V, VO = 200 mV 12 50 – 12 50 – – – – – – – µA

Output Short Circuit to Ground (Note 3) ISC – 40 60 – 40 60 – 40 60 – 40 60 mA

Power Supply Current (TA = Thigh to Tlow)
(Note 1)

ICC mA

VCC = 30 V (26 V for LM2904, V),
VO = 0 V, RL = ∞

– 1.5 3.0 – 1.5 3.0 – 1.5 3.0 – 1.5 3.0

VCC = 5 V, VO = 0 V, RL = ∞ – 0.7 1.2 – 0.7 1.2 – 0.7 1.2 – 0.7 1.2

NOTES: 1. Tlow = –40°C for LM2904 Thigh = +105°C for LM2904
= –40°C for LM2904V = +125°C for LM2904V
= –25°C for LM258 = +85°C for LM258
= 0°C for LM358 = +70°C for LM358

2. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of the common
mode voltage range is VCC –1.7 V.

3. Short circuits from the output to VCC can cause excessive heating and eventual destruction. Destructive dissipation can result from simultaneous shorts
on all amplifiers.
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Single Supply Split Supplies

VCC

VEE/Gnd

3.0 V to VCC(max)

1

2

VCC

1

2

VEE

1.5 V to VCC(max)

1.5 V to VEE(max)

Representative Schematic Diagram
(One–Half of Circuit Shown)

Output

Bias Circuitry
Common to Both

Amplifiers

VCC

VEE/Gnd

Inputs

Q2

Q3 Q4

Q5

Q26

Q7

Q8

Q6

Q9
Q11

Q10
Q1 2.4 k

Q25

Q22

40 k

Q13
Q14

Q15

Q16

Q19

5.0 pF

Q18

Q17

Q20

Q21

2.0 k

Q24

Q23

Q12

25

CIRCUIT DESCRIPTION

The LM258 series is made using two internally
compensated, two–stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single–ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internal–voltage regulator
which has a low temperature coefficient thus giving each
amplifier good temperature characteristics as well as
excellent power supply rejection.

Large Signal Voltage
Follower Response

5.0 µs/DIV

1.
0 

V/
D

IV

VCC = 15 Vdc
RL = 2.0 kΩ
TA = 25°C
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Figure 1. Input Voltage Range Figure 2. Large–Signal Open Loop Voltage Gain

Figure 3. Large–Signal Frequency Response
Figure 4. Small Signal Voltage Follower

Pulse Response (Noninverting)

Figure 5. Power Supply Current versus
Power Supply Voltage

Figure 6. Input Bias Current versus
Supply Voltage
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Positive

VCC = 15 V
VEE = Gnd
TA = 25°C

RL = 2.0 kΩ
VCC = 15 V
VEE = Gnd
Gain = –100
RI = 1.0 kΩ
RF = 100 kΩ

Input

Output

TA = 25°C
RL = �

VCC = 30 V
VEE = Gnd
TA = 25°C
CL = 50 pF
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R1

2
1

R1
TBP

R1 + R2

R1
R1 + R2

1

Figure 7. Voltage Reference Figure 8. Wien Bridge Oscillator

Figure 9. High Impedance Differential Amplifier Figure 10. Comparator with Hysteresis

Figure 11. Bi–Quad Filter

 MC1403

1/2
LM358

–

+

R1

VCC
VCC

VO

2.5 V

R2

50 k

10 k
Vref

Vref =     VCC2

5.0 k

R C
R C

+

1/2
LM358

–

VO

 2 π RC
1

For: fo = 1.0 kHz
R = 16 kΩ
C = 0.01 µF

eo

e1

e2

eo = C (1 + a + b) (e2 – e1)

R1
a R1

b R1

R

C R

–

+

1/2
LM358

+

–

–

+ R

1/2
LM358

+

–

R1

R2

VO

Vref

Vin

VOH

VO

VOL

VinL =
R1

(VOL – Vref)+ Vref

VinH  = (VOH – Vref) + Vref

H =
R1 + R2

(VOH – VOL)
R1

–

+

–

+

–

+

R

C

R2

R3

C1

100 k
R

C
R

C1 R2

100 k

Vin

 Vref

 Vref

 Vref
 Vref

Bandpass
Output

fo = 2  π RC

R1 =  QR

R2 =

R3 = TN R2
C1 = 10 C

1

Notch Output

Vref = VCC

VO  =  2.5 V (1 +
R1
R2

)

1

VCC

fo =

Hysteresis

1/2
LM358

1/2
LM358

1
C R

VinL VinH

Vref

1/2
LM358

1/2
LM358 1/2

LM358 1/2
LM358

TBP = Center Frequency Gain
TN = Passband Notch Gain

R
C
R1
R2
R3

For:

–

+

fo
Q
TBP
TN

= 1.0 kHz
= 10
= 1
= 1

= 160 kΩ
= 0.001 µF
= 1.6 MΩ
= 1.6 MΩ
= 1.6 MΩ

Where:
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2
1

Vref = VCC
1
2

Figure 12. Function Generator Figure 13. Multiple Feedback Bandpass Filter

For less than 10% error from operational amplifier.

If source impedance varies, filter may be preceded with voltage
follower buffer to stabilize filter parameters.

Where fo and BW are expressed in Hz.

Qo fo
BW

< 0.1

Given: fo = center frequency
A(fo) = gain at center frequency

Choose value fo, C

Then: R3 =
Q

π fo C

R3
R1 = 2 A(fo)

R1 R3
4Q2 R1 –R3

R2 =

+

–

+

–

–

+

Vref = VCC

Vref

 f  =
R1 + RC
4 CRf R1

R3  =
R2 R1

R2 + R1

R2

300 k

75 k

R3

R1

C

Triangle Wave
Output

Square
Wave
Output

VCC
R3

R1

R2

Vref

Vin

C
C

VO
CO

CO = 10 C

Rf

if,

1/2
LM358

Vref

1/2
LM358

1/2
LM358

100 k
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OUTLINE DIMENSIONS

NOTES:
1. DIMENSION L TO CENTER OF LEAD WHEN

FORMED PARALLEL.
2. PACKAGE CONTOUR OPTIONAL (ROUND OR

SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

1 4

58

F

NOTE 2 –A–

–B–

–T–
SEATING
PLANE

H

J

G

D K

N

C

L

M

MAM0.13 (0.005) B MT

DIM MIN MAX MIN MAX
INCHESMILLIMETERS

A 9.40 10.16 0.370 0.400
B 6.10 6.60 0.240 0.260
C 3.94 4.45 0.155 0.175
D 0.38 0.51 0.015 0.020
F 1.02 1.78 0.040 0.070
G 2.54 BSC 0.100 BSC
H 0.76 1.27 0.030 0.050
J 0.20 0.30 0.008 0.012
K 2.92 3.43 0.115 0.135
L 7.62 BSC 0.300 BSC
M ––– 10  ––– 10  
N 0.76 1.01 0.030 0.040

� �

D SUFFIX
PLASTIC PACKAGE

CASE 751–05
(SO–8)

ISSUE R

N SUFFIX
PLASTIC PACKAGE

CASE 626–05
ISSUE K

SEATING
PLANE

1
4

58

A0.25 M C B S S

0.25 M B M

h
�

C

X 45
�

L

DIM MIN MAX
MILLIMETERS

A 1.35 1.75
A1 0.10 0.25
B 0.35 0.49
C 0.18 0.25
D 4.80 5.00
E

1.27 BSCe
3.80 4.00

H 5.80 6.20
h

0  7  
L 0.40 1.25
�

0.25 0.50

��

NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME

Y14.5M, 1994.
2. DIMENSIONS ARE IN MILLIMETERS.
3. DIMENSION D AND E DO NOT INCLUDE MOLD

PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
5. DIMENSION B DOES NOT INCLUDE MOLD

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

D

E H

A

B e

BA1

C A

0.10
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LM35
Precision Centigrade Temperature Sensors
General Description
The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
˚ Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of ±1⁄4˚C
at room temperature and ±3⁄4˚C over a full −55 to +150˚C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35’s low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 µA from its supply, it has
very low self-heating, less than 0.1˚C in still air. The LM35 is
rated to operate over a −55˚ to +150˚C temperature range,
while the LM35C is rated for a −40˚ to +110˚C range (−10˚
with improved accuracy). The LM35 series is available pack-

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features
n Calibrated directly in ˚ Celsius (Centigrade)
n Linear + 10.0 mV/˚C scale factor
n 0.5˚C accuracy guaranteeable (at +25˚C)
n Rated for full −55˚ to +150˚C range
n Suitable for remote applications
n Low cost due to wafer-level trimming
n Operates from 4 to 30 volts
n Less than 60 µA current drain
n Low self-heating, 0.08˚C in still air
n Nonlinearity only ±1⁄4˚C typical
n Low impedance output, 0.1 Ω for 1 mA load

Typical Applications

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2˚C to +150˚C)

DS005516-4

Choose R1 = −VS/50 µA
V OUT=+1,500 mV at +150˚C

= +250 mV at +25˚C
= −550 mV at −55˚C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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Connection Diagrams

TO-46
Metal Can Package*

DS005516-1

*Case is connected to negative pin (GND)

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH

See NS Package Number H03H

TO-92
Plastic Package

DS005516-2

Order Number LM35CZ,
LM35CAZ or LM35DZ

See NS Package Number Z03A

SO-8
Small Outline Molded Package

DS005516-21

N.C. = No Connection

Top View
Order Number LM35DM

See NS Package Number M08A

TO-220
Plastic Package*

DS005516-24

*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.

Order Number LM35DT
See NS Package Number TA03F

LM
35
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Absolute Maximum Ratings (Note 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +35V to −0.2V
Output Voltage +6V to −1.0V
Output Current 10 mA
Storage Temp.;

TO-46 Package, −60˚C to +180˚C
TO-92 Package, −60˚C to +150˚C
SO-8 Package, −65˚C to +150˚C
TO-220 Package, −65˚C to +150˚C

Lead Temp.:
TO-46 Package,

(Soldering, 10 seconds) 300˚C

TO-92 and TO-220 Package,
(Soldering, 10 seconds) 260˚C

SO Package (Note 12)
Vapor Phase (60 seconds) 215˚C
Infrared (15 seconds) 220˚C

ESD Susceptibility (Note 11) 2500V
Specified Operating Temperature Range: TMIN to T MAX
(Note 2)

LM35, LM35A −55˚C to +150˚C
LM35C, LM35CA −40˚C to +110˚C
LM35D 0˚C to +100˚C

Electrical Characteristics
(Notes 1, 6)

LM35A LM35CA

Parameter Conditions Tested Design Tested Design Units

Typical Limit Limit Typical Limit Limit (Max.)

(Note 4) (Note 5) (Note 4) (Note 5)

Accuracy T A=+25˚C ±0.2 ±0.5 ±0.2 ±0.5 ˚C

(Note 7) T A=−10˚C ±0.3 ±0.3 ±1.0 ˚C

T A=TMAX ±0.4 ±1.0 ±0.4 ±1.0 ˚C

T A=TMIN ±0.4 ±1.0 ±0.4 ±1.5 ˚C

Nonlinearity T MIN≤TA≤TMAX ±0.18 ±0.35 ±0.15 ±0.3 ˚C

(Note 8)

Sensor Gain T MIN≤TA≤TMAX +10.0 +9.9, +10.0 +9.9, mV/˚C

(Average Slope) +10.1 +10.1

Load Regulation T A=+25˚C ±0.4 ±1.0 ±0.4 ±1.0 mV/mA

(Note 3) 0≤IL≤1 mA T MIN≤TA≤TMAX ±0.5 ±3.0 ±0.5 ±3.0 mV/mA

Line Regulation T A=+25˚C ±0.01 ±0.05 ±0.01 ±0.05 mV/V

(Note 3) 4V≤V S≤30V ±0.02 ±0.1 ±0.02 ±0.1 mV/V

Quiescent Current V S=+5V, +25˚C 56 67 56 67 µA

(Note 9) V S=+5V 105 131 91 114 µA

V S=+30V, +25˚C 56.2 68 56.2 68 µA

V S=+30V 105.5 133 91.5 116 µA

Change of 4V≤VS≤30V, +25˚C 0.2 1.0 0.2 1.0 µA

Quiescent Current 4V≤V S≤30V 0.5 2.0 0.5 2.0 µA

(Note 3)

Temperature +0.39 +0.5 +0.39 +0.5 µA/˚C

Coefficient of

Quiescent Current

Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 ˚C

for Rated Accuracy Figure 1, IL=0

Long Term Stability T J=TMAX, for ±0.08 ±0.08 ˚C

1000 hours

LM
35
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Electrical Characteristics
(Notes 1, 6)

LM35 LM35C, LM35D

Parameter Conditions Tested Design Tested Design Units

Typical Limit Limit Typical Limit Limit (Max.)

(Note 4) (Note 5) (Note 4) (Note 5)

Accuracy, T A=+25˚C ±0.4 ±1.0 ±0.4 ±1.0 ˚C

LM35, LM35C T A=−10˚C ±0.5 ±0.5 ±1.5 ˚C

(Note 7) T A=TMAX ±0.8 ±1.5 ±0.8 ±1.5 ˚C

T A=TMIN ±0.8 ±1.5 ±0.8 ±2.0 ˚C

Accuracy, LM35D
(Note 7)

T A=+25˚C ±0.6 ±1.5 ˚C

TA=TMAX ±0.9 ±2.0 ˚C

TA=TMIN ±0.9 ±2.0 ˚C

Nonlinearity T MIN≤TA≤TMAX ±0.3 ±0.5 ±0.2 ±0.5 ˚C

(Note 8)

Sensor Gain T MIN≤TA≤TMAX +10.0 +9.8, +10.0 +9.8, mV/˚C

(Average Slope) +10.2 +10.2

Load Regulation T A=+25˚C ±0.4 ±2.0 ±0.4 ±2.0 mV/mA

(Note 3) 0≤IL≤1 mA T MIN≤TA≤TMAX ±0.5 ±5.0 ±0.5 ±5.0 mV/mA

Line Regulation T A=+25˚C ±0.01 ±0.1 ±0.01 ±0.1 mV/V

(Note 3) 4V≤V S≤30V ±0.02 ±0.2 ±0.02 ±0.2 mV/V

Quiescent Current V S=+5V, +25˚C 56 80 56 80 µA

(Note 9) V S=+5V 105 158 91 138 µA

V S=+30V, +25˚C 56.2 82 56.2 82 µA

V S=+30V 105.5 161 91.5 141 µA

Change of 4V≤VS≤30V, +25˚C 0.2 2.0 0.2 2.0 µA

Quiescent Current 4V≤V S≤30V 0.5 3.0 0.5 3.0 µA

(Note 3)

Temperature +0.39 +0.7 +0.39 +0.7 µA/˚C

Coefficient of

Quiescent Current

Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 ˚C

for Rated Accuracy Figure 1, IL=0

Long Term Stability T J=TMAX, for ±0.08 ±0.08 ˚C

1000 hours

Note 1: Unless otherwise noted, these specifications apply: −55˚C≤TJ≤+150˚C for the LM35 and LM35A; −40˚≤TJ≤+110˚C for the LM35C and LM35CA; and
0˚≤TJ≤+100˚C for the LM35D. VS=+5Vdc and ILOAD=50 µA, in the circuit of Figure 2. These specifications also apply from +2˚C to TMAX in the circuit of Figure 1.
Specifications in boldface apply over the full rated temperature range.

Note 2: Thermal resistance of the TO-46 package is 400˚C/W, junction to ambient, and 24˚C/W junction to case. Thermal resistance of the TO-92 package is
180˚C/W junction to ambient. Thermal resistance of the small outline molded package is 220˚C/W junction to ambient. Thermal resistance of the TO-220 package
is 90˚C/W junction to ambient. For additional thermal resistance information see table in the Applications section.

Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10mv/˚C times the device’s case temperature, at specified conditions of voltage, current,
and temperature (expressed in ˚C).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 kΩ resistor.

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.

LM
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Typical Performance Characteristics

Thermal Resistance
Junction to Air

DS005516-25

Thermal Time Constant

DS005516-26

Thermal Response
in Still Air

DS005516-27

Thermal Response in
Stirred Oil Bath

DS005516-28

Minimum Supply
Voltage vs. Temperature

DS005516-29

Quiescent Current
vs. Temperature
(In Circuit of Figure 1.)

DS005516-30

Quiescent Current
vs. Temperature
(In Circuit of Figure 2.)

DS005516-31

Accuracy vs. Temperature
(Guaranteed)

DS005516-32

Accuracy vs. Temperature
(Guaranteed)

DS005516-33

LM
35
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Typical Performance Characteristics (Continued)

Applications
The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01˚C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die’s temperature will
not be affected by the air temperature.

The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V− terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance, θJA)
TO-46, TO-46*, TO-92, TO-92**, SO-8 SO-8** TO-220

no heat
sink

small heat fin no heat
sink

small heat fin no heat
sink

small heat fin no heat
sink

Still air 400˚C/W 100˚C/W 180˚C/W 140˚C/W 220˚C/W 110˚C/W 90˚C/W

Moving air 100˚C/W 40˚C/W 90˚C/W 70˚C/W 105˚C/W 90˚C/W 26˚C/W

Still oil 100˚C/W 40˚C/W 90˚C/W 70˚C/W

Stirred oil 50˚C/W 30˚C/W 45˚C/W 40˚C/W

(Clamped to metal,

Infinite heat sink) (24˚C/W) (55˚C/W)

*Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
**TO-92 and SO-8 packages glued and leads soldered to 1" square of 1/16" printed circuit board with 2 oz. foil or similar.

Noise Voltage

DS005516-34

Start-Up Response

DS005516-35

LM
35
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Typical Applications

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Ω load resistor as
shown in Figure 5, Figure 6 or Figure 8 it is relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from VIN to ground and a series R-C
damper such as 75Ω in series with 0.2 or 1 µF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

DS005516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

DS005516-20

FIGURE 4. LM35 with R-C Damper

DS005516-5

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

DS005516-6

FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

DS005516-7

FIGURE 7. Temperature Sensor, Single Supply, −55˚ to
+150˚C

DS005516-8

FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

DS005516-9

FIGURE 9. 4-To-20 mA Current Source (0˚C to +100˚C)

LM
35
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Typical Applications (Continued)

DS005516-10

FIGURE 10. Fahrenheit Thermometer

DS005516-11

FIGURE 11. Centigrade Thermometer (Analog Meter)

DS005516-12

FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer

(50˚ to 80˚ Fahrenheit, for Example Shown)

DS005516-13

FIGURE 13. Temperature To Digital Converter (Serial Output) (+128˚C Full Scale)

DS005516-14

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE ™ Outputs for
Standard Data Bus to µP Interface) (128˚C Full Scale)

LM
35
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Typical Applications (Continued)

DS005516-16

*=1% or 2% film resistor
Trim RB for VB=3.075V
Trim RC for VC=1.955V
Trim RA for VA=0.075V + 100mV/˚C x Tambient
Example, VA=2.275V at 22˚C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

DS005516-15

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2˚C to +150˚C; 20 Hz to 1500 Hz)

LM
35
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Block Diagram

DS005516-23

LM
35
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Physical Dimensions inches (millimeters) unless otherwise noted

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,

LM35CAH, or LM35DH
NS Package Number H03H

SO-8 Molded Small Outline Package (M)
Order Number LM35DM

NS Package Number M08A

LM
35
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

Power Package TO-220 (T)
Order Number LM35DT

NS Package Number TA03F

LM
35
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL 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, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
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.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

National Semiconductor
Europe

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Français Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: ap.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

www.national.com

TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ

NS Package Number Z03A
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.













 



Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft’s
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges,or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

Monolithic Digital IC

Switching Type Hall IC

Ordering number:ENN2635

LB9051

SANYO Electric Co.,Ltd.  Semiconductor Company
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN

22801TN (KT)/8047TA, TS  No.2635–1/3

Package Dimensions
unit:mm

3105-SIH

[LB9051]

Overview
The LB9051 is a Hall IC that is operated in the presence of
an alternating magnetic field and produces a digital output.
The LB9051 contains a silicon Hall generator, an ampli-
fier, a Schmitt trigger circuit on chip and especially suited
for detection of magnetism (ex. detection of the rotation of
a small magnet-used substance).

Applications
• Detection of magnetism.
• Contactless switch.
• Detection of the rotation, position of a magnetic substance.

Features
• Operated in the presence of an alternating magnetic field.
• Wide operating voltage range (3.6 to 16V).
• Output capable of direct driving a TTL, MOS IC.
• High sensitivity (sensitive to low magnetism).

Specifications
Absolute Maximum Ratings at Ta = 25˚C

˚C

˚C

Electrical Characteristics at Ta = 25˚C
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0

1 2 3

retemaraP lobmyS snoitidnoC sgnitaR tinU

egatlovylppusmumixaM V CC xam 81 V

tnerrucylppusmumixaM I CC xam 8 Am

tnerructuptuomumixaM IO xam 02 Am

noitapissidrewopelbawollA xamdP 001 Wm

erutarepmetgnitarepO rpoT 58+ot04–

erutarepmetegarotS gtsT 521+ot55–

retemaraP lobmyS snoitidnoC
sgnitaR

tinU
nim pyt xam

tniopesaeleR B HL V CC V,V21= O L: → H 003– ssuaG

tniopetarepO B LH V CC V,V21= O H: → L 003 ssuaG

egatlovlevel-woltuptuO
V 1LO V CC I,V61= O ssuaG003=B,Am21= 4.0 V

V 2LO V CC I,V6.3= O ssuaG003=B,Am21= 4.0 V

egatlovlevel-hgihtuptuO
V 1HO V CC I,V61= O ssuaG003–=B,Aµ03–= 6.41 V

V 2HO V CC I,V6.3= O ssuaG003–=B,Aµ03–= 2.2 V

Continued on next page.

Ta=80˚C
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LB9051

No.2635–2/3

Pin Assignment and Block Diagram

Continued from preceding page.

retemaraP lobmyS snoitidnoC
sgnitaR

tinU
nim pyt xam

tnerructrohstuptuO I– SO V CC V,V61= O ssuaG003–=B,V0= 4.0 9.0 Am

tnerrucylppuS
I 1CC V CC V61= 6 Am

I 2CC V CC V6.3= 5.5 Am

Location of the Hall Generator and Cross-sectional View of the Hall IC

Magnetic Flux to Electric Voltage Transduce Characteristic

The Hall generator is located in the dashed area.



Specifications of any and all SANYO products described or contained herein stipulate the performance, 
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer's
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device, 
the customer should always evaluate and test devices mounted in the customer's products or equipment.

SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could 
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

In the event that any or al l  SANYO products(including technical data,services) described or 
contained herein are controlled under any of applicable local export control laws and regulations,
such products must not be expor ted without obtaining the expor t l icense from the authorit ies
concerned in accordance with the above law.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co. , Ltd. 

Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification"
for the SANYO product that you intend to use.

Information (including circuit diagrams and circuit parameters) herein is for example only ; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of February, 2001. Specifications and information herein are subject 

to change without notice.
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Board Overview

The Tiva™ C Series TM4C123G LaunchPad Evaluation Board (EK-TM4C123GXL) is a low-cost
evaluation platform for ARM® Cortex™-M4F-based microcontrollers. The Tiva C Series LaunchPad design
highlights the TM4C123GH6PMI microcontroller USB 2.0 device interface, hibernation module, and motion
control pulse-width modulator (MC PWM) module. The Tiva C Series LaunchPad also features
programmable user buttons and an RGB LED for custom applications. The stackable headers of the Tiva
C Series TM4C123G LaunchPad BoosterPack XL interface demonstrate how easy it is to expand the
functionality of the Tiva C Series LaunchPad when interfacing to other peripherals on many existing
BoosterPack add-on boards as well as future products. Figure 1-1 shows a photo of the Tiva C Series
LaunchPad.

Figure 1-1. Tiva C Series TM4C123G LaunchPad Evaluation Board

Tiva, MSP430, Code Composer Studio are trademarks of Texas Instruments.
Cortex is a trademark of ARM Limited.
ARM, RealView are registered trademarks of ARM Limited.
Microsoft, Windows are registered trademarks of Microsoft Corporation.
All other trademarks are the property of their respective owners.
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1.1 Kit Contents

The Tiva C Series TM4C123G LaunchPad Evaluation Kit contains the following items:

• Tiva C Series LaunchPad Evaluation Board (EK-TM4C123GXL)

• On-board In-Circuit Debug Interface (ICDI)

• USB micro-B plug to USB-A plug cable

• README First document

1.2 Using the Tiva C Series LaunchPad

The recommended steps for using the Tiva C Series TM4C123G LaunchPad Evaluation Kit are:

1. Follow the README First document included in the kit. The README First document will help you
get the Tiva C Series LaunchPad up and running in minutes. See the Tiva C Series LaunchPad web
page for additional information to help you get started.

2. Experiment with LaunchPad BoosterPacks. A selection of Tiva C Series BoosterPacks and
compatible MSP430™ BoosterPacks can be found at the TI MCU LaunchPad web page.

3. Take your first step toward developing an application with Project 0 using your preferred ARM
tool-chain and the Tiva C Series TivaWare Peripheral Driver Library. Software applications are
loaded using the on-board In-Circuit Debug Interface (ICDI). See Chapter 3, Software Development,
for the programming procedure. The TivaWare for C Series Peripheral Driver Library Software
Reference Manual contains specific information on software structure and function. For more
information on Project 0, go to the Tiva C Series LaunchPad wiki page.

4. Customize and integrate the hardware to suit an end application. This user's manual is an
important reference for understanding circuit operation and completing hardware modification.

You can also view and download almost six hours of training material on configuring and using the
LaunchPad. Visit the Tiva C Series LaunchPad Workshop for more information and tutorials.

1.3 Features

Your Tiva C Series LaunchPad includes the following features:

• Tiva TM4C123GH6PMI microcontroller

• Motion control PWM

• USB micro-A and micro-B connector for USB device, host, and on-the-go (OTG) connectivity

• RGB user LED

• Two user switches (application/wake)

• Available I/O brought out to headers on a 0.1-in (2.54-mm) grid

• On-board ICDI

• Switch-selectable power sources:

– ICDI

– USB device

• Reset switch

• Preloaded RGB quickstart application

• Supported by TivaWare for C Series software including the USB library and the peripheral driver library

• Tiva C Series TM4C123G LaunchPad BoosterPack XL Interface, which features stackable headers to
expand the capabilities of the Tiva C Series LaunchPad development platform

– For a complete list of available BoosterPacks that can be used with the Tiva C Series LaunchPad,
see the LaunchPad web page.
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1.4 BoosterPacks

The Tiva C Series LaunchPad provides an easy and inexpensive way to develop applications with the
TM4C123GH6PM microcontroller. Tiva C Series BoosterPacks and MSP430 BoosterPacks expand the
available peripherals and potential applications of the Tiva C Series LaunchPad. BoosterPacks can be
used with the Tiva C Series LaunchPad or you can simply use the on-board TM4C123GH6PM
microcontroller as its processor. See Chapter 2 for more information.

Build your own BoosterPack and take advantage of Texas Instruments’ website to help promote it! From
sharing a new idea or project, to designing, manufacturing, and selling your own BoosterPack kit, TI offers
a variety of avenues for you to reach potential customers with your solutions.

1.5 Specifications

Table 1-1 summarizes the specifications for the Tiva C Series LaunchPad.

Table 1-1. EK-TM4C123GXL Specifications

Parameter Value

4.75 VDC to 5.25 VDC from one of the following sources:
• Debugger (ICDI) USB Micro-B cable (connected to aBoard supply voltage PC)
• USB Device Micro-B cable (connected to a PC)

2.0 in x 2.25 in x 0.425 in (5.0 cm x 5.715 cm x 10.795Dimensions mm) (L x W x H)

• 3.3 VDC (300 mA max)
Break-out power output • 5.0 VDC (depends on 3.3 VDC usage, 23 mA to 323

mA)

RoHS status Compliant

6 Board Overview SPMU296–April 2013
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

http://www.ti.com
http://www.ti.com/ww/en/launchpad/byob_head.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPMU296


TM4C123GH6PMI

Debug Breakout Pads

ICDI

USB Debug
Connector

USB Device
Connector

Power Select
Switch

IC
D

I USB

VDD

JTAG/SWD

UART0

GPIO

GPIO

GPIO

GPIO

I/O

I/O

D
e
v
ic

e

Power
Management

Breakout Pads

HIB WAKE

User
Switches

RGB LED

T
iv

a
C

 S
e
ri
e
s

L
a
u
n
c
h
P

a
d
-S

p
e
c
if
ic

B
o
o
s
te

rP
a
c
k
X

L
E

x
p
a
n
s
io

n
 H

e
a
d
e
rs

T
M

M
S

P
4
3
0

L
a
u
n
c
h
P

a
d
-C

o
m

p
a
ti
b
le

E
x
p
a
n
s
io

n
 H

e
a
d
e
rs

T
M

Chapter 2
SPMU296–April 2013

Hardware Description

The Tiva C Series LaunchPad includes a TM4C123GH6PM microcontroller and an integrated ICDI as well
as a range of useful peripheral features (as the block diagram in Figure 2-1 shows). This chapter
describes how these peripherals operate and interface to the microcontroller.

Figure 2-1. Tiva C Series LaunchPad Evaluation Board Block Diagram

2.1 Functional Description

2.1.1 Microcontroller

The TM4C123GH6PM is a 32-bit ARM Cortex-M4-based microcontroller with 256-kB Flash memory, 32-
kB SRAM, and 80-MHz operation; USB host, device, and OTG connectivity; a Hibernation module and
PWM; and a wide range of other peripherals. See the TM4C123GH6PM microcontroller data sheet
(literature number SPMS376) for complete device details.
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Most of the microcontroller signals are routed to 0.1-in (2.54-mm) pitch headers. An internal multiplexer
allows different peripheral functions to be assigned to each of these GPIO pads. When adding external
circuitry, consider the additional load on the evaluation board power rails.

The TM4C123GH6PM microcontroller is factory-programmed with a quickstart demo program. The
quickstart program resides in on-chip Flash memory and runs each time power is applied, unless the
quickstart application has been replaced with a user program.

2.1.2 USB Connectivity

The EK-TM4C123GXL is designed and functions as a USB device without hardware modification. The
USB device signals are dedicated to USB functionality and are not shared with the BoosterPack headers.
The USB device signals are listed in Table 2-1.

Table 2-1. USB Device Signals

GPIO Pin Pin Function USB Device

PD4 USB0DM D–

PD5 USB0DP D+

The TM4C123GH6PM target device is also capable of USB embedded host and on-the-go (OTG)
functions. OTG functionality can be enabled by populating R25 and R29 with 0-Ω resistors. These
resistors connect the USB ID and USB VBUS signals to PB0 and PB1. When these resistors are populated,
PB0 and PB1 must remain in the respective USB pin mode configurations to prevent device damage. PB0
and PB1 are also present on the J1 BoosterPack header. Therefore, if R25 or R29 are populated, care
must be taken not to conflict these signals with BoosterPack signals.

USB embedded host operation can be enabled in the same way for USB devices that are self-powered.
Providing power when acting as a USB host requires a BoosterPack with power switching and appropriate
connectors. All USB host signals are available on the BoosterPack interface except D+ and D–, which are
only available on the USB micro-A/-B connector and the two adjacent test points.

When connected as a USB device, the evaluation board can be powered from either the ICDI or the USB
Device connectors. The user can select the power source by moving the POWER SELECT switch (SW3)
to the Device position. See the Power Management schematic (appended to this document).

2.1.3 Motion Control

The EK-TM4C123GXL includes the Tiva C-Series Motion Control PWM technology, featuring two PWM
modules capable of generating 16 PWM outputs. Each PWM module provides a great deal of flexibility
and can generate simple PWM signals—for example, those required by a simple charge pump—as well
as paired PWM signals with dead-band delays, such as those required by a half-H bridge driver. Three
generator blocks can also generate the full six channels of gate controls required by a 3-phase inverter
bridge.

Two quadrature encoder interfaces (QEI) are also available to provide motion control feedback. See the
Headers and BoosterPacks section of this document for details about the availability of these signals on
the BoosterPack interface.
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2.1.4 User Switches and RGB User LED

The Tiva C Series LaunchPad comes with an RGB LED. This LED is used in the preloaded RGB
quickstart application and can be configured for use in custom applications.

Two user buttons are included on the board. The user buttons are both used in the preloaded quickstart
application to adjust the light spectrum of the RGB LED as well as go into and out of hibernation. The user
buttons can be used for other purposes in the user’s custom application.

The evaluation board also has a green power LED. Table 2-2 shows how these features are connected to
the pins on the microcontroller.

Table 2-2. User Switches and RGB LED Signals

GPIO Pin Pin Function USB Device

PF4 GPIO SW1

PF0 GPIO SW2

PF1 GPIO RGB LED (Red)

PF2 GPIO RGB LED (Blue)

PF3 GPIO RGD LED (Green)

2.1.5 Headers and BoosterPacks

The two double rows of stackable headers are mapped to most of the GPIO pins of the TM4C123GH6PM
microcontroller. These rows are labeled as connectors J1, J2, J3, and J4. Connectors J3 and J4 are
located 0.1 in (2.54 mm) inside of the J1 and J2 connectors. All 40 header pins of the J1, J2, J3, and J4
connectors make up the Tiva C Series TM4C123G LaunchPad BoosterPack XL Interface. Table 2-3
through Table 2-6 show how these header pins are connected to the microcontroller pins and which GPIO
functions can be selected.

NOTE: To configure the device peripherals easily and intuitively using a graphical user interface
(GUI), see the Tiva C Series Pinmux Utility found at www.ti.com/tool/lm4f_pinmux. This easy-
to-use interface makes setting up alternate functions for GPIOs simple and error-free.

Table 2-3. J1 Connector (1)

Analog Tiva C GPIOPCTL Register SettingOn-Function SeriesJ4 Pin GPIO board MCUGPIO Function 1 2 3 4 5 6 7 8 9 14 15PinAMSEL

1.01 3.3 V

1.02 PB5 AIN11 – 57 – SSI2Fss – M0PWM3 – – T1CCP1 CAN0Tx – – –

1.03 PB0 USB0ID – 45 U1Rx – – – – – T2CCP0 – – – –

1.04 PB1 USB0VBUS – 46 U1Tx – – – – – T2CCP1 – – – –

1.05 PE4 AIN9 – 59 U5Rx – I2C2SCL M0PWM4 M1PWM2 – – CAN0Rx – – –

1.06 PE5 AIN8 – 60 U5Tx – I2C2SDA M0PWM5 M1PWM3 – – CAN0Tx – – –

1.07 PB4 AIN10 – 58 – SSI2Clk – M0PWM2 – – T1CCP0 CAN0Rx – – –

1.08 PA5 – – 22 – SSI0Tx – – – – – – – – –

1.09 PA6 – – 23 – – I2C1SCL – M1PWM2 – – – – – –

1.10 PA7 – – 24 – – I2C1SDA – M1PWM3 – – – – – –

(1) Shaded cells indicate configuration for compatibility with the MSP430 LaunchPad.
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Table 2-4. J2 Connector (1)

Analog Tiva C GPIOPCTL Register SettingFunctionJ4 On-board SeriesGPIOPin Function MCUGPIO 1 2 3 4 5 6 7 8 9 14 15PinAMSEL

2.01 GND

2.02 PB2 – – 47 – – I2C0SCL – – – T3CCP0 – – – –

2.03 PE0 AIN3 – 9 U7Rx – – – – – – – – – –

2.04 PF0 – USR_SW2/ 28 U1RTS SSI1Rx CAN0Rx – M1PWM4 PhA0 T0CCP0 NMI C0o – –
WAKE (R1)

2.05 RESET

PB7 – – 4 – SSI2Tx – M0PWM1 – – T0CCP1 – – – –

PD1 AIN6 Connected 62 SSI3Fss SSI1Fss I2C3SDA M0PWM7 M1PWM1 – WT2CCP1 – – – –
2.06 for MSP430

Compatibility
(R10)

PB6 – – 1 – SSI2Rx – M0PWM0 – – T0CCP0 – – – –

PD0 AIN7 Connected 61 SSI3Clk SSI1Clk I2C3SCL M0PWM6 M1PWM0 – WT2CCP0 – – – –
2.07 for MSP430

Compatibility
(R9)

2.08 PA4 – – 21 – SSI0Rx – – – – – – – – –

2.09 PA3 – – 20 – SSI0Fss – – – – – – – – –

2.10 PA2 – – 19 – SSI0Clk – – – – – – – – –

(1) Shaded cells indicate configuration for compatibility with the MSP430 LaunchPad.

Table 2-5. J3 Connector (1)

Analog Tiva C GPIOPCTL Register SettingFunctionJ4 On-board SeriesGPIOPin Function MCUGPIO 1 2 3 4 5 6 7 8 9 14 15PinAMSEL

3.01 5.0 V

3.02 GND

PD0 AIN7 – 61 SSI3Clk SSI1Clk I2C3SCL M0PWM6 M1PWM0 – WT2CCP0 – – – –

PB6 – Connected 1 – SSI2Rx – M0PWM0 – T0CCP0 – – – –
3.03 for MSP430

Compatibilit
y (R9)

PD1 AIN6 – 92 SSI3Fss SSI1Fss I2C3SDA M0PWM7 M1PWM1 – WT2CCP1 – – – –

PB7 – Connected 4 – SSI2Tx – M0PWM1 – – T0CCP1 – – – –
3.04 for MSP430

Compatibilit
y (R10)

3.05 PD2 AIN5 63 SSI3Rx SSI1Rx – M0FAULT0 – – WT3CCP0 USB0EPE
N

3.06 PD3 AIN4 – 64 SSI3Tx SSI1Tx – – – – WT3CCP1 USB0PFLT – – –

3.07 PE1 AIN2 – 8 U7Tx – – – – – – – – –

3.08 PE2 AIN1 – 7 – – – – – – – – – – –

3.09 PE3 AIN0 – 6 – – – – – – – – – – –

3.10 PF1 – – 29 U1CTS SSI1Tx – – M1PWM5 – T0CCP1 – C1o TRD1 –

(1) Shaded cells indicate configuration for compatibility with the MSP430 LaunchPad.
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Table 2-6. J4 Connector
Analog Tiva C GPIOPCTL Register SettingOn-FunctionJ4 SeriesGPIO boardPin MCUGPIO Function 1 2 3 4 5 6 7 8 9 14 15PinAMSEL

4.01 PF2 – Blue LED 30 – SSI1Clk – M0FAULT0 M1PWM6 – T1CCP0 – – – TRD0
(R11)

4.02 PF3 – Green 31 – SSI1Fss CAN0Tx – M1PWM7 – T1CCP1 – – – TRCLK
LED

(R12)

4.03 PB3 – – 48 – – I2C0SDA – – – T3CCP1 – – – –

4.04 PC4 C1– – 16 U4Rx U1Rx – M0PWM6 – IDX1 WT0CCP0 U1RTS – – –

4.05 PC5 C1+ – 15 U4Tx U1Tx – M0PWM7 – PhA1 WT0CCP1 U1CTS – – –

4.06 PC6 C0+ – 14 U3Rx – – – – PhB1 WT1CCP0 USB0EPE – – –
N

4.07 PC7 C0– – 13 U3Tx – – – – – WT1CCP1 USB0PFLT – – –

4.08 PD6 – – 53 U2Rx – – – – PhA0 WT5CCP0 – – – –

4.09 PD7 – – 10 U2Tx – – – – PhB0 WT5CCP1 NMI – – –

4.10 PF4 – USR_SW 5 – – – – M1FAULT0 IDX0 T2CCP0 USB0EPE – – –
1 (R13) N

Connectors J1 and J2 of the Tiva C Series TM4C123G LaunchPad BoosterPack XL Interface provide
compatibility with MSP430 LaunchPad BoosterPacks. Highlighted functions (shaded cells) in Table 2-3
through Table 2-5 indicate configuration for compatibility with the MSP430 LaunchPad.

A complete list of Tiva C Series BoosterPacks and Tiva C Series LaunchPad-compatible MSP430
BoosterPacks is available at www.ti.com/tm4c123g-launchpad.

2.2 Power Management

2.2.1 Power Supplies

The Tiva C Series LaunchPad can be powered from one of two power sources:

• On-board ICDI USB cable (Debug, Default)

• USB device cable (Device)

The POWER SELECT switch (SW3) is used to select one of the two power sources. Select only one
source at a time.

2.2.2 Hibernate

The Tiva C Series LaunchPad provides an external 32.768-kHz crystal (Y1) as the clock source for the
TM4C123GH6PM Hibernation module clock source. The current draw while in Hibernate mode can be
measured by making some minor adjustments to the Tiva C Series LaunchPad. This procedure is
explained in more detail later in this section.

The conditions that can generate a wake signal to the Hibernate module on the Tiva C Series LaunchPad
are waking on a Real-time Clock (RTC) match and/or waking on assertion of the WAKE pin. (1) The second
user switch (SW2) is connected to the WAKE pin on the microcontroller. The WAKE pin, as well as the
VDD and HIB pins, are easily accessible through breakout pads on the Tiva C Series LaunchPad. See the
appended schematics for details.

spacer

spacer

spacer

spacer
(1) If the board does not turn on when you connect it to a power source, the microcontroller might be in Hibernate mode (depending on the

programmed application). You must satisfy one of the programmed wake conditions and connect the power to bring the microcontroller
out of Hibernate mode and turn on the board.
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There is no external battery source on the Tiva C Series LaunchPad Hibernation module, which means
the VDD3ON power control mechanism should be used. This mechanism uses internal switches to
remove power from the Cortex-M4 processor as well as to most analog and digital functions while
retaining I/O pin power.

To measure the Hibernation mode current or the Run mode current, the VDD jumper that connects the 3.3
V pin and the MCU_PWR pin must be removed. See the complete schematics (appended to this
document) for details on these pins and component locations. An ammeter should then be placed
between the 3.3 V pin and the MCU_PWR pin to measure IDD (or IHIB_VDD3ON). The TM4C123GH6PM
microcontroller uses VDD as its power source during VDD3ON Hibernation mode, so IDD is the Hibernation
mode (VDD3ON mode) current. This measurement can also be taken during Run mode, which measures
IDD the microcontroller running current.

2.2.3 Clocking

The Tiva C Series LaunchPad uses a 16.0-MHz crystal (Y2) to complete the TM4C123GH6PM
microcontroller main internal clock circuit. An internal PLL, configured in software, multiples this clock to
higher frequencies for core and peripheral timing.

The Hibernation module is clocked from an external 32.768-KHz crystal (Y1).

2.2.4 Reset

The RESET signal into the TM4C123GH6PM microcontroller connects to the RESET switch and to the
ICDI circuit for a debugger-controlled reset.

External reset is asserted (active low) under any of three conditions:

• Power-on reset (filtered by an R-C network)

• RESET switch held down

• By the ICDI circuit when instructed by the debugger (this capability is optional, and may not be
supported by all debuggers)

2.3 In-Circuit Debug Interface (ICDI)

The Tiva C Series LaunchPad evaluation board comes with an on-board In-Circuit Debug Interface (ICDI).
The ICDI allows for the programming and debug of the TM4C123GH6PM using the LM Flash Programmer
and/or any of the supported tool chains. Note that the ICDI supports only JTAG debugging. An external
debug interface can be connected for Serial Wire Debug (SWD) and SWO (trace).

Table 2-7 shows the pins used for JTAG and SWD. These signals are also mapped out to easily
accessible breakout pads and headers on the board.

Table 2-7. In-Circuit Debug Interface (ICDI) Signals

GPIO Pin Pin Function

PC0 TCK/SWCLK

PC1 TMS/SWDIO

PC2 TDI

PC3 TDO/SWO

2.3.1 Virtual COM Port

When plugged in to a PC, the device enumerates as a debugger and a virtual COM port. Table 2-8 shows
the connections for the COM port to the pins on the microcontroller.

Table 2-8. Virtual COM Port Signals

GPIO Pin Pin Function

PA0 U0RX

PA1 U0TX
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Software Development

This chapter provides general information on software development as well as instructions for Flash
memory programming.

3.1 Software Description

The TivaWare software provided with the Tiva C Series LaunchPad provides access to all of the
peripheral devices supplied in the design. The Tiva C Series Peripheral Driver Library is used to operate
the on-chip peripherals as part of TivaWare.

TivaWare includes a set of example applications that use the TivaWare Peripheral Driver Library. These
applications demonstrate the capabilities of the TM4C123GH6PM microcontroller, as well as provide a
starting point for the development of the final application for use on the Tiva C Series LaunchPad
evaluation board.

3.2 Source Code

The complete source code including the source code installation instructions are provided at
www.ti.com/tm4c123g-launchpad. The source code and binary files are installed in the DriverLib tree.

3.3 Tool Options

The source code installation includes directories containing projects and/or makefiles for the following tool-
chains:

• Keil ARM RealView® Microcontroller Development System

• IAR Embedded Workbench for ARM

• Sourcery CodeBench

• Texas Instruments' Code Composer Studio™ IDE

Download evaluation versions of these tools from the TI website. Due to code size restrictions, the
evaluation tools may not build all example programs. A full license is necessary to re-build or debug all
examples.

Instructions on installing and using each of the evaluation tools can be found in the Quickstart guides (for
example, Quickstart-Keil, Quickstart-IAR) which are available for download from the evaluation kit section
of the TI website at www.ti.com/tiva-c.

For detailed information on using the tools, see the documentation included in the tool chain installation or
visit the respective web site of the tool supplier.
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3.4 Programming the Tiva C Series LaunchPad Evaluation Board

The Tiva C Series LaunchPad software package includes pre-built binaries for each of the example
applications. If you have installed TivaWare to the default installation path of
C:\ti\TivaWare_C_Series_<version>, you can find the example applications in
C:\ti\TivaWare_C_Series_<version>\examples\boards\ek-tm4c123gxl . The on-board ICDI is used with the
LM Flash Programmer tool to program applications on the Tiva C Series LaunchPad.

Follow these steps to program example applications into the Tiva C Series LaunchPad evaluation board
using the ICDI:

1. Install LM Flash Programmer on a PC running Microsoft® Windows®.

2. Switch the POWER SELECT switch to the right for Debug mode.

3. Connect the USB-A cable plug to an available port on the PC and the Micro-B plug to the Debug USB
port on the board.

4. Verify that the POWER LED D4 on the board is lit.

5. Run the LM Flash Programmer.

6. In the Configuration tab, use the Quick Set control to select the EK-TM4C123GXL evaluation board.

7. Move to the Program tab and click the Browse button. Navigate to the example applications directory
(the default location is C:\ti\TivaWare_C_Series_<version>\examples\boards\ek-tm4c123gxl ).

8. Each example application has its own directory. Navigate to the example directory that you want to
load and then into the directory which contains the binary (*.bin) files. Select the binary file and click
Open.

9. Set the Erase Method to Erase Necessary Pages, check the Verify After Program box, and check
Reset MCU After Program.

Program execution starts once the Verify process is complete.
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References, PCB Layout, and Bill of Materials

4.1 References

In addition to this document, the following references are available for download at www.ti.com:

• Tiva C Series TM4C123GH6PM Microcontroller Data Sheet (literature number SPMS376).

• LM Flash Programmer tool. Available for download at www.ti.com/tool/lmflashprogrammer.

• TivaWare for C Series Driver Library. Available for download at www.ti.com/tool/sw-tm4c-drl.

• TivaWare for C Series Driver Library User’s Manual (literature number SPMU298).

• TPS73633 Low-Dropout Regulator with Reverse Current Protection Data Sheet (literature number
SBVS038)

• Texas Instruments’ Code Composer Studio IDE website: www.ti.com/ccs

Additional support:

• RealView MDK (www.keil.com/arm/rvmdkkit.asp)

• IAR Embedded Workbench (www.iar.com).

• Sourcery CodeBench development tools (www.codesourcery.com/gnu_toolchains/arm).
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4.2 Component Locations

Plots of the top-side component locations are shown in Figure 4-1 and the board dimensions are shown in
Figure 4-2.

Figure 4-1. Tiva C Series LaunchPad Component Locations (Top View)

16 References, PCB Layout, and Bill of Materials SPMU296–April 2013
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPMU296


www.ti.com Bill of Materials (BOM)

Figure 4-2. Tiva C Series LaunchPad Dimensions

NOTE: Units are in mils (one thousandth of an inch): 1 mil = 0.001 inch (0.0254 mm).

4.3 Bill of Materials (BOM)

Table 4-1 shows the bill of materials for the EK-TM4C123GXL evaluation board.

Table 4-1. EK-TM4C123GXL Bill of Materials

Item Ref Des Qty Description Manufacturer Manufacturer Part No

1 C1-2, C7, C12, C14 5 Capacitor, 0402, X5R, 10 V, Low Johanson Dielectrics 100R07X105KV4T
ESR Inc

2 C25-26, C31-32 4 Capacitor, 10 pF, 50 V, 5%, Murata GRM1555C1H100JZ01D
NPO/COG, 0402

3 C28-29 2 Capacitor, 24 pF, 50 V, 5%, TDK C1005C0G1H240J
NPO/COG, 0402

4 C3, C5, C8, C15, 7 Capacitor, 0.01 μF 25 V, 10% Taiyo Yuden TMK105B7103KV-F
C18-19, C21 0402 X7R

5 C4, C6, C10-11, C17, 8 Capacitor, 0.1 μF 16 V, 10% 0402 Taiyo Yuden EMK105B7104KV-F
C20, C23-24 X7R

6 C9, C22 2 Capacitor, 2.2 μF, 16 V, 10%, Murata GRM188R61C225KE15D
0603, X5R

7 D1 1 LED, Tri-Color RGB, 0404 SMD Everlight 18-038/RSGHBHC1-S02/2T
Common Anode

8 D4 1 LED, Green 565 nm, Clear 0805 Lite-On LTST-C171GKT
SMD

9 H24 1 Header, 1x2, 0.100, T-Hole, 3M 961102-6404-AR
Vertical Unshrouded, 0.220 Mate FCI 68001-102HLF

10 H25 1 Jumper, 0.100, Gold, Black, Sullins SPC02SYAN
Closed

11 J1, J3 2 Header, 2x10, T-Hole Vertical Samtec SSW-110-23-S-D
unshrouded stacking
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Table 4-1. EK-TM4C123GXL Bill of Materials (continued)

Item Ref Des Qty Description Manufacturer Manufacturer Part No

12 J11 1 USB Connector, Micro B Recept Hirose ZX62-B-5PA
RA SMT BTTM MNT

13 J2, J4 2 Header, 1x2, 0.100, SMT, Samtec TSM-110-01-S-DH-A-P-TR
Horizontal Unshrouded, 0.230 4UCON 10995
Mate

Major League TSHSM-110-D-02-T-H-AP-
Electronics TR-P-LF

14 J9 1 USB Connector, Micro A/B Hirose ZX62-AB-5PA
Receptacle SMD

15 Q1-3 3 NPN SC70 pre-biased Diodes Inc DTC114EET1G

16 R1-2, R9-16, R20, 12 Resistor, 0 Ω 1/10W 0603 SMD Panasonic ERJ-3GEY0R00V
R26

17 R18-19, R21-23, R28 6 Resistor, 10 kΩ, 1/10W, 5%, 0402 Yageo RC0402FR-0710KL
Thick Film

18 R3-5, R8, R27 5 Resistor, 330 Ω, 1/10W, 5%, 0402 Yageo RC0402FR-07330RL

19 R31 1 Resistor, 1 MΩ 1/10W, 5%, 0402 Rohm MCR01MRTF1004

20 RESET SW1, SW2 3 Switch, Tact 6 mm SMT, 160gf Omron B3S-1000

21 SW3 1 Switch, DPDT, SMT 300 mA × 2 at C K Components JS202011SCQN
6 V

22 U1, U2 2 Tiva C Series MCU Texas Instruments TM4C123GH6PMI
TM4C123GH6PM

23 U8 1 Regulator, 3.3 V, 400 mA, LDO Texas Instruments TPS73633DRBT

24 Y1 1 Crystal, 32.768 kHz Radial Can Abracon AB26TRB-32.768KHZ- T

25 Y2, Y5 2 Crystal, 16.00 MHz 5.0x3.2mm NDK NX5032GA-16.000000 MHz
SMT Abracon ABM3-16.000 MHz-B2- T

PCB Do Not Populate List
(Shown for information only)

26 C31, C34 2 Capacitor, 0.1 μF 16 V, 10% 0402 Taiyo Yuden EMK105B7104KV-F
X7R

27 D2 1 Diode, Dual Schottky, SC70, Diodes Inc BAS70W-05-7-F
BAS70 Common Cathode

28 R17 1 Resistor, 10 kΩ 1/10W 5%, 0402 Yageo RC0402FR-0710KL
Thick Film

29 R24 1 Resistor, 330 Ω, 1/10W, 5%, 0402 Yageo RC0402FR-07330RL

30 R25, R29-30 3 Resistor, 0 Ω, 1/10W 0603 Panasonic ERJ-3GEY0R00V

31 U4 1 IC, Single Voltage Supervisor, 5V, Texas Instruments TLV803MDBZR
DBV
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Schematics

This section contains the complete schematics for the Tiva C Series LaunchPad board.

• Microcontroller, USB, Expansion, Buttons, and LED

• Power Management

• In-Circuit Debug Interface

19SPMU296–April 2013 Schematics
Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPMU296


www.ti.com




108 WILD BASIN ROAD, SUITE 350




AUSTIN TX, 78746




TIVA   MICROCONTROLLERS




TEXAS INSTRUMENTS




0.3




EK-TM4C123GXL




Tiva TM4C123G LaunchPad




Microcontroller, USB, Expansion, Buttons and LED




DGT




2/20/2013




EK-TM4C123GXL Rev A.sch




OF




1




3




SHEET




PART NO.




DATE




REVISION




DESIGNER




FILENAME




DESCRIPTION




PROJECT




R




J1 and J2 provide compatability with




Booster Packs designed for MSP430 Launchpad




J3 and J4 sit 100 mils inside J1 and  J2 to provide 




extended functions specific to this board.




See the board user manual for complete table of pin mux functions




1




V
B




2




D
-




3




D
+




4




ID




5




G




6




8




9




7




J9




CON-USB-MICROAB




1




2




3




4




5




6




7




8




9




10




J1




CON_110_100




1




2




3




4




5




6




7




8




9




10




J2




CON_110_100




SW1




SW2




R8




330




1




2




3




4




5




6




7




8




9




10




J3




CON_110_100




1




2




3




4




5




6




7




8




9




10




J4




CON_110_100




1




PB6




4




PB7




5




PF4




6




PE3




7




PE2




8




PE1




9




PE0




10




PD7




13




PC7




14




PC6




15




PC5




16




PC4




17




PA0




18




PA1




19




PA2




20




PA3




21




PA4




22




PA5




23




PA6




24




PA7




28




PF0




29




PF1




30




PF2




31




PF3




43




PD4




44




PD5




45




PB0




46




PB1




47




PB2




48




PB3




49




PC3




50




PC2




51




PC1




52




PC0




53




PD6




58




PB4




57




PB5




59




PE4




60




PE5




61




PD0




62




PD1




63




PD2




64




PD3




U1-A




TM4C123G




1




A




2




R




3




G




4




B




D1




RGB_LED_0404_COMA




R9




0




R10




0




R1




0




R2




0




R11




0




R12




0




R13




0




R14




0




R4




330




B




E




C




Q2




DTC114EET1G




R3




330




B




E




C




Q1




DTC114EET1G




R5




330




B




E




C




Q3




DTC114EET1G




R25




0




R29




0




USB_DM




USB_DP




DEBUG/VCOM




GPIO




GPIO




PA2




PA3




PA4




PA5




PA6




PA7




PB0




PB1




PB2




PB3




PB4




PB5




PB6




PB7




PC4




PC5




PC6




PC7




PD0




PD1




PD2




PD3




PD6




PD7




PE0




PE1




PE2




PE3




PE4




PE5




PA0/U0RX_VCP_TXD




PA1/U0TX_VCP_RXD




DEBUG_PC0/TCK/SWCLK




DEBUG_PC1/TMS/SWDIO




DEBUG_PC2/TDI




DEBUG_PC3/TDO/SWO




USB_DM




USB_DP




USR_SW2




USR_SW1




GPIO




PB0




PB1




PB4




PB7




PB6




+3.3V




USR_SW2




USR_SW1




+USB_VBUS




WAKE




PB6




PB7




TARGETRST




PF4




PF3




PF2




PF1




PF0




PF4




PD7




+VBUS




PF2




PF3




PB2




+VBUS




LED_B




PB5




PE4




PE5




PA6




PA2




PA3




PA4




PF0




PE0




PF1




PB3




PC4




PC5




PC6




PC7




PD6




PA5




PA7




PD0




PD1




PD2




PD3




PE1




PE2




PE3




PD0




PD1




LED_G




LED_R




LED_R




LED_B




LED_G




PB1




PB0






TIVA   MICROCONTROLLERS




www.ti.com




EK-TM4C123GXL




Tiva Launchpad




0.3




Power Management




DGT




AUSTIN TX, 78746




108 WILD BASIN ROAD, SUITE 350




TEXAS INSTRUMENTS




2/20/2013




EK-TM4C123GXL Rev A.sch




OF




2




3




SHEET




PART NO.




DATE




REVISION




DESIGNER




FILENAME




DESCRIPTION




PROJECT




R




+3.3V  400mA  Regulator 




Power Select




RESET




H24 and H25 installed as a single 1x2




header on 100 mil center with jumper




OMIT this SVS Section for Tiva.  Errata Fixed




8




IN




5




EN




1




OUT




3




NR




4




GND




9




PAD




U8




TPS73633DRB




C18




0.01uF




D
4




G
re

e
n




R
2

7




3
3

0




C3




0.01uF




C4




0.1uF




C5




0.01uF




C6




0.1uF




C8




0.01uF




C10




0.1uF




C11




0.1uF




R
3

1




1
M




H
1




C31




10pF




C32




10pF




Y2




16MHz




C
2

9




2
4

p
F




C
2

8




2
4

p
F




R28




10k




RESET




C13




0.1uF




OMIT




H
2




C22




2.2uF




H17




H18




H19




H20




H21




2




VDDA




3




GNDA




11




VDD




12




GND




25




VDDC




26




VDD




27




GND




32




WAKE




33




HIB




34




XOSC0




35




GNDX




36




XOSC1




37




VBAT




38




RESET




39




GND




40




OSC0




41




OSC1




42




VDD




54




VDD




55




GND




56




VDDC




U1-B




TM4C123G




Y1




32.768Khz




1




2




3




4




5




6




SW3




H22




H23




R
2

6




0




R30




0




OMIT




H11




H12




H10




H13




H24




H25




1




A




2




A




3




K




D2




R17




10k




1




GND




2




RESET




3




VDD




U4




TLV803




C7




1.0uF




C12




1.0uF




C14




1.0uF




+3.3V




+VBUS




WAKE




TARGETRST




+USB_VBUS




+ICDI_VBUS




+VBUS




+MCU_VDDC




+MCU_PWR




+3.3V




HIB




TARGETRST




ICDI_RST




+3.3V




+VBUS




+MCU_PWR






TIVA   MICROCONTROLLERS




www.ti.com




EK-TM4C123GXL




In Circuit Debug Interface




Tiva TM4C123G LaunchPad




0.3




2/20/2013




DGT




AUSTIN TX, 78746




108 WILD BASIN ROAD, SUITE 350




TEXAS INSTRUMENTS




EK-TM4C123GXL Rev A.sch




OF




3




3




SHEET




PART NO.




DATE




REVISION




DESIGNER




FILENAME




DESCRIPTION




PROJECT




R




ICDI JTAG




In-Circuit Debug Interface (ICDI)




5




4




3




2




1




6




7




8




9




10




J5




TC2050-IDC-NL




C15




0.01uF




C17




0.1uF




C19




0.01uF




C20




0.1uF




C21




0.01uF




C23




0.1uF




C24




0.1uF




C25




10pF




C26




10pF




Y5




16MHz




R19




10k




C34




0.1uF




OMIT




R21




10k




R22




10k




C9




2.2uF




R18




10k




R23




10k




H14




1




VB




2




D-




3




D+




4




ID




5




G




6




8




9




7




J1
1




C
O

N
-U

S
B

-M
IC

R
O

B




R24




330




H
1

5




1




PB6




4




PB7




5




PF4




6




PE3




7




PE2




8




PE1




9




PE0




10




PD7




13




PC7




14




PC6




15




PC5




16




PC4




17




PA0




18




PA1




19




PA2




20




PA3




21




PA4




22




PA5




23




PA6




24




PA7




28




PF0




29




PF1




30




PF2




31




PF3




43




PD4




44




PD5




45




PB0




46




PB1




47




PB2




48




PB3




49




PC3




50




PC2




51




PC1




52




PC0




53




PD6




58




PB4




57




PB5




59




PE4




60




PE5




61




PD0




62




PD1




63




PD2




64




PD3




U2-A




TM4C123G




2




VDDA




3




GNDA




11




VDD




12




GND




25




VDDC




26




VDD




27




GND




32




WAKE




33




HIB




34




XOSC0




35




GNDX




36




XOSC1




37




VBAT




38




RESET




39




GND




40




OSC0




41




OSC1




42




VDD




54




VDD




55




GND




56




VDDC




U2-B




TM4C123G




R16




0




C1




1.0uF




C2




1.0uF




R
2

0




0




ICDI_TMS




ICDI_TCK




ICDI_TDO




ICDI_TDI




ICDI_RST




+3.3V




+3.3V




+3.3V




ICDI_TCK




ICDI_TMS




ICDI_TDI




ICDI_TDO




ICDI_RST




+3.3V




DEBUG/VCOM




PA1/U0TX_VCP_RXD




PA0/U0RX_VCP_TXD




DEBUG_PC0/TCK/SWCLK




DEBUG_PC1/TMS/SWDIO




DEBUG_PC3/TDO/SWO




DEBUG_PC2/TDI




TARGETRST




EXTDBG




DEBUG_PC3/TDO/SWO




DEBUG_PC1/TMS/SWDIO




DEBUG_PC0/TCK/SWCLK




+3.3V




+ICDI_VBUS




+MCU_PWR






EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods.

Should this evaluation board/kit not meet the specifications indicated in the User’s Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING LIMITED WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO
BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH
ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of TI covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. TI currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. TI assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION OR EVALUATION PURPOSES ONLY and is not considered by TI to be a finished end product fit for general consumer
use. It generates, uses, and can radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to part 15 of FCC or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment may cause interference with radio communications, in which case the user at his own expense will
be required to take whatever measures may be required to correct this interference.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

For EVMs annotated as FCC – FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant

Caution

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not cause
harmful interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to operate the
equipment.

FCC Interference Statement for Class A EVM devices

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the
instruction manual, may cause harmful interference to radio communications. Operation of this equipment in a residential area is likely to
cause harmful interference in which case the user will be required to correct the interference at his own expense.

http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml


FCC Interference Statement for Class B EVM devices

This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful interference in a residential installation. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in accordance with the instructions, may cause
harmful interference to radio communications. However, there is no guarantee that interference will not occur in a particular installation. If
this equipment does cause harmful interference to radio or television reception, which can be determined by turning the equipment off and
on, the user is encouraged to try to correct the interference by one or more of the following measures:

• Reorient or relocate the receiving antenna.
• Increase the separation between the equipment and receiver.
• Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
• Consult the dealer or an experienced radio/TV technician for help.

For EVMs annotated as IC – INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

Changes or modifications not expressly approved by the party responsible for compliance could void the user’s authority to operate the
equipment.

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the following two conditions: (1) this
device may not cause interference, and (2) this device must accept any interference, including interference that may cause undesired
operation of the device.

Concerning EVMs including detachable antennas

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser) gain
approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type and its gain should
be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for successful communication.

This radio transmitter has been approved by Industry Canada to operate with the antenna types listed in the user guide with the maximum
permissible gain and required antenna impedance for each antenna type indicated. Antenna types not included in this list, having a gain
greater than the maximum gain indicated for that type, are strictly prohibited for use with this device.

Cet appareil numérique de la classe A ou B est conforme à la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider l’autorité de
l'utilisateur pour actionner l'équipement.

Concernant les EVMs avec appareils radio

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation est
autorisée aux deux conditions suivantes : (1) l'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de l'appareil doit accepter tout
brouillage radioélectrique subi, même si le brouillage est susceptible d'en compromettre le fonctionnement.

Concernant les EVMs avec antennes détachables

Conformément à la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et d'un gain
maximal (ou inférieur) approuvé pour l'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage radioélectrique à
l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope rayonnée équivalente
(p.i.r.e.) ne dépasse pas l'intensité nécessaire à l'établissement d'une communication satisfaisante.

Le présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le manuel
d’usage et ayant un gain admissible maximal et l'impédance requise pour chaque type d'antenne. Les types d'antenne non inclus dans
cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour l'exploitation de l'émetteur.
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【【Important Notice for Users of this Product in Japan】】
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal Affairs and
Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for Enforcement of Radio Law of
Japan,

2. Use this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan

http://www.tij.co.jp

【ご使用にあたっての注】

本開発キットは技術基準適合証明を受けておりません。

本製品のご使用に際しては、電波法遵守のため、以下のいずれかの措置を取っていただく必要がありますのでご注意ください。
1. 電波法施行規則第6条第1項第1号に基づく平成18年3月28日総務省告示第173号で定められた電波暗室等の試験設備でご使用いただく。
2. 実験局の免許を取得後ご使用いただく。
3. 技術基準適合証明を取得後ご使用いただく。

なお、本製品は、上記の「ご使用にあたっての注意」を譲渡先、移転先に通知しない限り、譲渡、移転できないものとします。

　　　上記を遵守頂けない場合は、電波法の罰則が適用される可能性があることをご留意ください。

日本テキサス・インスツルメンツ株式会社
東京都新宿区西新宿６丁目２４番１号
西新宿三井ビル
http://www.tij.co.jp
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure that any interfaces (electronic and/or mechanical)
between the EVM and any human body are designed with suitable isolation and means to safely limit accessible leakage currents to
minimize the risk of electrical shock hazard.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI’s recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please contact
a TI field representative prior to connecting interface electronics including input power and intended loads. Any loads applied outside of the
specified output range may result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the
load specification, please contact a TI field representative. During normal operation, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold TI, its licensors and their representatives
harmless from and against any and all claims, damages, losses, expenses, costs and liabilities (collectively, "Claims") arising out of or in
connection with any use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the TI product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class III or similar classification, then you must specifically notify TI of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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Preface

This preface introduces the Cortex-M4 Technical Reference Manual (TRM). It contains the 
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• About this book on page ix
• Feedback on page xii.
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Preface 
About this book
This book is for the Cortex-M4 processor.

Product revision status

The rnpn identifier indicates the revision status of the product described in this manual, where: 
rn Identifies the major revision of the product.
pn Identifies the minor revision or modification status of the product.

Intended audience

This manual is written to help system designers, system integrators, verification engineers, and 
software programmers who are implementing a System-on-Chip (SoC) device based on the 
Cortex-M4 processor.

Using this book

This book is organized into the following chapters: 

Chapter 1 Introduction 
Read this for a description of the components of the processor, and of the product 
documentation.

Chapter 2 Functional Description 
Read this for a description of the functionality of the processor.

Chapter 3 Programmers Model 
Read this for a description of the processor register set, modes of operation, and 
other information for programming the processor.

Chapter 4 System Control 
Read this for a description of the registers and programmers model for system 
control.

Chapter 5 Memory Protection Unit 
Read this for a description of the Memory Protection Unit (MPU).

Chapter 6 Nested Vectored Interrupt Controller 
Read this for a description of the interrupt processing and control.

Chapter 7 Floating Point Unit 
Read this for a description of the Floating Point Unit (FPU)

Chapter 8 Debug 
Read this for information about debugging and testing the processor core.

Chapter 9 Data Watchpoint and Trace Unit 
Read this for a description of the Data Watchpoint and Trace (DWT) unit.

Chapter 10 Instrumentation Trace Macrocell Unit 
Read this for a description of the Instrumentation Trace Macrocell (ITM) unit.

Chapter 11 Trace Port Interface Unit 
Read this for a description of the Trace Port Interface Unit (TPIU).
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. ix
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Preface 
Appendix A Revisions 
Read this for a description of the technical changes between released issues of this 
book.

Glossary Read this for definitions of terms used in this book.

Conventions

Conventions that this book can use are described in:
• Typographical

Typographical

The typographical conventions are:

italic Highlights important notes, introduces special terminology, denotes 
internal cross-references, and citations.

bold Highlights interface elements, such as menu names. Denotes signal 
names. Also used for terms in descriptive lists, where appropriate.

monospace Denotes text that you can enter at the keyboard, such as commands, file 
and program names, and source code.

monospace Denotes a permitted abbreviation for a command or option. You can enter 
the underlined text instead of the full command or option name.

monospace italic Denotes arguments to monospace text where the argument is to be 
replaced by a specific value.

monospace Denotes language keywords when used outside example code.

 < and > Enclose replaceable terms for assembler syntax where they appear in code 
or code fragments. For example:
ADD Rd, Rn, <op2>

Additional reading

This section lists publications by ARM and by third parties.

See Infocenter, http://infocenter.arm.com, for access to ARM documentation.

ARM publications

This book contains information that is specific to this product. See the following documents for 
other relevant information:
• ARMv7-M Architecture Reference Manual (ARM DDI 0403)
• ARM Cortex-M4 Integration and Implementation Manual (ARM DII 0239)
• ARM ETM-M4 Technical Reference Manual (ARM DDI 0440)
• ARM AMBA® 3 AHB-Lite Protocol (v1.0) (ARM IHI 0033)
• ARM AMBA™ 3 APB Protocol Specification (ARM IHI 0024)
• ARM CoreSight™ Components Technical Reference Manual (ARM DDI 0314)
• ARM Debug Interface v5 Architecture Specification (ARM IHI 0031).
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Other publications

This section lists relevant documents published by third parties: 
• IEEE Standard Test Access Port and Boundary-Scan Architecture 1149.1-2001 (JTAG) 
• IEEE Standard IEEE Standard for Binary Floating-Point Arithmetic 754-2008. 
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Feedback
ARM  welcomes feedback on this product and its documentation.

Feedback on this product

If you have any comments or suggestions about this product, contact your supplier and give: 

• The product name.

• The product revision or version.

• An explanation with as much information as you can provide. Include symptoms and 
diagnostic procedures if appropriate.

Feedback on this manual

If you have comments on content then send e-mail to errata@arm.com. Give:
• the title
• the number, ARM DDI 0439C
• the page number(s) to which your comments refer
• a concise explanation of your comments.

ARM also welcomes general suggestions for additions and improvements.
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Chapter 1 
Introduction

This chapter introduces the processor and instruction set. It contains the following sections: 
• About the processor on page 1-2
• Features on page 1-3
• Interfaces on page 1-4
• Configurable options on page 1-5
• Product documentation on page 1-6.
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Introduction 
1.1 About the processor
The Cortex-M4 processor is a low-power processor that features low gate count, low interrupt 
latency, and low-cost debug. The Cortex-M4F is a processor with the same capability as the 
Cortex-M4 processor, and includes floating point arithmetic functionality (see Chapter 7 
Floating Point Unit). Both processors are intended for deeply embedded applications that 
require fast interrupt response features.

Throughout this document the name Cortex-M4 refers to both Cortex-M4 and Cortex-M4F 
processors unless otherwise indicated.
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1.2 Features
The Cortex-M4 processor incorporates:

• a processor core

• a Nested Vectored Interrupt Controller (NVIC) closely integrated with the processor core 
to achieve low latency interrupt processing

• multiple high-performance bus interfaces

• a low-cost debug solution with the optional ability to:
— implement breakpoints and code patches
— implement watchpoints, tracing, and system profiling
— support printf() style debugging.
— bridge to a Trace Port Analyzer (TPA).

• an optional Memory Protection Unit (MPU)

• a Floating Point Unit (FPU) unit, in the Cortex-M4F processor.
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 1-3
ID070610 Non-Confidential



Introduction 
1.3 Interfaces
The processor has the following external interfaces:
• multiple memory and device bus interfaces
• ETM interface
• trace port interface
• debug port interface.
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1.4 Configurable options
You can configure your Cortex-M4 implementation to include the following optional 
components as Table 1-1 shows:

Note
 You can only configure trace functionality in the following combinations:
• no trace functionality
• ITM and DWT
• ITM, DWT, and ETM
• ITM, DWT, ETM, and HTM.

You can configure the features provided in the DWT independently.

Table 1-1 Optional implementation components

Component Description

MPU See Chapter 5 Memory Protection Unit

FPB See Chapter 8 Debug

DWT See Chapter 9 Data Watchpoint and Trace Unit

ITM See Chapter 10 Instrumentation Trace Macrocell Unit

ETM See the ETM-M4 Technical Reference Manual

AHB-AP See Chapter 8 Debug

HTM interface See AHB Trace Macrocell interface on page 2-7

TPIU See Chapter 11 Trace Port Interface Unit

WIC See Low power modes on page 6-3

Debug Port See Debug Port AHB-AP interface on page 2-7

FPU See Chapter 7 Floating Point Unit

Bit-banding See Bit-banding on page 3-19

Constant AHB control See Bus interfaces on page 2-5
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1.5 Product documentation
This section describes the processor books, how they relate to the design flow, and the relevant 
architectural standards and protocols.

See Additional reading on page x for more information about the books described in this 
section.

1.5.1 Documentation

The Cortex-M4 documentation is as follows:

Technical Reference Manual 
The Technical Reference Manual (TRM) describes the functionality and the 
effects of functional options on the behavior of the Cortex-M4 processor. It is 
required at all stages of the design flow. Some behavior described in the TRM 
might not be relevant because of the way that the Cortex-M4 processor is 
implemented and integrated. If you are programming the Cortex-M4 processor 
then contact:
• the implementer to determine:

— the build configuration of the implementation
— what integration, if any, was performed before implementing the 

processor.
• the integrator to determine the pin configuration of the SoC that you are 

using.

Integration and Implementation Manual 
The Integration and Implementation Manual (IIM) describes:
• The available build configuration options and related issues in selecting 

them.
• How to configure the Register Transfer Level (RTL) with the build 

configuration options.
• How to integrate the processor into a SoC. This includes a description of 

the integration kit and describes the pins that the integrator must tie off to 
configure the macrocell for the required integration.

• How to implement the processor into your design. This includes 
floorplanning guidelines, Design for Test (DFT) information, and how to 
perform netlist dynamic verification on the processor.

• The processes to sign off the integration and implementation of the design.
The ARM product deliverables include reference scripts and information about 
using them to implement your design.
Reference methodology documentation from your EDA tools vendor 
complements the IIM.
The IIM is a confidential book that is only available to licensees.

ETM-M4 Technical Reference Manual 
The ETM-M4 Technical Reference Manual (TRM) describes the functionality 
and behavior of the Cortex-M4 Embedded Trace Macrocell. It is required at all 
stages of the design flow. Typically the ETM-M4 is integrated with the 
Cortex-M4 processor prior to implementation as a single macrocell.
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Cortex-M4 User Guide Reference Material 
This document provides reference material that ARM partners can configure and 
include in a User Guide for an ARM Cortex-M4 processor. Typically:
• each chapter in this reference material might correspond to a section in the 

User Guide
• each top-level section in this reference material might correspond to a 

chapter in the User Guide.
However, you can organize this material in any way, subject to the conditions of 
the licence agreement under which ARM supplied the material.

1.5.2 Design Flow

The processor is delivered as synthesizable RTL. Before it can be used in a product, it must go 
through the following process:

Implementation 
The implementer configures and synthesizes the RTL.

Integration The integrator connects the implemented design into a SoC. This includes 
connecting it to a memory system and peripherals.

Programming 
The system programmer develops the software required to configure and 
initialize the processor, and tests the required application software.

Each stage in the process can be performed by a different party. Implementation and integration 
choices affect the behavior and features of the processor.

For MCUs, often a single design team integrates the processor before synthesizing the complete 
design. Alternatively, the team can synthesise the processor on its own or partially integrated, 
to produce a macrocell that is then integrated, possibly by a separate team.

The operation of the final device depends on:

Build configuration 
The implementer chooses the options that affect how the RTL source files are 
pre-processed. These options usually include or exclude logic that affects one or 
more of the area, maximum frequency, and features of the resulting macrocell.

Configuration inputs 
The integrator configures some features of the processor by tying inputs to 
specific values. These configurations affect the start-up behavior before any 
software configuration is made. They can also limit the options available to the 
software.

Software configuration 
The programmer configures the processor by programming particular values into 
registers. This affects the behavior of the processor.

Note
 This manual refers to implementation-defined features that are applicable to build configuration 
options. Reference to a feature that is included means that the appropriate build and pin 
configuration options are selected. Reference to an enabled feature means one that has also been 
configured by software.
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1.5.3 Architecture and protocol information

The processor complies with, or implements, the specifications described in:
• ARM architecture
• Bus architecture
• Debug
• Embedded Trace Macrocell.

This book complements architecture reference manuals, architecture specifications, protocol 
specifications, and relevant external standards. It does not duplicate information from these 
sources.

ARM architecture

The processor implements the ARMv7-M architecture profile. See the ARMv7-M Architecture 
Reference Manual.

Bus architecture

The processor provides three primary bus interfaces implementing a variant of the AMBA 3 
AHB-Lite protocol. The processor implements an interface for CoreSight and other debug 
components using the AMBA 3 APB protocol. See:
• the ARM AMBA 3 AHB-Lite Protocol (v1.0)
• the ARM AMBA 3 APB Protocol Specification.

Debug

The debug features of the processor implement the ARM debug interface architecture. See the 
ARM Debug Interface v5 Architecture Specification.

Embedded Trace Macrocell

The trace features of the processor implement the ARM Embedded Trace Macrocell 
architecture. See the ARM Embedded Trace Macrocell Architecture Specification.

Floating Point Unit

The Cortex-M4F processor implements single precision floating-point data processing as 
defined by the FPv4-SP architecture, that is part of the ARMv7-M architecture. It provides 
floating-point computation functionality that is compliant with the ANSI/IEEE Std 754-2008, 
IEEE Standard for Binary Floating-Point Arithmetic. See the ARMv7M Architecture Reference 
Manual and Chapter 7 Floating Point Unit.
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1.6 Product revisions
This section describes the differences in functionality between product revisions:

• Differences in functionality between r0p0 and r0p1.

1.6.1 Differences in functionality between r0p0 and r0p1

In summary, the differences in functionality include:

• New implementation option to ensure constant AHB control during wait-stated transfers.
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Chapter 2 
Functional Description

This chapter introduces the processor and its external interfaces. It contains the following sections: 
• About the functions on page 2-2
• Interfaces on page 2-5.
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Functional Description 
2.1 About the functions
Figure 2-1 shows the structure of the Cortex-M4 processor.

Figure 2-1 Cortex-M4 block diagram

The Cortex-M4 processor features:

• A low gate count processor core, with low latency interrupt processing that has:
— A subset of the Thumb instruction set, defined in the ARMv7-M Architecture 

Reference Manual.
— Banked Stack Pointer (SP).
— Hardware integer divide instructions, SDIV and UDIV.
— Handler and Thread modes.
— Thumb and Debug states.
— Support for interruptible-continued instructions LDM, STM, PUSH, and POP for low 

interrupt latency.
— Automatic processor state saving and restoration for low latency Interrupt Service 

Routine (ISR) entry and exit.
— Support for ARMv6 big-endian byte-invariant or little-endian accesses.
— Support for ARMv6 unaligned accesses.
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† For the Cortex-M4F processor, the core includes a Floating Point Unit (FPU)
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Functional Description 
• Floating Point Unit (FPU) in the Cortex-M4F processor providing:
— 32-bit instructions for single-precision (C float) data-processing operations.
— Combined Multiply and Accumulate instructions for increased precision (Fused 

MAC).
— Hardware support for conversion, addition, subtraction, multiplication with 

optional accumulate, division, and square-root.
— Hardware support for denormals and all IEEE rounding modes.
— 32 dedicated 32-bit single precision registers, also addressable as 16 double-word 

registers.
— Decoupled three stage pipeline.

• Nested Vectored Interrupt Controller (NVIC) closely integrated with the processor core 
to achieve low latency interrupt processing. Features include:
— External interrupts, configurable from 1 to 240.
— Bits of priority, configurable from 3 to 8.
— Dynamic reprioritization of interrupts.
— Priority grouping. This enables selection of preempting interrupt levels and non 

preempting interrupt levels.
— Support for tail-chaining and late arrival of interrupts. This enables back-to-back 

interrupt processing without the overhead of state saving and restoration between 
interrupts.

— Processor state automatically saved on interrupt entry, and restored on interrupt exit, 
with no instruction overhead.

— Optional Wake-up Interrupt Controller (WIC), providing ultra-low power sleep 
mode support.

• Memory Protection Unit (MPU). An optional MPU for memory protection, including:
— Eight memory regions.
— Sub Region Disable (SRD), enabling efficient use of memory regions.
— The ability to enable a background region that implements the default memory map 

attributes.

• Bus interfaces:
— Three Advanced High-performance Bus-Lite (AHB-Lite) interfaces: ICode, 

DCode, and System bus interfaces.
— Private Peripheral Bus (PPB) based on Advanced Peripheral Bus (APB) interface.
— Bit-band support that includes atomic bit-band write and read operations.
— Memory access alignment.
— Write buffer for buffering of write data.
— Exclusive access transfers for multiprocessor systems.

• Low-cost debug solution that features:
— Debug access to all memory and registers in the system, including access to 

memory mapped devices, access to internal core registers when the core is halted, 
and access to debug control registers even while SYSRESETn is asserted.

— Serial Wire Debug Port (SW-DP) or Serial Wire JTAG Debug Port (SWJ-DP) debug 
access.
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— Optional Flash Patch and Breakpoint (FPB) unit for implementing breakpoints and 
code patches.

— Optional Data Watchpoint and Trace (DWT) unit for implementing watchpoints, 
data tracing, and system profiling.

— Optional Instrumentation Trace Macrocell (ITM) for support of printf() style 
debugging.

— Optional Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer 
(TPA), including Single Wire Output (SWO) mode.

— Optional Embedded Trace Macrocell (ETM) for instruction trace.
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2.2 Interfaces
The processor contains the following external interfaces:
• Bus interfaces
• ETM interface on page 2-7
• AHB Trace Macrocell interface on page 2-7
• Debug Port AHB-AP interface on page 2-7.

2.2.1 Bus interfaces

The processor contains three external Advanced High-performance Bus (AHB)-Lite bus 
interfaces and one Advanced Peripheral Bus (APB) interface:
• ICode memory interface
• DCode memory interface on page 2-6
• System interface on page 2-6
• Private Peripheral Bus (PPB) on page 2-6.

The processor matches the AMBA 3 specification except for maintaining control information 
during waited transfers. The AMBA 3 AHB-Lite Protocol states that when the slave is 
requesting wait states the master must not change the transfer type, except for the following 
cases:

• On an IDLE transfer, the master can change the transfer type from IDLE to NONSEQ.

• On a BUSY transfer with a fixed length burst, the master can change the transfer type 
from BUSY to SEQ.

• On a BUSY transfer with an undefined length burst, the master can change the transfer 
type from BUSY to any other transfer type.

The processor does not match this definition because it might change the access type from SEQ 
or NONSEQ to IDLE during a waited transfer. The processor might also change the address or 
other control information and therefore request an access to a new location. The original address 
that was retracted might not be requested again. This cancels the outstanding transfer that has 
not occurred because the previous access is wait-stated and awaiting completion. This is done 
so that the processor can have a lower interrupt latency and higher performance in wait-stated 
systems by retracting accesses that are no longer required.

To achieve complete compliance with the AMBA 3 specification you can implement the design 
with the AHB_CONST_CTRL parameter set to 1. This ensures that once transfers are issued 
during a wait-stated response they are never retracted or modified and the original transfer is 
honoured. The consequence of setting this parameter is that the performance of the core might 
decrease for wait-stated systems as a result of the interrupt and branch latency increasing.

ICode memory interface

Instruction fetches from Code memory space, 0x00000000 to 0x1FFFFFFC, are performed over this 
32-bit AHB-Lite bus. 

The Debugger cannot access this interface. All fetches are word-wide. The number of 
instructions fetched per word depends on the code running and the alignment of the code in 
memory.
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DCode memory interface

Data and debug accesses to Code memory space, 0x00000000 to 0x1FFFFFFF, are performed over 
this 32-bit AHB-Lite bus. Core data accesses have a higher priority than debug accesses on this 
bus. This means that debug accesses are waited until core accesses have completed when there 
are simultaneous core and debug access to this bus.

Control logic in this interface converts unaligned data and debug accesses into two or three 
aligned accesses, depending on the size and alignment of the unaligned access. This stalls any 
subsequent data or debug access until the unaligned access has completed.

Note
 ARM strongly recommends that any external arbitration between the ICode and DCode AHB 
bus interfaces ensures that DCode has a higher priority than ICode.

System interface

Instruction fetches, and data and debug accesses, to address ranges 0x20000000 to 0xDFFFFFFF and 
0xE0100000 to 0xFFFFFFFF are performed over this 32-bit AHB-Lite bus. 

For simultaneous accesses to this bus, the arbitration order in decreasing priority is:
• data accesses
• instruction and vector fetches
• debug.

The system bus interface contains control logic to handle unaligned accesses, FPB remapped 
accesses, bit-band accesses, and pipelined instruction fetches.

Private Peripheral Bus (PPB)

Data and debug accesses to external PPB space, 0xE0040000 to 0xE00FFFFF, are performed over 
this 32-bit Advanced Peripheral Bus (APB) bus. The Trace Port Interface Unit (TPIU) and 
vendor specific peripherals are on this bus. 

Core data accesses have higher priority than debug accesses, so debug accesses are waited until 
core accesses have completed when there are simultaneous core and debug access to this bus. 
Only the address bits necessary to decode the External PPB space are supported on this 
interface. 

The External PPB (EPPB) space, 0xE0040000 up to 0xE0100000, is intended for 
CoreSight-compatible debug and trace components, and has a number of irregular limitations 
which make it less useful for regular system peripherals. ARM recommends that system 
peripherals are placed in suitable Device type areas of the System bus address space, with use 
of an AHB2APB protocol converter for APB-based devices.

Limitations of the EPPB space are:

• it is accessible in privileged mode only

• it is accessed in little-endian fashion irrespective of the data endianness setting of the 
processor

• accesses behave as Strongly Ordered

• unaligned accesses have Unpredictable results

• only 32-bit data accesses are supported
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 2-6
ID070610 Non-Confidential



Functional Description 
• it is accessible from the Debug Port and the local processor, but not from any other 
processor in the system.

2.2.2 ETM interface

The ETM interface enables simple connection of the ETM-M4 to the processor. It provides a 
channel for instruction trace to the ETM. See the ARM Embedded Trace Macrocell Architecture 
Specification.

2.2.3 AHB Trace Macrocell interface

The AHB Trace Macrocell (HTM) interface enables a simple connection of the AHB trace 
macrocell to the processor. It provides a channel for the data trace to the HTM.

Your implementation must include this interface to use the HTM interface. You must set 
TRCENA to 1 in the Debug Exception and Monitor Control Register (DEMCR) before you 
enable the HTM port to supply trace data. See the ARMv7-M Architecture Reference Manual.

2.2.4 Debug Port AHB-AP interface

The processor contains an Advanced High-performance Bus Access Port (AHB-AP) interface 
for debug accesses. An external Debug Port (DP) component accesses this interface. The 
Cortex-M4 system supports three possible DP implementations:

• The Serial Wire JTAG Debug Port (SWJ-DP). The SWJ-DP is a standard CoreSight debug 
port that combines JTAG-DP and Serial Wire Debug Port (SW-DP).

• The SW-DP. This provides a two-pin interface to the AHB-AP port.

• No DP present. If no debug functionality is present within the processor, a DP is not 
required.

The two DP implementations provide different mechanisms for debug access to the processor. 
Your implementation must contain only one of these components.

Note
 Your implementation might contain an alternative implementer-specific DP instead of SW-DP 
or SWJ-DP. See your implementer for details.

For more detailed information on the DP components, see the CoreSight Components Technical 
Reference manual.

For more information on the AHB-AP, see Chapter 8 Debug.

The DP and AP together are referred to as the Debug Access Port (DAP).

For more detailed information on the debug interface, see the ARM Debug Interface v5 
Architecture Specification.
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Chapter 3 
Programmers Model

This chapter describes the processor programmers model. It contains the following sections:
• About the programmers model on page 3-2
• Modes of operation and execution on page 3-3
• Instruction set summary on page 3-4
• System address map on page 3-14
• Write buffer on page 3-17
• Bit-banding on page 3-19
• Processor core register summary on page 3-21
• Exceptions on page 3-23.
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3.1 About the programmers model
The ARMv7-M Architecture Reference Manual provides a complete description of the 
programmers model. This chapter gives an overview of the Cortex-M4 processor programmers 
model that describes the implementation-defined options. It also contains the ARMv7-M 
Thumb instructions the model uses, and their cycle counts for the processor. In addition:
• Chapter 4 summarizes the system control features of the programmers model
• Chapter 5 summarizes the MPU features of the programmers model
• Chapter 6 summarizes the NVIC features of the programmers model
• Chapter 7 summarizes the FPU features of the programmers model
• Chapter 8 summarizes the Debug features of the programmers model
• Chapter 9 summarizes the DWT features of the programmers model
• Chapter 10 summarizes the ITM features of the programmers model
• Chapter 11 summarizes the TPIU features of the programmers model.
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3.2 Modes of operation and execution
This section briefly describes the modes of operation and execution of the Cortex-M4 processor. 
See the ARMv7-M Architecture Reference Manual for more information.

3.2.1 Operating modes

The processor supports two modes of operation, Thread mode and Handler mode:

• The processor enters Thread mode on Reset, or as a result of an exception return. 
Privileged and Unprivileged code can run in Thread mode.

• The processor enters Handler mode as a result of an exception. All code is privileged in 
Handler mode.

3.2.2 Operating states

The processor can operate in one of two operating states:

• Thumb state. This is normal execution running 16-bit and 32-bit halfword aligned Thumb 
instructions.

• Debug State. This is the state when the processor is in halting debug.

3.2.3 Privileged access and user access

Code can execute as privileged or unprivileged. Unprivileged execution limits or excludes 
access to some resources. Privileged execution has access to all resources. Handler mode is 
always privileged. Thread mode can be privileged or unprivileged.
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3.3 Instruction set summary
This section provides information on:
• Cortex-M4 instructions
• Load/store timings on page 3-11
• Binary compatibility with other Cortex processors on page 3-12.

3.3.1 Cortex-M4 instructions

The processor implements the ARMv7-M Thumb instruction set. Table 3-1 shows the 
Cortex-M4 instructions and their cycle counts. The cycle counts are based on a system with zero 
wait states.

Within the assembler syntax, depending on the operation, the <op2> field can be replaced with 
one of the following options:
• a simple register specifier, for example Rm
• an immediate shifted register, for example Rm, LSL #4
• a register shifted register, for example Rm, LSL Rs
• an immediate value, for example #0xE000E000.

For brevity, not all load and store addressing modes are shown. See the ARMv7-M Architecture 
Reference Manual for more information.

Table 3-1 uses the following abbreviations in the Cycles column:

P The number of cycles required for a pipeline refill. This ranges from 1 to 3 
depending on the alignment and width of the target instruction, and whether the 
processor manages to speculate the address early.

B The number of cycles required to perform the barrier operation. For DSB and DMB, 
the minimum number of cycles is zero. For ISB, the minimum number of cycles 
is equivalent to the number required for a pipeline refill.

N The number of registers in the register list to be loaded or stored, including PC or 
LR.

W The number of cycles spent waiting for an appropriate event.

Table 3-1 Cortex-M4 instruction set summary

Operation Description Assembler Cycles

Move Register MOV Rd, <op2> 1

16-bit immediate MOVW Rd, #<imm> 1

Immediate into top MOVT Rd, #<imm> 1

To PC MOV PC, Rm 1 + P

Add Add ADD Rd, Rn, <op2> 1

Add to PC ADD PC, PC, Rm 1 + P

Add with carry ADC Rd, Rn, <op2> 1

Form address ADR Rd, <label> 1
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Subtract Subtract SUB Rd, Rn, <op2> 1

Subtract with borrow SBC Rd, Rn, <op2> 1

Reverse RSB Rd, Rn, <op2> 1

Multiply Multiply MUL Rd, Rn, Rm 1

Multiply accumulate MLA Rd, Rn, Rm 1

Multiply subtract MLS Rd, Rn, Rm 1

Long signed SMULL RdLo, RdHi, Rn, Rm 1

Long unsigned UMULL RdLo, RdHi, Rn, Rm 1

Long signed accumulate SMLAL RdLo, RdHi, Rn, Rm 1

Long unsigned accumulate UMLAL RdLo, RdHi, Rn, Rm 1

Divide Signed SDIV Rd, Rn, Rm 2 to 12a

Unsigned UDIV Rd, Rn, Rm 2 to 12a

Saturate Signed SSAT Rd, #<imm>, <op2> 1

Unsigned USAT Rd, #<imm>, <op2> 1

Compare Compare CMP Rn, <op2> 1

Negative CMN Rn, <op2> 1

Logical AND AND Rd, Rn, <op2> 1

Exclusive OR EOR Rd, Rn, <op2> 1

OR ORR Rd, Rn, <op2> 1

OR NOT ORN Rd, Rn, <op2> 1

Bit clear BIC Rd, Rn, <op2> 1

Move NOT MVN Rd, <op2> 1

AND test TST Rn, <op2> 1

Exclusive OR test TEQ Rn, <op1>

Shift Logical shift left LSL Rd, Rn, #<imm> 1

Logical shift left LSL Rd, Rn, Rs 1

Logical shift right LSR Rd, Rn, #<imm> 1

Logical shift right LSR Rd, Rn, Rs 1

Arithmetic shift right ASR Rd, Rn, #<imm> 1

Arithmetic shift right ASR Rd, Rn, Rs 1

Rotate Rotate right ROR Rd, Rn, #<imm> 1

Rotate right ROR Rd, Rn, Rs 1

With extension RRX Rd, Rn 1

Table 3-1 Cortex-M4 instruction set summary (continued)

Operation Description Assembler Cycles
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Count Leading zeroes CLZ Rd, Rn 1

Load Word LDR Rd, [Rn, <op2>] 2b

To PC LDR PC, [Rn, <op2>] 2b + P

Halfword LDRH Rd, [Rn, <op2>] 2b

Byte LDRB Rd, [Rn, <op2>] 2b

Signed halfword LDRSH Rd, [Rn, <op2>] 2b

Signed byte LDRSB Rd, [Rn, <op2>] 2b

User word LDRT Rd, [Rn, #<imm>] 2b

User halfword LDRHT Rd, [Rn, #<imm>] 2b

User byte LDRBT Rd, [Rn, #<imm>] 2b

User signed halfword LDRSHT Rd, [Rn, #<imm>] 2b

User signed byte LDRSBT Rd, [Rn, #<imm>] 2b

PC relative LDR Rd,[PC, #<imm>] 2b

Doubleword LDRD Rd, Rd, [Rn, #<imm>] 1 + N

Multiple LDM Rn, {<reglist>} 1 + N

Multiple including PC LDM Rn, {<reglist>, PC} 1 + N + P

Store Word STR Rd, [Rn, <op2>] 2b

Halfword STRH Rd, [Rn, <op2>] 2b

Byte STRB Rd, [Rn, <op2>] 2b

Signed halfword STRSH Rd, [Rn, <op2>] 2b

Signed byte STRSB Rd, [Rn, <op2>] 2b

User word STRT Rd, [Rn, #<imm>] 2b

User halfword STRHT Rd, [Rn, #<imm>] 2b

User byte STRBT Rd, [Rn, #<imm>] 2b

User signed halfword STRSHT Rd, [Rn, #<imm>] 2b

User signed byte STRSBT Rd, [Rn, #<imm>] 2b

Doubleword STRD Rd, Rd, [Rn, #<imm>] 1 + N

Multiple STM Rn, {<reglist>} 1 + N

Push Push PUSH {<reglist>} 1 + N

Push with link register PUSH {<reglist>, LR} 1 + N

Pop Pop POP {<reglist>} 1 + N

Pop and return POP {<reglist>, PC} 1 + N + P

Table 3-1 Cortex-M4 instruction set summary (continued)

Operation Description Assembler Cycles
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Semaphore Load exclusive LDREX Rd, [Rn, #<imm>] 2

Load exclusive half LDREXH Rd, [Rn] 2

Load exclusive byte LDREXB Rd, [Rn] 2

Store exclusive STREX Rd, Rt, [Rn, #<imm>] 2

Store exclusive half STREXH Rd, Rt, [Rn] 2

Store exclusive byte STREXB Rd, Rt, [Rn] 2

Clear exclusive monitor CLREX 1

Branch Conditional B<cc> <label> 1 or 1 + Pc

Unconditional B <label> 1 + P

With link BL <label> 1 + P

With exchange BX Rm 1 + P

With link and exchange BLX Rm 1 + P

Branch if zero CBZ Rn, <label> 1 or 1 + Pc

Branch if non-zero CBNZ Rn, <label> 1 or 1 + Pc

Byte table branch TBB [Rn, Rm] 2 + P

Halfword table branch TBH [Rn, Rm, LSL#1] 2 + P

State change Supervisor call SVC #<imm> -

If-then-else IT... <cond> 1d

Disable interrupts CPSID <flags> 1 or 2

Enable interrupts CPSIE <flags> 1 or 2

Read special register MRS Rd, <specreg> 1 or 2

Write special register MSR <specreg>, Rn 1 or 2

Breakpoint BKPT #<imm> -

Extend Signed halfword to word SXTH Rd, <op2> 1

Signed byte to word SXTB Rd, <op2> 1

Unsigned halfword UXTH Rd, <op2> 1

Unsigned byte UXTB Rd, <op2> 1

Bit field Extract unsigned UBFX Rd, Rn, #<imm>, #<imm> 1

Extract signed SBFX Rd, Rn, #<imm>, #<imm> 1

Clear BFC Rd, Rn, #<imm>, #<imm> 1

Insert BFI Rd, Rn, #<imm>, #<imm> 1

Table 3-1 Cortex-M4 instruction set summary (continued)

Operation Description Assembler Cycles
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Table 3-2 shows the DSP instructions that the Cortex-M4 processor implements.

Reverse Bytes in word REV Rd, Rm 1

Bytes in both halfwords REV16 Rd, Rm 1

Signed bottom halfword REVSH Rd, Rm 1

Bits in word RBIT Rd, Rm 1

Hint Send event SEV 1

Wait for event WFE 1 + W

Wait for interrupt WFI 1 + W

No operation NOP 1

Barriers Instruction synchronization ISB 1 + B

Data memory DMB 1 + B

Data synchronization DSB <flags> 1 + B

a. Division operations use early termination to minimize the number of cycles required based 
on the number of leading ones and zeroes in the input operands.

b. Neighboring load and store single instructions can pipeline their address and data phases. 
This enables these instructions to complete in a single execution cycle.

c. Conditional branch completes in a single cycle if the branch is not taken.
d. An IT instruction can be folded onto a preceding 16-bit Thumb instruction, enabling 

execution in zero cycles.

Table 3-1 Cortex-M4 instruction set summary (continued)

Operation Description Assembler Cycles

Table 3-2 Cortex-M4 DSP instruction set summary

Operation Description Assembler Cycles

Multiply 32-bit multiply with 32-most-significant-bit accumulate SMMLA 1

32-bit multiply with 32-most-significant-bit subtract SMMLS 1

32-bit multiply returning 32-most-significant-bits SMMUL 1

32-bit multiply with rounded 32-most-significant-bit accumulate SMMLAR 1

32-bit multiply with rounded 32-most-significant-bit subtract SMMLSR 1

32-bit multiply returning rounded 32-most-significant-bits SMMULR 1
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Signed 
Multiply

Q setting 16-bit signed multiply with 32-bit accumulate, bottom by bottom SMLABB 1

Q setting 16-bit signed multiply with 32-bit accumulate, bottom by top SMLABT 1

16-bit signed multiply with 64-bit accumulate, bottom by bottom SMLALBB 1

16-bit signed multiply with 64-bit accumulate, bottom by top SMLALBT 1

Dual 16-bit signed multiply with single 64-bit accumulator SMLALD{X} 1

16-bit signed multiply with 64-bit accumulate, top by bottom SMLALTB 1

16-bit signed multiply with 64-bit accumulate, top by top SMLALTT 1

16-bit signed multiply yielding 32-bit result, bottom by bottom SMULBB 1

16-bit signed multiply yielding 32-bit result, bottom by top SMULBT 1

16-bit signed multiply yielding 32-bit result, top by bottom SMULTB 1

16-bit signed multiply yielding 32-bit result, top by bottom SMULTT 1

16-bit by 32-bit signed multiply returning 32-most-significant-bits, bottom SMULWB 1

16-bit by 32-bit signed multiply returning 32-most-significant-bits, top SMULWT 1

Dual 16-bit signed multiply returning difference SMUSD{X} 1

Q setting 16-bit signed multiply with 32-bit accumulate, top by bottom SMLATB 1

Q setting 16-bit signed multiply with 32-bit accumulate, top by top SMLATT 1

Q setting dual 16-bit signed multiply with single 32-bit accumulator SMLAD{X} 1

Q setting 16-bit by 32-bit signed multiply with 32-bit accumulate, bottom SMLAWB 1

Q setting 16-bit by 32-bit signed multiply with 32-bit accumulate, top SMLAWT 1

Q setting dual 16-bit signed multiply subtract with 32-bit accumulate SMLSD{X} 1

Q setting dual 16-bit signed multiply subtract with 64-bit accumulate SMLSLD{X} 1

Q setting sum of dual 16-bit signed multiply SMUAD{X} 1

Unsigned 
Multiply

32-bit unsigned multiply with double 32-bit accumulation yielding 64-bit result UMAAL 1

Saturate Q setting dual 16-bit saturate SSAT16 1

Q setting dual 16-bit unsigned saturate USAT16 1

Table 3-2 Cortex-M4 DSP instruction set summary (continued)

Operation Description Assembler Cycles
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 3-9
ID070610 Non-Confidential



Programmers Model 
Packing and 
Unpacking

Pack half word top with shifted bottom PKHTB 1

Pack half word bottom with shifted top PKHBT 1

Extract 8-bits and sign extend to 32-bits SXTB 1

Dual extract 8-bits and sign extend each to 16-bits SXTB16 1

Extract 16-bits and sign extend to 32-bits SXTH 1

Extract 8-bits and zero-extend to 32-bits UXTB 1

Dual extract 8-bits and zero-extend to 16-bits UXTB16 1

Extract 16-bits and zero-extend to 32-bits UXTH 1

Extract 8-bit to 32-bit unsigned addition UXTAB 1

Dual extracted 8-bit to 16-bit unsigned addition UXTAB16 1

Extracted 16-bit to 32-bit unsigned addition UXTAH 1

Extracted 8-bit to 32-bit signed addition SXTAB 1

Dual extracted 8-bit to 16-bit signed addition SXTAB16 1

Extracted 16-bit to 32-bit signed addition SXTAH 1

Miscellaneous 
Data 
Processing

Select bytes based on GE bits SEL 1

Unsigned sum of quad 8-bit unsigned absolute difference USAD8 1

Unsigned sum of quad 8-bit unsigned absolute difference with 32-bit accumulate USADA8 1

Addition Dual 16-bit unsigned saturating addition UQADD16 1

Quad 8-bit unsigned saturating addition UQADD8 1

Q setting saturating add QADD 1

Q setting dual 16-bit saturating add QADD16 1

Q setting quad 8-bit saturating add QADD8 1

Q setting saturating double and add QDADD 1

GE setting quad 8-bit signed addition SADD8 1

GE setting dual 16-bit signed addition SADD16 1

Dual 16-bit signed addition with halved results SHADD16 1

Quad 8-bit signed addition with halved results SHADD8 1

GE setting dual 16-bit unsigned addition UADD16 1

GE setting quad 8-bit unsigned addition UADD8 1

Dual 16-bit unsigned addition with halved results UHADD16 1

Quad 8-bit unsigned addition with halved results UHADD8 1

Table 3-2 Cortex-M4 DSP instruction set summary (continued)

Operation Description Assembler Cycles
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3.3.2 Load/store timings

This section describes how best to pair instructions to achieve more reductions in timing.

• STR Rx,[Ry,#imm] is always one cycle. This is because the address generation is performed 
in the initial cycle, and the data store is performed at the same time as the next instruction 
is executing. If the store is to the write buffer, and the write  buffer is full or not enabled, 
the next instruction is delayed until the store can complete. If the store is not to the write 
buffer, for example to the Code segment, and that transaction stalls, the impact on timing 
is only felt if another load or store operation is executed before completion.

Subtraction Q setting saturating double and subtract QDSUB 1

Dual 16-bit unsigned saturating subtraction UQSUB16 1

Quad 8-bit unsigned saturating subtraction UQSUB8 1

Q setting saturating subtract QSUB 1

Q setting dual 16-bit saturating subtract QSUB16 1

Q setting quad 8-bit saturating subtract QSUB8 1

Dual 16-bit signed subtraction with halved results SHSUB16 1

Quad 8-bit signed subtraction with halved results SHSUB8 1

GE setting dual 16-bit signed subtraction SSUB16 1

GE setting quad 8-bit signed subtraction SSUB8 1

Dual 16-bit unsigned subtraction with halved results UHSUB16 1

Quad 8-bit unsigned subtraction with halved results UHSUB8 1

GE setting dual 16-bit unsigned subtract USUB16 1

GE setting quad 8-bit unsigned subtract USUB8 1

Parallel 
Addition and 
Subtraction

Dual 16-bit unsigned saturating addition and subtraction with exchange UQASX 1

Dual 16-bit unsigned saturating subtraction and addition with exchange UQSAX 1

GE setting dual 16-bit addition and subtraction with exchange SASX 1

Q setting dual 16-bit add and subtract with exchange QASX 1

Q setting dual 16-bit subtract and add with exchange QSAX 1

Dual 16-bit signed addition and subtraction with halved results SHASX 1

Dual 16-bit signed subtraction and addition with halved results SHSAX 1

GE setting dual 16-bit signed subtraction and addition with exchange SSAX 1

GE setting dual 16-bit unsigned addition and subtraction with exchange UASX 1

Dual 16-bit unsigned addition and subtraction with halved results and exchange UHASX 1

Dual 16-bit unsigned subtraction and addition with halved results and exchange UHSAX 1

GE setting dual 16-bit unsigned subtract and add with exchange USAX 1

Table 3-2 Cortex-M4 DSP instruction set summary (continued)

Operation Description Assembler Cycles
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• LDR PC,[any] is always a blocking operation. This means at least two cycles for the load, 
and three cycles for the pipeline reload. So this operation takes at least five cycles, or more 
if stalled on the load or the fetch.

• Any load or store that generates an address dependent on the result of a preceding data 
processing operation will stall the pipeline for an additional cycle whilst the register bank 
is updated. There is no forwarding path for this scenario.

• LDR Rx,[PC,#imm] might add a cycle because of contention with the fetch unit.

• TBB and TBH are also blocking operations. These are at least two cycles for the load, one 
cycle for the add, and three cycles for the pipeline reload. This means at least six cycles, 
or more if stalled on the load or the fetch.

• LDR [any] are pipelined when possible. This means that if the next instruction is an LDR or 
STR, and the destination of the first LDR is not used to compute the address for the next 
instruction, then one cycle is removed from the cost of the next instruction. So, an LDR 
might be followed by an STR, so that the STR writes out what the LDR loaded. More multiple 
LDRs can be pipelined together. Some optimized examples are:
— LDR R0,[R1]; LDR R1,[R2] - normally three cycles total
— LDR R0,[R1,R2]; STR R0,[R3,#20] - normally three cycles total
— LDR R0,[R1,R2]; STR R1,[R3,R2] - normally three cycles total
— LDR R0,[R1,R5]; LDR R1,[R2]; LDR R2,[R3,#4] - normally four cycles total.

• Other instructions cannot be pipelined after STR with register offset. STR can only be 
pipelined when it follows an LDR, but nothing can be pipelined after the store. Even a 
stalled STR normally only takes two cycles, because of the write buffer.

• LDREX and STREX can be pipelined exactly as LDR. Because STREX is treated more like an LDR, 
it can be pipelined as explained for LDR. Equally LDREX is treated exactly as an LDR and so 
can be pipelined.

• LDRD and STRD cannot be pipelined with preceding or following instructions. However, the 
two words are pipelined together. So, this operation requires three cycles when not stalled.

• LDM and STM cannot be pipelined with preceding or following instructions. However, all 
elements after the first are pipelined together. So, a three element LDM takes 2+1+1 or 5 
cycles when not stalled. Similarly, an eight element store takes nine cycles when not 
stalled. When interrupted, LDM and STM instructions continue from where they left off when 
returned to. The continue operation adds one or two cycles to the first element when 
started.

• Unaligned word or halfword loads or stores add penalty cycles. A byte aligned halfword 
load or store adds one extra cycle to perform the operation as two bytes. A halfword 
aligned word load or store adds one extra cycle to perform the operation as two halfwords. 
A byte-aligned word load or store adds two extra cycles to perform the operation as a byte, 
a halfword, and a byte. These numbers increase if the memory stalls. A STR or STRH cannot 
delay the processor because of the write buffer.

3.3.3 Binary compatibility with other Cortex processors

The processor implements a binary compatible subset of the instruction set and features 
provided by other Cortex-M profile processors. You can move software, including system level 
software, from the Cortex-M4 processor to other Cortex-M profile processors.
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To ensure a smooth transition, ARM recommends that code designed to operate on other 
Cortex-M profile processor architectures obey the following rules and configure the 
Configuration and Control Register (CCR) appropriately:

• use word transfers only to access registers in the NVIC and System Control Space (SCS). 

• treat all unused SCS registers and register fields on the processor as Do-Not-Modify. 

• configure the following fields in the CCR: 
— STKALIGN bit to 1 
— UNALIGN_TRP bit to 1 
— Leave all other bits in the CCR register as their original value.
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3.4 System address map
The processor contains a bus matrix that arbitrates the processor core and optional Debug 
Access Port (DAP) memory accesses to both the external memory system and to the internal 
System Control Space (SCS) and debug components.

Priority is always given to the processor to ensure that any debug accesses are as non-intrusive 
as possible. For a zero wait state system, all debug accesses to system memory, SCS, and debug 
resources are completely non-intrusive.

Figure 3-1 shows the system address map.

Figure 3-1 System address map

Table 3-3 shows the processor interfaces that are addressed by the different memory map 
regions.

System

External device

External RAM

Peripheral

SRAM

Code

0xFFFFFFFF

Private peripheral bus - External
0xE0100000

0xE0040000

0xA0000000

0x60000000

0x40000000

0x20000000

0x00000000

ROM Table

ETM
TPIU

Reserved
SCS

Reserved
FPB
DWT
ITM

External PPB
0xE0042000

0xE0041000

0xE0040000

0xE000F000

0xE000E000

0xE0003000

0xE0002000

0xE00FF000

0x40000000
Bit band region

Bit band alias32MB

1MB

31MB

0x40100000

0x42000000

0x44000000

0xE0001000

0xE0000000

Private peripheral bus - Internal

Bit band region

Bit band alias32MB

1MB

31MB

0x20000000

0x20100000

0x22000000

1.0GB

1.0GB

0.5GB

0.5GB

0.5GB

0xE0000000

0xE0100000

0xE0040000

0x24000000

Table 3-3 Memory regions

Memory Map Region 

Code Instruction fetches are performed over the ICode bus. Data accesses are performed over the 
DCode bus.

SRAM Instruction fetches and data accesses are performed over the system bus.

SRAM bit-band Alias region. Data accesses are aliases. Instruction accesses are not aliases.
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 3-14
ID070610 Non-Confidential



Programmers Model 
See the ARMv7-M Architecture Reference Manual for more information about the memory 
model.

3.4.1 Private peripheral bus

The internal Private Peripheral Bus (PPB) interface provides access to:

• the Instrumentation Trace Macrocell (ITM)

• the Data Watchpoint and Trace (DWT)

• the Flashpatch and Breakpoint (FPB)

• the System Control Space (SCS), including the Memory Protection Unit (MPU) and the 
Nested Vectored Interrupt Controller (NVIC).

The external PPB interface provides access to:
• the Trace Point Interface Unit (TPIU)
• the Embedded Trace Macrocell (ETM)
• the ROM table.
• implementation-specific areas of the PPB memory map.

3.4.2 Unaligned accesses that cross regions

The Cortex-M4 processor supports ARMv7 unaligned accesses, and performs all accesses as 
single, unaligned accesses. They are converted into two or more aligned accesses by the DCode 
and System bus interfaces.

Note
 All Cortex-M4 external accesses are aligned.

Unaligned support is only available for load/store singles (LDR, LDRH, STR, STRH). Load/store 
double already supports word aligned accesses, but does not permit other unaligned accesses, 
and generates a fault if this is attempted.

Peripheral Instruction fetches and data accesses are performed over the system bus.

Peripheral bit-band Alias region. Data accesses are aliases. Instruction accesses are not aliases.

External RAM Instruction fetches and data accesses are performed over the system bus.

External Device Instruction fetches and data accesses are performed over the system bus.

Private Peripheral Bus External and internal Private Peripheral Bus (PPB) interfaces. See Private peripheral bus.
This memory region is Execute Never (XN), and so instruction fetches are prohibited. An MPU, 
if present, cannot change this.

System System segment for vendor system peripherals. This memory region is XN, and so instruction 
fetches are prohibited. An MPU, if present, cannot change this.

Table 3-3 Memory regions (continued)

Memory Map Region 
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Unaligned accesses that cross memory map boundaries are architecturally Unpredictable. The 
processor behavior is boundary dependent, as follows:

• DCode accesses wrap within the region. For example, an unaligned halfword access to the 
last byte of Code space (0x1FFFFFFF) is converted by the DCode interface into a byte 
access to 0x1FFFFFFF followed by a byte access to 0x00000000.

• System accesses that cross into PPB space do not wrap within System space. For example, 
an unaligned halfword access to the last byte of System space (0xDFFFFFFF) is converted 
by the System interface into a byte access to 0xDFFFFFFF followed by a byte access to 
0xE0000000. 0xE0000000 is not a valid address on the System bus.

• System accesses that cross into Code space do not wrap within System space. For 
example, an unaligned halfword access to the last byte of System space (0xFFFFFFFF) is 
converted by the System interface into a byte access to 0xFFFFFFFF followed by a byte 
access to 0x00000000. 0x00000000 is not a valid address on the System bus.

• Unaligned accesses are not supported to PPB space, and so there are no boundary crossing 
cases for PPB accesses.

Unaligned accesses that cross into the bit-band alias regions are also architecturally 
Unpredictable. The processor performs the access to the bit-band alias address, but this does not 
result in a bit-band operation. For example, an unaligned halfword access to 0x21FFFFFF is 
performed as a byte access to 0x21FFFFFF followed by a byte access to 0x22000000 (the first byte 
of the bit-band alias).

Unaligned loads that match against a literal comparator in the FPB are not remapped. FPB only 
remaps aligned addresses.
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3.5 Write buffer
To prevent bus wait cycles from stalling the processor during data stores, buffered stores to the 
DCode and System buses go through a one-entry write buffer. If the write buffer is full, 
subsequent accesses to the bus stall until the write buffer has drained. The write buffer is only 
used if the bus waits the data phase of the buffered store, otherwise the transaction completes 
on the bus.

DMB and DSB instructions wait for the write buffer to drain before completing. If an interrupt 
comes in while DMB or DSB is waiting for the write buffer to drain, the processor returns to the 
instruction following the DMB or DSB after the interrupt completes. This is because interrupt 
processing acts as a memory barrier operation.
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3.6 Exclusive monitor
The Cortex-M4 processor implements a local exclusive monitor. For more information about 
semaphores and the local exclusive monitor see the ARMv7M ARM Architecture Reference 
Manual.

The local monitor within the processor has been constructed so that it does not hold any physical 
address, but instead treats any access as matching the address of the previous LDREX. This 
means that the implemented exclusives reservation granule is the entire memory address range.

The Cortex-M4 processor does not support exclusive accesses to bit-band regions. 
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3.7 Bit-banding
Bit-banding is an optional feature of the Cortex-M4 processor. Bit-banding maps a complete 
word of memory onto a single bit in the bit-band region. For example, writing to one of the alias 
words sets or clears the corresponding bit in the bit-band region. This enables every individual 
bit in the bit-banding region to be directly accessible from a word-aligned address using a single 
LDR instruction. It also enables individual bits to be toggled without performing a 
read-modify-write sequence of instructions.

The processor memory map includes two bit-band regions. These occupy the lowest 1MB of the 
SRAM and Peripheral memory regions respectively. These bit-band regions map each word in 
an alias region of memory to a bit in a bit-band region of memory.

The System bus interface contains logic that controls bit-band accesses as follows:

• It remaps bit-band alias addresses to the bit-band region.

• For reads, it extracts the requested bit from the read byte, and returns this in the Least 
Significant Bit (LSB) of the read data returned to the core.

• For writes, it converts the write to an atomic read-modify-write operation.

• The processor does not stall during bit-band operations unless it attempts to access the 
System bus while the bit-band operation is being carried out.

The memory map has two 32-MB alias regions that map to two 1-MB bit-band regions: 

• Accesses to the 32-MB SRAM alias region map to the 1-MB SRAM bit-band region.

• Accesses to the 32-MB peripheral alias region map to the 1-MB peripheral bit-band 
region.

A mapping formula shows how to reference each word in the alias region to a corresponding bit, 
or target bit, in the bit-band region. The mapping formula is:

bit_word_offset = (byte_offset x 32) + (bit_number × 4)

bit_word_addr = bit_band_base + bit_word_offset

where:

• bit_word_offset is the position of the target bit in the bit-band memory region.

• bit_word_addr is the address of the word in the alias memory region that maps to the 
targeted bit.

• bit_band_base is the starting address of the alias region.

• byte_offset is the number of the byte in the bit-band region that contains the targeted bit.

• bit_number is the bit position, 0 to 7, of the targeted bit.

Figure 3-2 on page 3-20 shows examples of bit-band mapping between the SRAM bit-band 
alias region and the SRAM bit-band region:

• The alias word at 0x23FFFFE0 maps to bit [0] of the bit-band byte at 0x200FFFFF: 0x23FFFFE0 
= 0x22000000 + (0xFFFFF*32) + 0*4.

• The alias word at 0x23FFFFFC maps to bit [7] of the bit-band byte at 0x200FFFFF: 0x23FFFFFC 
= 0x22000000 + (0xFFFFF*32) + 7*4.

• The alias word at 0x22000000 maps to bit [0] of the bit-band byte at 0x20000000: 0x22000000 
= 0x22000000 + (0*32) + 0*4.
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• The alias word at 0x2200001C maps to bit [7] of the bit-band byte at 0x20000000: 0x2200001C 
= 0x22000000 + (0*32) + 7*4.

Figure 3-2 Bit-band mapping

3.7.1 Directly accessing an alias region

Writing to a word in the alias region has the same effect as a read-modify-write operation on the 
targeted bit in the bit-band region.

Bit [0] of the value written to a word in the alias region determines the value written to the 
targeted bit in the bit-band region. Writing a value with bit [0] set writes a 1 to the bit-band bit, 
and writing a value with bit [0] cleared writes a 0 to the bit-band bit.

Bits [31:1] of the alias word have no effect on the bit-band bit. Writing 0x01 has the same effect 
as writing 0xFF. Writing 0x00 has the same effect as writing 0x0E.

Reading a word in the alias region returns either 0x01 or 0x00. A value of 0x01 indicates that the 
targeted bit in the bit-band region is set. A value of 0x00 indicates that the targeted bit is clear. 
Bits [31:1] are zero.

3.7.2 Directly accessing a bit-band region

You can directly access the bit-band region with normal reads and writes to that region.

0x23FFFFE4

0x22000004

0x23FFFFE00x23FFFFE80x23FFFFEC0x23FFFFF00x23FFFFF40x23FFFFF80x23FFFFFC

0x220000000x220000140x220000180x2200001C 0x220000080x22000010 0x2200000C

32MB alias region

0

7 0

07

0x200000000x200000010x200000020x20000003

6 5 4 3 2 1 07 6 5 4 3 2 1 7 6 5 4 3 2 1 07 6 5 4 3 2 1

07 6 5 4 3 2 1 6 5 4 3 2 107 6 5 4 3 2 1 07 6 5 4 3 2 1

0x200FFFFC0x200FFFFD0x200FFFFE0x200FFFFF

1MB SRAM bit-band region
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3.8 Processor core register summary
The processor has the following 32-bit registers:
• 13 general-purpose registers, R0-R12
• Stack Pointer (SP), R13 alias of banked registers, SP_process and SP_main
• Link Register (LR), R14
• Program Counter (PC), R15
• Special-purpose Program Status Registers, (xPSR).

Figure 3-3 shows the processor register set.

Figure 3-3 Processor register set

The general-purpose registers R0-R12 have no special architecturally-defined uses. Most 
instructions that can specify a general-purpose register can specify R0-R12. 

Low registers Registers R0-R7 are accessible by all instructions that specify a 
general-purpose register. 

High registers Registers R8-R12 are accessible by all 32-bit instructions that specify a 
general-purpose register. 
Registers R8-R12 are not accessible by any 16-bit instructions. 

Registers R13, R14, and R15 have the following special functions:

Stack pointer Register R13 is used as the Stack Pointer (SP). Because the SP ignores 
writes to bits [1:0], it is autoaligned to a word, four-byte boundary.
Handler mode always uses SP_main, but you can configure Thread mode 
to use either SP_main or SP_process.

Link register Register R14 is the subroutine Link Register (LR).
The LR receives the return address from PC when a Branch and Link (BL) 
or Branch and Link with Exchange (BLX) instruction is executed.
The LR is also used for exception return.
At all other times, you can treat R14 as a general-purpose register. 

Program counter Register R15 is the Program Counter (PC).

Program Status Register

R13 (SP)
R14 (LR)
R15 (PC)

R5
R6
R7

R0
R1

R3
R4

R2

R10
R11
R12

R8
R9

low registers

high registers

SP_mainSP_process

xPSR
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Bit [0] is always 0, so instructions are always aligned to word or halfword 
boundaries.

See the ARMv7-M Architecture Reference Manual for more information.
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3.9 Exceptions
The processor and the Nested Vectored Interrupt Controller (NVIC) prioritize and handle all 
exceptions. When handling exceptions:

• All exceptions are handled in Handler mode. 

• Processor state is automatically stored to the stack on an exception, and automatically 
restored from the stack at the end of the Interrupt Service Routine (ISR). 

• The vector is fetched in parallel to the state saving, enabling efficient interrupt entry. 

The processor supports tail-chaining that enables back-to-back interrupts without the overhead 
of state saving and restoration.

You configure the number of interrupts, and bits of interrupt priority, during implementation. 
Software can choose only to enable a subset of the configured number of interrupts, and can 
choose how many bits of the configured priorities to use.

Note
 Vector table entries are compatible with interworking between ARM and Thumb instructions. 
This causes bit [0] of the vector value to load into the Execution Program Status Register 
(EPSR) T-bit on exception entry. All populated vectors in the vector table entries must have bit 
[0] set. Creating a table entry with bit [0] clear generates an INVSTATE fault on the first 
instruction of the handler corresponding to this vector.

3.9.1 Exception handling

The processor implements advanced exception and interrupt handling, as described in the 
ARMv7-M Architecture Reference Manual.

To reduce interrupt latency, the processor implements both interrupt late-arrival and interrupt 
tail-chaining mechanisms, as defined by the ARMv7-M architecture:

• There is a maximum of a twelve cycle latency from asserting the interrupt to execution of 
the first instruction of the ISR when the memory being accessed has no wait states being 
applied. The first instruction to be executed is fetched in parallel to the stack push. 

• Returns from interrupts similarly take twelve cycles where the instruction being returned 
to is fetched in parallel to the stack pop. 

• Tail chaining requires six cycles when using zero wait state memory. No stack pushes or 
pops are performed and only the instruction for the next ISR is fetched.

The processor exception model has the following implementation-defined behavior in addition 
to the architecturally defined behavior:
• exceptions on stacking from HardFault to NMI lockup at NMI priority
• exceptions on unstacking from NMI to HardFault lockup at HardFault priority.

To minimize interrupt latency, the processor abandons any divide instruction to take any 
pending interrupt. On return from the interrupt handler, the processor restarts the divide 
instruction from the beginning The processor implements the Interruptible-continuable 
Instruction field. Load multiple (LDM) operations and store multiple (STM) operations are 
interruptible. The EPSR holds the information required to continue the load or store multiple 
from the point where the interrupt occurred.
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 3-23
ID070610 Non-Confidential



Programmers Model 
This means that software must not use load-multiple or store-multiple instructions to access a 
device or access a memory region that is read-sensitive or sensitive to repeated writes. The 
software must not use these instructions in any case where repeated reads or writes might cause 
inconsistent results or unwanted side-effects.

Base register update in LDM and STM operations

There are cases when an LDM or STM updates the base register:

• When the instruction specifies base register write-back, the base register changes to the 
updated address. An abort restores the original base value.

• When the base register is in the register list of an LDM, and is not the last register in the list, 
the base register changes to the loaded value.

An LDM or STM is restarted rather than continued if:
• the instruction faults
• the instruction is inside an IT.

If an LDM has completed a base load, it is continued from before the base load.
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System Control

This chapter describes the registers that program the processor. It contains the following sections:
• About system control on page 4-2
• Register summary on page 4-3
• Register descriptions on page 4-5.
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4.1 About system control
This chapter describes the registers that control the operation of the processor.
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4.2 Register summary
Table 4-1 shows the system control registers. Registers not described in this chapter are 
described in the ARMv7-M Architecture Reference Manual

Table 4-1 System control registers

Address Name Type Reset Description

0xE000E008 ACTLR RW 0x00000000 Auxiliary Control Register, ACTLR on page 4-5

0xE000E010 STCSR RW 0x00000000 SysTick Control and Status Register

0xE000E014 STRVR RW Unknown SysTick Reload Value Register

0xE000E018 STCVR RW clear Unknown SysTick Current Value Register 

0xE000E01C STCR RO STCALIB SysTick Calibration Value Register 

0xE000ED00 CPUID RO 0x410FC241 CPUID Base Register, CPUID on page 4-5

0xE000ED04 ICSR RW or RO 0x00000000 Interrupt Control and State Register

0xE000ED08 VTOR RW 0x00000000 Vector Table Offset Register

0xE000ED0C AIRCR RW 0x00000000a Application Interrupt and Reset Control Register

0xE000ED10 SCR RW 0x00000000 System Control Register

0xE000ED14 CCR RW 0x00000200 Configuration and Control Register.

0xE000ED18 SHPR1 RW 0x00000000 System Handler Priority Register 1

0xE000ED1C SHPR2 RW 0x00000000 System Handler Priority Register 2

0xE000ED20 SHPR3 RW 0x00000000 System Handler Priority Register 3

0xE000ED24 SHCSR RW 0x00000000 System Handler Control and State Register

0xE000ED28 CFSR RW 0x00000000 Configurable Fault Status Registers

0xE000ED2C HFSR RW 0x00000000 HardFault Status Register

0xE000ED30 DFSR RW 0x00000000 Debug Fault Status Register

0xE000ED34 MMFAR RW Unknown MemManage Fault Address Registerb

0xE000ED38 BFAR RW Unknown BusFault Address Registerb

0xE000ED3C AFSR RW 0x00000000 Auxiliary Fault Status Register, AFSR on page 4-6

0xE000ED40 ID_PFR0 RO 0x00000030 Processor Feature Register 0

0xE000ED44 ID_PFR1 RO 0x00000200 Processor Feature Register 1

0xE000ED48 ID_DFR0 RO 0x00100000 Debug Features Register 0c

0xE000ED4C ID_AFR0 RO 0x00000000 Auxiliary Features Register 0

0xE000ED50 ID_MMFR0 RO 0x00100030 Memory Model Feature Register 0

0xE000ED54 ID_ MMFR1 RO 0x00000000 Memory Model Feature Register 1

0xE000ED58 ID_MMFR2 RO 0x01000000 Memory Model Feature Register 2

0xE000ED5C ID_MMFR3 RO 0x00000000 Memory Model Feature Register 3

0xE000ED60 ID_ISAR0 RO 0x01141110 Instruction Set Attributes Register 0
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0xE000ED64 ID_ISAR1 RO 0x02112000 Instruction Set Attributes Register 1

0xE000ED68 ID_ISAR2 RO 0x21232231 Instruction Set Attributes Register 2

0xE000ED6C ID_ISAR3 RO 0x01111131 Instruction Set Attributes Register 3

0xE000ED70 ID_ISAR4 RO 0x01310132 Instruction Set Attributes Register 4

0xE000ED88 CPACR RW - Coprocessor Access Control Register

0xE000EF00 STIR WO 0x00000000 Software Triggered Interrupt Register

a. Bits [10:8] are reset to zero. The ENDIANNESS bit, bit [15], can reset to either state, depending on the 
implementation.

b. BFAR and MMFAR are the same physical register. Because of this, the BFARVALID and MMFARVALID bits are 
mutually exclusive.

c. ID_DFR0 will read as 0 if no debug support is implemented.

Table 4-1 System control registers (continued)

Address Name Type Reset Description
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 4-4
ID070610 Non-Confidential



System Control 
4.3 Register descriptions
This section describes the system control registers whose implementation is specific to this 
processor.

4.3.1 Auxiliary Control Register, ACTLR

The ACTLR characteristics are:

Purpose Disables certain aspects of functionality within the processor.

Usage Constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See the register summary in Table 4-1 on page 4-3.

Figure 4-1 shows the ACTLR bit assignments.

Figure 4-1 ACTLR bit assignments

Table 4-2 shows the ACTLR bit assignments.

4.3.2 CPUID Base Register, CPUID

The CPUID characteristics are:

Purpose Specifies:
• the ID number of the processor core

ReservedReserved

31 3 2 1 0

DISFOLD
DISDEFWBUF
DISMCYCINT

10 9 8 7

DISFPCA
DISOOFP

Table 4-2 ACTLR bit assignments

Bits Name Function

[31:10] - Reserved

[9] DISOOFP Disables floating point instructions completing out of order with respect to integer 
instructions.

[8] DISFPCA Disable automatic update of CONTROL.FPCA. See Exceptions on page 7-8 for more
information.

[7:3] - Reserved

[2] DISFOLD Disables folding of IT instructions.

[1] DISDEFWBUF Disables write buffer use during default memory map accesses. This causes all bus faults to 
be precise, but decreases the performance of the processor because stores to memory must 
complete before the next instruction can be executed.

[0] DISMCYCINT Disables interruption of multi-cycle instructions. This increases the interrupt latency of the 
processor because load/store and multiply/divide operations complete before interrupt 
stacking occurs.
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 4-5
ID070610 Non-Confidential



System Control 
• the version number of the processor core
• the implementation details of the processor core.

Usage Constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See the register summary in Table 4-1 on page 4-3.

Figure 4-2 shows the CPUID bit assignments.

Figure 4-2 CPUID bit assignments

Table 4-3 shows the CPUID bit assignments. 

4.3.3 Auxiliary Fault Status Register, AFSR

The AFSR characteristics are:

Purpose Specifies additional system fault information to software.

Usage Constraints The AFSR flags map directly onto the AUXFAULT inputs of the 
processor, and a single-cycle high level on an external pin causes the 
corresponding AFSR bit to become latched as one. The bit can only be 
cleared by writing a one to the corresponding AFSR bit.
When an AFSR bit is written or latched as one, an exception does not 
occur. To make use of AUXFAULT input signals, software must poll the 
AFSR.

Configurations This register is available in all processor configurations.

Attributes See the register summary in Table 4-1 on page 4-3.

Figure 4-3 shows the AFSR bit assignments.

Figure 4-3 AFSR bit assignments

31 16 15 4 3 0

IMPLEMENTER REVISIONPARTNO

24 23 20 19

VARIANT (Constant)

Table 4-3 CPUID bit assignments

Bits NAME Function

[31:24] IMPLEMENTER Indicates implementer: 0x41 = ARM

[23:20] VARIANT Indicates processor revision: 0x0 = Revision 0

[19:16] (Constant) Reads as 0xF

[15:4] PARTNO Indicates part number: 0xC24 = Cortex-M4

[3:0] REVISION Indicates patch release: 0x1= Patch 1.

AUXFAULT

31 0
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Table 4-4 shows the AFSR bit assignments.

Table 4-4 AFSR bit assignments

Bits Name Function

[31:0] AUXFAULT Latched version of the AUXFAULT inputs.
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Chapter 5 
Memory Protection Unit

This chapter describes the processor Memory Protection Unit (MPU). It contains the following 
sections:
• About the MPU on page 5-2
• MPU functional description on page 5-3
• MPU programmers model on page 5-4.
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5.1 About the MPU
The MPU is an optional component for memory protection. The processor supports the standard 
ARMv7 Protected Memory System Architecture model. The MPU provides full support for:
• protection regions
• overlapping protection regions, with ascending region priority:

— 7 = highest priority
— 0 = lowest priority.

• access permissions
• exporting memory attributes to the system.

MPU mismatches and permission violations invoke the programmable-priority MemManage 
fault handler. See the ARMv7-M Architecture Reference Manual for more information.

You can use the MPU to:
• enforce privilege rules
• separate processes
• enforce access rules.
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5.2 MPU functional description
The access permission bits, TEX, C, B, AP, and XN, of the Region Access Control Register 
control access to the corresponding memory region. If an access is made to an area of memory 
without the required permissions, a permission fault is raised. For more information, see the 
ARMv7-M Architecture Reference Manual.
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5.3 MPU programmers model
Table 5-5 shows the MPU registers. These registers are described in the ARMv7-M Architecture 
Reference Manual.

Table 5-1 MPU registers

Address Name Type Reset Description

0xE000ED90 MPU_TYPE RO 0x00000800 MPU Type Register

0xE000ED94 MPU_CTRL RW 0x00000000 MPU Control Register

0xE000ED98 MPU_RNR RW 0x00000000 MPU Region Number Register

0xE000ED9C MPU_RBAR RW 0x00000000 MPU Region Base Address Register

0xE000EDA0 MPU_RASR RW 0x00000000 MPU Region Attribute and Size Register

0xE000EDA4 MPU_RBAR_A1 0x00000000 MPU alias registers

0xE000EDA8 MPU_RASR_A1 0x00000000

0xE000EDAC MPU_RBAR_A2 0x00000000

0xE000EDB0 MPU_RASR_A2 0x00000000

0xE000EDB4 MPU_RBAR_A3 0x00000000

0xE000EDB8 MPU_RASR_A3 0x00000000
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Chapter 6 
Nested Vectored Interrupt Controller 

This chapter describes the Nested Vectored Interrupt Controller (NVIC). It contains the following 
sections:
• About the NVIC on page 6-2
• NVIC functional description on page 6-3
• NVIC programmers model on page 6-4.
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6.1 About the NVIC
The NVIC provides configurable interrupt handling abilities to the processor. It: 
• facilitates low-latency exception and interrupt handling
• controls power management.
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6.2 NVIC functional description
The NVIC supports up to 240 interrupts each with up to 256 levels of priority. You can change 
the priority of an interrupt dynamically. The NVIC and the processor core interface are closely 
coupled, to enable low latency interrupt processing and efficient processing of late arriving 
interrupts. The NVIC maintains knowledge of the stacked, or nested, interrupts to enable 
tail-chaining of interrupts.

You can only fully access the NVIC from privileged mode, but you can cause interrupts to enter 
a pending state in user mode if you enable the Configuration and Control Register. Any other 
user mode access causes a bus fault.

You can access all NVIC registers using byte, halfword, and word accesses unless otherwise 
stated. NVIC registers are located within the SCS.

All NVIC registers and system debug registers are little-endian regardless of the endianness 
state of the processor.

Processor exception handling is described in Exceptions on page 3-23.

6.2.1 Low power modes

Your implementation can include a Wake-up Interrupt Controller (WIC). This enables the 
processor and NVIC to be put into a very low-power sleep mode leaving the WIC to identify 
and prioritize interrupts.

The processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the Send 
Event (SEV) instructions. In addition, the processor also supports the use of SLEEPONEXIT, that 
causes the processor core to enter sleep mode when it returns from an exception handler to 
Thread mode. See the ARMv7-M Architecture Reference Manual for more information.

6.2.2 Level versus pulse interrupts

The processor supports both level and pulse interrupts. A level interrupt is held asserted until it 
is cleared by the ISR accessing the device. A pulse interrupt is a variant of an edge model. You 
must ensure that the pulse is sampled on the rising edge of the Cortex-M4 clock, FCLK, instead 
of being asynchronous.

For level interrupts, if the signal is not deasserted before the return from the interrupt routine, 
the interrupt again enters the pending state and re-activates. This is particularly useful for FIFO 
and buffer-based devices because it ensures that they drain either by a single ISR or by repeated 
invocations, with no extra work. This means that the device holds the signal in assert until the 
device is empty.

A pulse interrupt can be reasserted during the ISR so that the interrupt can be in the pending 
state and active at the same time. If another pulse arrives while the interrupt is still pending, the 
interrupt will remain pending and the ISR will only run once.

Pulse interrupts are mostly used for external signals and for rate or repeat signals.
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6.3 NVIC programmers model
Table 6-1 shows the NVIC registers. 

The following sections describe the NVIC registers whose implementation is specific to this 
processor. Other registers are described in the ARMv7M Architecture Reference Manual.

6.3.1 Interrupt Controller Type Register, ICTR

The ICTR characteristics are:

Purpose Shows the number of interrupt lines that the NVIC supports.

Usage Constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See the register summary in Table 6-1.

Figure 6-1 shows the ICTR bit assignments.

Figure 6-1 ICTR bit assignments

Table 6-1 NVIC registers

Address Name Type Reset Description

0xE000E004 ICTR RO - Interrupt Controller Type Register, ICTR

0xE000E100 - 

0xE000E11C

NVIC_ISER0 - 
NVIC_ISER7

RW 0x00000000 Interrupt Set-Enable Registers

0xE000E180 - 

0E000xE19C

NVIC_ICER0 - 
NVIC_ICER7

RW 0x00000000 Interrupt Clear-Enable Registers

0xE000E200 - 

0xE000E21C

NVIC_ISPR0 - 
NVIC_ISPR7

RW 0x00000000 Interrupt Set-Pending Registers

0xE000E280 - 

0xE000E29C

NVIC_ICPR0 - 
NVIC_ICPR7

RW 0x00000000 Interrupt Clear-Pending Registers

0xE000E300 - 

0xE000E31C

NVIC_IABR0 - 
NVIC_IABR7

RO 0x00000000 Interrupt Active Bit Register

0xE000E400 - 
0xE000E4EC

NVIC_IPR0 - 
NVIC_IPR59

RW 0x00000000 Interrupt Priority Register

Reserved

31 4 3 0

INTLINESNUM
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Table 6-2 shows the ICTR bit assignments. 

Table 6-2 ICTR bit assignments

Bits Name Function 

[31:4] - Reserved.

[3:0] INTLINESNUM Total number of interrupt lines in groups of 32:
b0000 = 0...32
b0001 = 33...64
b0010 = 65...96
b0011 = 97...128
b0100 = 129...160
b0101 = 161...192
b0110 = 193...224
b0111 = 225...256a

a. The processor supports a maximum of 240 external interrupts.
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Chapter 7 
Floating Point Unit

This chapter describes the programmers model of the Floating Point Unit (FPU). It contains the 
following sections:
• About the FPU on page 7-2
• FPU Functional Description on page 7-3
• FPU Programmers Model on page 7-9.

The Cortex-M4F processor is a Cortex-M4 processor that includes the optional FPU. In this 
chapter, the generic term processor means only the Cortex-M4F processor.
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7.1 About the FPU
The Cortex-M4 FPU is an implementation of the single precision variant of the ARMv7-M 
Floating-Point Extension (FPv4-SP). It provides floating-point computation functionality that 
is compliant with the ANSI/IEEE Std 754-2008, IEEE Standard for Binary Floating-Point 
Arithmetic, referred to as the IEEE 754 standard. The FPU supports all single-precision 
data-processing instructions and data types described in the ARM Architecture Reference 
Manual.
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7.2 FPU Functional Description
The FPU fully supports single-precision add, subtract, multiply, divide, multiply and 
accumulate, and square root operations. It also provides conversions between fixed-point and 
floating-point data formats, and floating-point constant instructions.

The FPU functional description includes the following topics:
• FPU views of the register bank
• Modes of operation
• FPU instruction set on page 7-4
• Compliance with the IEEE 754 standard on page 7-6
• Complete implementation of the IEEE 754 standard on page 7-6
• IEEE 754 standard implementation choices on page 7-6
• Exceptions on page 7-8
• Enabling the FPU on page 7-9.

7.2.1 FPU views of the register bank

The FPU provides an extension register file containing 32 single-precision registers. These can 
be viewed as:
• sixteen 64-bit doubleword registers, D0-D15
• thirty-two 32-bit single-word registers, S0-S31
• a combination of registers from the above views:

Figure 7-1 FPU register bank

The mapping between the registers is as follows:
• S<2n> maps to the least significant half of D<n>
• S<2n+1> maps to the most significant half of D<n>.

For example, you can access the least significant half of the value in D6 by accessing S12, and 
the most significant half of the elements by accessing S13.

7.2.2 Modes of operation

The FPU provides three modes of operation to accommodate a variety of applications:
• Full-compliance mode on page 7-4
• Flush-to-zero mode on page 7-4
• Default NaN mode on page 7-4.

...

D0

D1

D2

D3

D14

D15

S0
S1
S2
S3
S4
S5
S6
S7

S28
S29
S30
S31

...
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Full-compliance mode

In full-compliance mode, the FPU processes all operations according to the IEEE 754 standard 
in hardware.

Flush-to-zero mode

Setting the FZ bit of the Floating -point Staus and Control Register FPSCR[24], enables 
flush-to-zero mode. In this mode, the FPU treats all subnormal input operands of arithmetic CDP 
operations as zeros in the operation. Exceptions that result from a zero operand are signaled 
appropriately. VABS, VNEG, and VMOV are not considered arithmetic CDP operations and are not 
affected by flush-to-zero mode. A result that is tiny, as described in the IEEE 754 standard, 
where the destination precision is smaller in magnitude than the minimum normal value before 
rounding, is replaced with a zero. The IDC flag, FPSCR[7], indicates when an input flush 
occurs. The UFC flag, FPSCR[3], indicates when a result flush occurs. 

Default NaN mode

Setting the DN bit, FPSCR[25], enables default NaN mode. In this mode, the result of any 
arithmetic data processing operation that involves an input NaN, or that generates a NaN result, 
returns the default NaN. Propagation of the fraction bits is maintained only by VABS, VNEG, and 
VMOV operations. All other CDP operations ignore any information in the fraction bits of an input 
NaN.

7.2.3 FPU instruction set

Table 7-1 shows the instruction set of the FPU.

Table 7-1 FPU instruction set

Operation Description Assembler Cycles

Absolute value of float VABS.F32 1

Addition floating point VADD.F32 1

Compare float with register or zero VCMP.F32 1

float with register or zero VCMPE.F32 1

Convert between integer, fixed-point, half-precision and float VCVT.F32 1

Divide Floating-point VDIV.F32 14

Load multiple doubles VLDM.64 1+2*N, where N is the 
number of doubles.

multiple floats VLDM.32 1+N, where N is the 
number of floats.

single double VLDR.64 3

single float VLDR.32 2
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Move top/bottom half of double to/from core register VMOV 1

immediate/float to float-register VMOV 1

two floats/one double to/from two core registers or one 
float to/from one core register

VMOV 2

floating-point control/status to core register VMRS 1

core register to floating-point control/status VMSR 1

Multiply float VMUL.F32 1

then accumulate float VMLA.F32 3

then subtract float VMLS.F32 3

then accumulate then negate float VNMLA.F32 3

then subtract then negate float VNMLS.F32 3

Multiply 
(fused)

then accumulate float VFMA.F32 3

then subtract float VFMS.F32 3

then accumulate then negate float VFNMA.F32 3

then subtract then negate float VFNMS.F32 3

Negate float VNEG.F32 1

and multiply float VNMUL.F32 1

Pop double registers from stack VPOP.64 1+2*N, where N is the 
number of double 
registers.

float registers from stack VPOP.32 1+N where N is the 
number of registers.

Push double registers to stack VPUSH.64 1+2*N, where N is the 
number of double 
registers.

float registers to stack VPUSH.32 1+N, where N is the 
number of registers.

Square-root of float VSQRT.F32 14

Store multiple double registers VSTM.64 1+2*N, where N is the 
number of doubles.

multiple float registers VSTM.32 1+N, where N is the 
number of floats.

single double register VSTR.64 3

single float registers VSTR.32 2

Subtract float VSUB.F32 1

Table 7-1 FPU instruction set (continued)

Operation Description Assembler Cycles
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Note
 • Integer-only instructions following VDIVR or VSQRT instructions complete out-of-order. 

VDIV and VSQRT instructions take one cycle if no further floating-point instructions are 
executed.

• Floating-point arithmetic data processing instructions, such as add, subtract, multiply, 
divide, square-root, all forms of multiply with accumulate, as well as conversions of all 
types take one cycle longer if their result is consumed by the following instruction.

• Both fused and chained multiply with accumulate instructions consume their addend one 
cycle later, so the result of an arithmetic instruction that is followed by a multiply with 
accumulate instruction is consumed as the addend of the MAC instruction.

7.2.4 Compliance with the IEEE 754 standard

When Default NaN (DN) and Flush-to-Zero (FZ) modes are disabled, FPv4 functionality is 
compliant with the IEEE 754 standard in hardware. No support code is required to achieve this 
compliance.

See the ARM Architecture Reference Manual for information about FP architecture compliance 
with the IEEE 754 standard.

7.2.5 Complete implementation of the IEEE 754 standard

The Cortex-M4F floating point instruction set does not support all operations defined in the 
IEEE 754-2008 standard. Unsupported operations include, but are not limited to the following:
• remainder
• round floating-point number to integer-valued floating-point number
• binary-to-decimal conversions
• decimal-to-binary conversions
• direct comparison of single-precision and double-precision values. 

The Cortex-M4 FPU supports fused MAC operations as described in the IEEE standard. For 
complete implementation of the IEEE 754-2008 standard, floating-point functionality must be 
augmented with library functions.

7.2.6 IEEE 754 standard implementation choices

Some of the implementation choices permitted by the IEEE 754-2008 standard and used in the 
FPv4 architecture are described in the ARM Architecture Reference Manual. 

NaN handling

All single-precision values with the maximum exponent field value and a nonzero fraction field 
are valid NaNs. A most significant fraction bit of zero indicates a Signaling NaN (SNaN). A one 
indicates a Quiet NaN (QNaN). Two NaN values are treated as different NaNs if they differ in 
any bit. Table 7-2 shows the default NaN values.

Table 7-2 Default NaN values

Sign Fraction Fraction

0 00xFF bit [22] = 1, bits [21:0] are all zeros
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Processing of input NaNs for ARM floating-point functionality and libraries is defined as 
follows:

• In full-compliance mode, NaNs are handled as described in the ARM Architecture 
Reference Manual. The hardware processes the NaNs directly for arithmetic CDP 
instructions. For data transfer operations, NaNs are transferred without raising the Invalid 
Operation exception. For the non-arithmetic CDP instructions, VABS, VNEG, and VMOV, NaNs 
are copied, with a change of sign if specified in the instructions, without causing the 
Invalid Operation exception. 

• In default NaN mode, arithmetic CDP instructions involving NaN operands return the 
default NaN regardless of the fractions of any NaN operands. SNaNs in an arithmetic CDP 
operation set the IOC flag, FPSCR[0]. NaN handling by data transfer and non-arithmetic 
CDP instructions is the same as in full-compliance mode.

Table 7-3 summarizes the effects of NaN operands on instruction execution.

Comparisons

Comparison results modify the flags in the FPSCR. You can use the MVRS APSR_nzcv instruction 
(formerly FMSTAT) to transfer the current flags from the FPSCR to the APSR. See the ARM 
Architecture Reference Manual for mapping of IEEE 754-2008 standard predicates to ARM 
conditions. The flags used are chosen so that subsequent conditional execution of ARM 
instructions can test the predicates defined in the IEEE standard.

Underflow

The Cortex-M4F FPU uses the before rounding form of tininess and the inexact result form of 
loss of accuracy as described in the IEEE 754-2008 standard to generate Underflow exceptions.

In flush-to-zero mode, results that are tiny before rounding, as described in the IEEE standard, 
are flushed to a zero, and the UFC flag, FPSCR[3], is set. See the ARM Architecture Reference 
Manual for information on flush-to-zero mode.

Table 7-3 QNaN and SNaN handling

Instruction 
type

Default 
NaN mode With QNaN operand With SNaN operand

Arithmetic CDP

Off The QNaN or one of the QNaN operands, if 
there is more than one, is returned 
according to the rules given in the ARM 
Architecture Reference Manual.

IOCa set. The SNaN is quieted and the 
result NaN is determined by the rules 
given in the ARM Architecture 
Reference Manual.

On Default NaN returns. IOCa set. Default NaN returns.

Non-arithmetic 
CDP

Off
NaN passes to destination with sign changed as appropriate.

On

FCMP(Z) - Unordered compare. IOC set. Unordered compare.

FCMPE(Z) - IOC set. Unordered compare. IOC set. Unordered compare.

Load/store
Off

All NaNs transferred.
On

a. IOC is the Invalid Operation exception flag, FPSCR[0].
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When the FPU is not in flush-to-zero mode, operations are performed on subnormal operands. 
If the operation does not produce a tiny result, it returns the computed result, and the UFC flag, 
FPSCR[3], is not set. The IXC flag, FPSCR[4], is set if the operation is inexact. If the operation 
produces a tiny result, the result is a subnormal or zero value, and the UFC flag, FPSCR[3], is 
set if the result was also inexact.

7.2.7 Exceptions

The FPU sets the cumulative exception status flag in the FPSCR register as required for each 
instruction, in accordance with the FPv4 architecture. The FPU does not support user-mode 
traps. The exception enable bits in the FPSCR read-as-zero, and writes are ignored. The 
processor also has six output pins, FPIXC, FPUFC, FPOFC, FPDZC, FPIDC, and FPIOC, 
that each reflect the status of one of the cumulative exception flags. See the Cortex-M4 
Integration and Implementation Manual for a description of these outputs.

The processor can reduce the exception latency by using lazy stacking. See Auxiliary Control 
Register, ACTLR on page 4-5. This means that the processor reserves space on the stack for the 
FP state, but does not save that state information to the stack. See the ARMv7-M Architecture 
Reference Manual for more information.
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7.3 FPU Programmers Model
Table 7-4 shows the FP system registers in the Cortex-M4F FPU. 

All Cortex-M4F FPU registers are described in the ARMv7-M Architecture Reference Manual.

7.3.1 Enabling the FPU

Example 7-1 shows an example code sequence for enabling the FPU in both privileged and user 
modes. The processor must be in privileged mode to read from and write to the CPACR.

Example 7-1  Enabling the FPU

; CPACR is located at address 0xE000ED88
LDR.W R0, =0xE000ED88
; Read CPACR
LDR R1, [R0]
; Set bits 20-23 to enable CP10 and CP11 coprocessors
ORR R1, R1, #(0xF << 20)
; Write back the modified value to the CPACR
STR R1, [R0]

Table 7-4 Cortex-M4F Floating Point system registers

Address Name Type Reset Description

0xE000EF34 FPCCR RW 0xC0000000 FP Context Control Register

0xE000EF38 FPCAR RW - FP Context Address Register

0xE000EF3C FPDSCR RW 0x00000000 FP Default Status Control Register

0xE000EF40 MVFR0 RO 0x10110021 Media and VFP Feature Register 0, MVFR0

0xE000EF44 MVFR1 RO 0x11000011 Media and VFP Feature Register 1, MVFR1
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Chapter 8 
Debug

This chapter describes how to debug and test software running on the processor. It contains the 
following sections:
• About debug on page 8-2
• About the AHB-AP on page 8-6
• About the Flash Patch and Breakpoint Unit (FPB) on page 8-9.
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8.1 About debug
The processor implementation determines the debug configuration, including whether debug is 
implemented. If the processor does not implement debug, no ROM table is present and the halt, 
breakpoint, and watchpoint functionality is not present.

Basic debug functionality includes processor halt, single-step, processor core register access, 
Vector Catch, unlimited software breakpoints, and full system memory access. See the 
ARMv7-M Architectural Reference Manual for more information.

The debug option might include:
• a breakpoint unit supporting two literal comparators and six instruction comparators, or 

only two instruction comparators
• a watchpoint unit supporting one or four watchpoints.

For processors that implement debug, ARM recommends that a debugger identify and connect 
to the debug components using the CoreSight debug infrastructure.

Figure 8-1 shows the recommended flow that a debugger can follow to discover the components 
in the CoreSight debug infrastructure. In this case a debugger reads the peripheral and 
component ID registers for each CoreSight component in the CoreSight system.

Figure 8-1 CoreSight discovery

To identify the Cortex-M4 processor within the CoreSight system, ARM recommends that a 
debugger perform the following actions:

1. Locate and identify the Cortex-M4 ROM table using its CoreSight identification. See 
Table 8-1 on page 8-3 for more information. 

CoreSight debug port

Cortex-M4 ROM table

CoreSight ID

Pointers

CoreSight access port

Base pointer

System control space

CoreSight ID

Cortex-M4 CPUID

Debug control

‡ Data watchpoint unit

CoreSight ID

Watchpoint control

‡ Optional component

Redirection from the
 ‡ System ROM table, if implemented

‡ Breakpoint unit

CoreSight ID

Breakpoint control
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2. Follow the pointers in that Cortex-M4 ROM table:
a. System Control Space (SCS)
b. Breakpoint unit (BPU)
c. Data watchpoint unit (DWT).
See Table 8-2 on page 8-4 for more information.

When a debugger identifies the SCS from its CoreSight identification, it can identify the 
processor and its revision number from the CPUID register in the SCS at address 0xE000ED00.

A debugger cannot rely on the Cortex-M4 ROM table being the first ROM table encountered. 
One or more system ROM tables are required between the access port and the Cortex-M4 ROM 
table if other CoreSight components are in the system. If a system ROM table is present, this 
can include a unique identifier for the implementation.

8.1.1 Cortex-M4 ROM table identification and entries 

Table 8-1 shows the ROM table identification registers and values for debugger detection. This 
permits debuggers to identify the processor and its debug capabilities. 

These values for the Peripheral ID registers identify this as a generic ROM table for the 
Cortex-M4 processor. Your implementation might use these registers to identify the 
manufacturer and part number for the device.

The Component ID registers identify this as a CoreSight ROM table.

Note
 The Cortex-M4 ROM table only supports word size transactions.

Table 8-1 Cortex-M4 ROM table identification values

Address Register Value Description

0xE00FFFD0 Peripheral ID4 0x00000004 Component and Peripheral ID register formats in the 
ARMv7-M Architectural Reference Manual

0xE00FFFD4 Peripheral ID5 0x00000000

0xE00FFFD8 Peripheral ID6 0x00000000

0xE00FFFDC Peripheral ID7 0x00000000

0xE00FFFE0 Peripheral ID0 0x000000C4

0xE00FFFE4 Peripheral ID1 0x000000B4

0xE00FFFE8 Peripheral ID2 0x0000000B

0xE00FFFEC Peripheral ID3 0x00000000

0xE00FFFF0 Component ID0 0x0000000D

0xE00FFFF4 Component ID1 0x00000010

0xE00FFFF8 Component ID2 0x00000005

0xE00FFFFC Component ID3 0x000000B1
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Table 8-2 shows the CoreSight components that the Cortex-M4 ROM table points to. The values 
depend on the implemented debug configuration. 

The ROM table entries point to the debug components of the processor. The offset for each entry 
is the offset of that component from the ROM table base address, 0xE00FF000.

See the ARMv7-M Architectural Reference Manual and the ARM CoreSight Components 
Technical Reference Manual for more information about the ROM table ID and component 
registers, and their addresses and access types.

8.1.2 System Control Space

If debug is implemented, the processor provides debug through registers in the SCS. See:
• Debug register summary on page 8-5
• System address map on page 3-14.

Table 8-2 Cortex-M4 ROM table components

Address Component Value Description

0xE00FF000 SCS 0xFFF0F003 See System Control Space 

0xE00FF004 DWT 0xFFF02003a

a. Reads as 0xFFF02002 if no watchpoints are implemented.

See Table 9-1 on page 9-4

0xE00FF008 FPB 0xFFF03003b

b. Reads as 0xFFF03002 if no breakpoints are implemented.

See Table 8-7 on page 8-10

0xE00FF00C ITM 0xFFF01003c

c. Reads as 0xFFF01002 if no ITM is implemented.

See Table 10-1 on page 10-4

0xE00FF010 TPIU 0xFFF41003d 

d. Reads as 0xFFF41002 if no TPIU is implemented.

See Table 11-1 on page 11-5.

0xE00FF014 ETM 0xFFF42003e

e. Reads as 0xFFF42002 if no ETM is implemented.

See the ETM-M4 Technical Reference Manual.

0xE00FF018 End marker 0x00000000 See DAP accessible ROM table in the ARMv7-M 
Architectural Reference Manual.

0xE00FFFCC SYSTEM ACCESS 0x00000001
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SCS CoreSight identification

Table 8-3 shows the SCS CoreSight identification registers and values for debugger detection. 
Final debugger identification of the Cortex-M4 processor is through the CPUID register in the 
SCS. See CPUID Base Register, CPUID on page 4-5.

See the ARMv7-M Architectural Reference Manual and the ARM CoreSight Components 
Technical Reference Manual for more information about the SCS CoreSight identification 
registers, and their addresses and access types.

8.1.3 Debug register summary

Table 8-4 shows the debug registers. Each of these registers is 32 bits wide and is described in 
the ARMv7-M Architectural Reference Manual.

Core debug is an optional component. If core debug is removed then halt mode debugging is not 
supported, and there is no halt, stepping, or register transfer functionality. Debug monitor mode 
is still supported.

Table 8-3 SCS identification values

Address Register Value Description

0xE000EFD0 Peripheral ID4 0x00000004 Component and Peripheral ID register formats in 
the ARMv7-M Architectural Reference Manual.

0xE000EFE0 Peripheral ID0 0x0000000C

0xE000EFE4 Peripheral ID1 0x000000B0

0xE000EFE8 Peripheral ID2 0x0000000B

0xE000EFEC Peripheral ID3 0x00000000

0xE000EFF0 Component ID0 0x0000000D

0xE000EFF4 Component ID1 0x000000E0

0xE000EFF8 Component ID2 0x00000005

0xE000EFFC Component ID3 0x000000B1

Table 8-4 Debug registers

Address Name Type Reset Description

0xE000ED30 DFSR RW 0x00000000a

a. Power-on reset only

Debug Fault Status Register

0xE000EDF0 DHCSR RW 0x00000000 Debug Halting Control and Status Register

0xE000EDF4 DCRSR WO - Debug Core Register Selector Register

0xE000EDF8 DCRDR RW - Debug Core Register Data Register

0xE000EDFC DEMCR RW 0x00000000 Debug Exception and Monitor Control Register
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8.2 About the AHB-AP
The AHB-AP is a Memory Access Port (MEM-AP) as defined in the ARM Debug Interface v5 
Architecture Specification. The AHB-AP is an optional debug access port into the Cortex-M4 
system, and provides access to all memory and registers in the system, including processor 
registers through the SCS. System access is independent of the processor status. Either SW-DP 
or SWJ-DP is used to access the AHB-AP.

The AHB-AP is a master into the Bus Matrix. Transactions are made using the AHB-AP 
programmers model, which generates AHB-Lite transactions into the Bus Matrix.

8.2.1 AHB-AP transaction types

The AHB-AP does not perform back-to-back transactions on the bus, and so all transactions are 
non-sequential. The AHB-AP can perform unaligned and bit-band transactions. The Bus Matrix 
handles these. The AHB-AP transactions are not subject to MPU lookups. AHB-AP transactions 
bypass the FPB, and so the FPB cannot remap AHB-AP transactions.

AHB-AP transactions are little-endian.

8.2.2 AHB-AP programmers model

Table 8-5 shows the AHB-AP registers. If the AHB-AP is not present, these registers read as 
zero. Any register that is not specified in this table reads as zero.

The following sections describe the AHB-AP registers whose implementation is specific to this 
processor. Other registers are described in the CoreSight Components Technical Reference 
Manual.

AHB-AP Control and Status Word Register, CSW

The CSW characteristics are:

Purpose Configures and controls transfers through the AHB interface.

Usage constraints There are no usage constraints.

Table 8-5 AHB-AP register summary

Offseta

a. The offset given in this table is relative to the location of the AHB-AP in the DAP memory space. This 
space is only visible from the access port. It is not part of the processor memory map.

Name Type Reset Description

0x00 CSW RW See register AHB-AP Control and Status Word Register, CSW

0x04 TAR RW - AHB-AP Transfer Address Register

0x0C DRW RW - AHB-AP Data Read/Write Register

0x10 BD0 RW  - AHB-AP Banked Data Register0 

0x14 BD1 RW  - AHB-AP Banked Data Register1

0x18 BD2 RW - AHB-AP Banked Data Register2

0x1C BD3 RW - AHB-AP Banked Data Register3

0xF8 DBGDRAR RO 0xE00FF003 AHB-AP ROM Address Register

0xFC IDR RO 0x24770011 AHB-AP Identification Register
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Configurations This register is available in all processor configurations.

Attributes See the register summary in Table 8-5 on page 8-6.

Figure 8-2 shows the CSW bit assignments.

Figure 8-2 CSW bit assignments

Table 8-6 shows the CSW bit assignments. 

11 831 29 28 2630 12 7 6 5 4 3 2 0

ModeReserved Size

25 24

TransInProg
DbgStatus

AddrInc

Hprot1

MasterType
Reserved

Reserved Reserved

Table 8-6 CSW bit assignments

Bits Name Function

[31:30] - Reserved. Read as b00.

[29] MasterTypea 0 = core.
1 = debug.
This bit must not be changed if a transaction is outstanding. A debugger must first check bit 
[7], TransInProg.
Reset value = b1.
An implementation can configure this bit to be read only with a value of 1. In that case, 
transactions are always indicated as debug.

[28:26] - Reserved, b000.

[25] Hprot1 User and Privilege control - HPROT[1].
Reset value = b1.

[24] - Reserved, b1.

[23:12] - Reserved, 0x000.

[11:8] Mode Mode of operation bits:
b0000 = normal download and upload mode
b0001-b1111 are reserved.
Reset value = b0000.

[7] TransInProg Transfer in progress. This field indicates if a transfer is in progress on the APB master port.

[6] DbgStatus Indicates the status of the DAPEN port.
1 = AHB transfers permitted.
0 = AHB transfers not permitted.
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[5:4] AddrInc Auto address increment and pack mode on Read or Write data access. Only increments if the 
current transaction completes with no error.
Auto address incrementing and packed transfers are not performed on access to Banked Data 
registers 0x10 - 0x1C. The status of these bits is ignored in these cases.
Increments and wraps within a 4-KB address boundary, for example from 0x1000 to 0x1FFC. If 
the start is at 0x14A0, the counter increments to 0x1FFC, wraps to 0x1000, then continues 
incrementing to 0x149C.
b00 = auto increment off.
b01 = increment single. Single transfer from corresponding byte lane.
b10 = increment packed.b 
b11 = reserved. No transfer.
Size of address increment is defined by the Size field [2:0].
Reset value: b00.

[3] - Reserved. 

[2:0] Size Size of access field:
b000 = 8 bits
b001 = 16 bits
b010 = 32 bits
b011-111 are reserved.
Reset value: b000. 

a. When clear, this bit prevents the debugger from setting the C_DEBUGEN bit in the Debug Halting Control and Status 
Register, and so prevents the debugger from being able to halt the processor.

b. See the definition of packed transfers in the ARM Debug Interface v5 Architecture Specification.

Table 8-6 CSW bit assignments (continued)

Bits Name Function
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8.3 About the Flash Patch and Breakpoint Unit (FPB)
The FPB:
• implements hardware breakpoints
• patches code and data from code space to system space.

A full FPB unit contains:

• Two literal comparators for matching against literal loads from Code space, and 
remapping to a corresponding area in System space.

• Six instruction comparators for matching against instruction fetches from Code space, and 
remapping to a corresponding area in System space. Alternatively, you can configure the 
comparators individually to return a Breakpoint Instruction (BKPT) to the processor core 
on a match, to provide hardware breakpoint capability.

A reduced FPB unit contains:

• Two instruction comparators. You can configure each comparator individually to return a 
Breakpoint Instruction to the processor on a match, to provide hardware breakpoint 
capability.

8.3.1 FPB functional description

The FPB contains both a global enable and individual enables for the eight comparators. If the 
comparison for an entry matches, the address is either:

• remapped to the address set in the remap register plus an offset corresponding to the 
comparator that matched

• remapped to a BKPT instruction if that feature is enabled.

The comparison happens dynamically, but the result of the comparison occurs too late to stop 
the original instruction fetch or literal load taking place from the Code space. The processor 
ignores this transaction however, and only the remapped transaction is used.

If an MPU is present, the MPU lookups are performed for the original address, not the remapped 
address.

You can remove the FPB if no debug is required, or you can reduce the number of breakpoints 
it supports to two. If the FPB supports only two breakpoints then only comparators 0 and 1 are 
used, and the FPB does not support flash patching.

Note
 • Unaligned literal accesses are not remapped. The original access to the DCode bus takes 

place in this case.

• Load exclusive accesses can be remapped. However, it is Unpredictable whether they are 
performed as exclusive accesses or not.

• Setting the flash patch remap location to a bit-band alias is not supported and results in 
Unpredictable behavior.
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8.3.2 FPB programmers model

Table 8-7 shows the FPB registers. Depending on the implementation of your processor, some 
of these registers might not be present. Any register that is configured as not present reads as 
zero.

All FPB registers are described in the ARMv7-M Architecture Reference Manual.

Table 8-7 FPB register summary

Address Name Type Reset Description

0xE0002000 FP_CTRL RW 0x260 FlashPatch Control Register

0xE0002004 FP_REMAP RW - FlashPatch Remap Register

0xE0002008 FP_COMP0 RW b0a

a. For FP_COMP0 to FP_COMP7, bit 0 is reset to 0. Other bits in these registers are 
not reset.

FlashPatch Comparator Register0

0xE000200C FP_COMP1 RW b0 FlashPatch Comparator Register1

0xE0002010 FP_COMP2 RW b0 FlashPatch Comparator Register2

0xE0002014 FP_COMP3 RW b0 FlashPatch Comparator Register3

0xE0002018 FP_COMP4 RW b0 FlashPatch Comparator Register4

0xE000201C FP_COMP5 RW b0 FlashPatch Comparator Register5

0xE0002020 FP_COMP6 RW b0 FlashPatch Comparator Register6

0xE0002024 FP_COMP7 RW b0 FlashPatch Comparator Register7

0xE0002FD0 PID4 RO 0x04 Peripheral identification registers

0xE0002FD4 PID5 RO 0x00

0xE0002FD8 PID6 RO 0x00

0xE0002FDC PID7 RO 0x00

0xE0002FE0 PID0 RO 0x03

0xE0002FE4 PID1 RO 0xB0

0xE0002FE8 PID2 RO 0x2B

0xE0002FEC PID3 RO 0x00

0xE0002FF0 CID0 RO 0x0D Component identification registers

0xE0002FF4 CID1 RO 0xE0

0xE0002FF8 CID2 RO 0x05

0xE0002FFC CID3 RO 0xB1
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Chapter 9 
Data Watchpoint and Trace Unit

This chapter describes the Data Watchpoint and Trace (DWT) unit. It contains the following 
sections:
• About the DWT on page 9-2
• DWT functional description on page 9-3
• DWT Programmers Model on page 9-4.
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9.1 About the DWT
The DWT is an optional debug unit that provides watchpoints, data tracing, and system profiling 
for the processor.
ARM DDI 0439C Copyright © 2009, 2010 ARM Limited. All rights reserved. 9-2
ID070610 Non-Confidential



Data Watchpoint and Trace Unit 
9.2 DWT functional description
A full DWT contains four comparators that you can configure as 
• a hardware watchpoint
• an ETM trigger
• a PC sampler event trigger
• a data address sampler event trigger. 

The first comparator, DWT_COMP0, can also compare against the clock cycle counter, 
CYCCNT. You can also use the second comparator, DWT_COMP1, as a data comparator.

A reduced DWT contains one comparator that you can use as a watchpoint or as a trigger. It does 
not support data matching.

The DWT if present contains counters for:
• clock cycles (CYCCNT)
• folded instructions
• Load Store Unit (LSU) operations
• sleep cycles
• CPI, that is all instruction cycles except for the first cycle
• interrupt overhead.

Note
 An event is generated each time a counter overflows.

You can configure the DWT to generate PC samples at defined intervals, and to generate 
interrupt event information.

The DWT provides periodic requests for protocol synchronization to the ITM and the TPIU, if 
the your implementation includes the Cortex-M4 TPIU.
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9.3 DWT Programmers Model
Table 9-1 lists the DWT registers. Depending on the implementation of your processor, some of 
these registers might not be present. Any register that is configured as not present reads as zero.

Table 9-1 DWT register summary

Address Name Type Reset Description

0xE0001000 DWT_CTRL RW See a Control Register

0xE0001004 DWT_CYCCNT RW 0x00000000 Cycle Count Register

0xE0001008 DWT_CPICNT RW - CPI Count Register

0xE000100C DWT_EXCCNT RW - Exception Overhead Count Register

0xE0001010 DWT_SLEEPCNT RW - Sleep Count Register

0xE0001014 DWT_LSUCNT RW - LSU Count Register

0xE0001018 DWT_FOLDCNT RW - Folded-instruction Count Register

0xE000101C DWT_PCSR RO - Program Counter Sample Register

0xE0001020 DWT_COMP0 RW - Comparator Register0

0xE0001024 DWT_MASK0 RW - Mask Register0

0xE0001028 DWT_FUNCTION0 RW 0x00000000 Function Register0

0xE0001030 DWT_COMP1 RW - Comparator Register1

0xE0001034 DWT_MASK1 RW - Mask Register1

0xE0001038 DWT_FUNCTION1 RW 0x00000000 Function Register1

0xE0001040 DWT_COMP2 RW - Comparator Register2

0xE0001044 DWT_MASK2 RW - Mask Register2

0xE0001048 DWT_FUNCTION2 RW 0x00000000 Function Register2

0xE0001050 DWT_COMP3 RW - Comparator Register3

0xE0001054 DWT_MASK3 RW - Mask Register3

0xE0001058 DWT_FUNCTION3 RW 0x00000000 Function Register3

0xE0001FD0 PID4 RO 0x04 Peripheral identification registers

0xE0001FD4 PID5 RO 0x00

0xE0001FD8 PID6 RO 0x00

0xE0001FDC PID7 RO 0x00

0xE0001FE0 PID0 RO 0x02

0xE0001FE4 PID1 RO 0xB0

0xE0001FE8 PID2 RO 0x3B

0xE0001FEC PID3 RO 0x00
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DWT registers are described in the ARMv7M Architecture Reference Manual. Peripheral 
Identification. Component Identification registers are described in the ARM CoreSight 
Components Technical Reference Manual.

Note
 • Cycle matching functionality is only available in comparator 0.

• Data matching functionality is only available in comparator 1.

• Data value is only sampled for accesses that do not produce an MPU or bus fault. The PC 
is sampled irrespective of any faults. The PC is only sampled for the first address of a 
burst.

• The FUNCTION field in the DWT_FUNCTION1 register is overridden for comparators 
given by DATAVADDR0 and DATAVADDR1 if DATAVMATCH is also set in 
DWT_FUNCTION1. The comparators given by DATAVADDR0 and DATAVADDR1 can 
then only perform address comparator matches for comparator 1 data matches.

• If the data matching functionality is not included during implementation it is not possible 
to set DATAVADDR0, DATAVADDR1, or DATAVMATCH in DWT_FUNCTION1. This 
means that the data matching functionality is not available in the implementation. Test the 
availability of data matching by writing and reading the DATAVMATCH bit in 
DWT_FUNCTION1. If this bit cannot be set then data matching is unavailable.

• PC match is not recommended for watchpoints because it stops after the instruction. It 
mainly guards and triggers the ETM.

0xE0001FF0 CID0 RO 0x0D Component identification registers

0xE0001FF4 CID1 RO 0xE0

0xE0001FF8 CID2 RO 0x05

0xE0001FFC CID3 RO 0xB1

a. Possible reset values are:
0x40000000 if four comparators for watchpoints and triggers are present
0x4F000000 if four comparators for watchpoints only are present
0x10000000 if only one comparator is present
0x1F000000 if one comparator for watchpoints and not triggers is present
0x00000000 if DWT is not present.

Table 9-1 DWT register summary  (continued)

Address Name Type Reset Description
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Chapter 10 
Instrumentation Trace Macrocell Unit

This chapter describes the Instrumentation Trace Macrocell (ITM) unit. It contains the following 
sections:
• About the ITM on page 10-2
• ITM functional description on page 10-3
• ITM programmers model on page 10-4.
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10.1 About the ITM
The ITM is a an optional application-driven trace source that supports printf style debugging to 
trace operating system and application events, and generates diagnostic system information. 
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10.2 ITM functional description
The ITM generates trace information as packets. There are four sources that can generate 
packets. If multiple sources generate packets at the same time, the ITM arbitrates the order in 
which packets are output. The four sources in decreasing order of priority are:

• Software trace. Software can write directly to ITM stimulus registers to generate packets.

• Hardware trace. The DWT generates these packets, and the ITM outputs them.

• Time stamping. Timestamps are generated relative to packets. The ITM contains a 21-bit 
counter to generate the timestamp. The Cortex-M4 clock or the bitclock rate of the Serial 
Wire Viewer (SWV) output clocks the counter.

• Global system timestamping. Timestamps can optionally be generated using a 
system-wide 48-bit count value. The same count value can be used to insert timestamps 
in the ETM trace stream, allowing coarse-grain correlation.
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10.3 ITM programmers model
Table 10-1 shows the ITM registers. Depending on the implementation of your processor, the 
ITM registers might not be present. Any register that is configured as not present reads as zero.

Note
 • You must enable TRCENA of the Debug Exception and Monitor Control Register before 

you program or use the ITM.

• If the ITM stream requires synchronization packets, you must configure the 
synchronization packet rate in the DWT.

 

Note
 ITM registers are fully accessible in privileged mode. In user mode, all registers can be read, 
but only the Stimulus Registers and Trace Enable Registers can be written, and only when the 
corresponding Trace Privilege Register bit is set. Invalid user mode writes to the ITM registers 
are discarded.

The following sections describes the ITM registers whose implementation is specific to this 
processor. Other registers are described in the ARMv7-M Architectural Reference Manual.

Table 10-1 ITM register summary

Address Name Type Reset Description

0xE0000000-
0xE000007C

ITM_STIM0-
ITM_STIM31

RW - Stimulus Port Registers 0-31

0xE0000E00 ITM_TER RW 0x00000000 Trace Enable Register

0xE0000E40 ITM_TPR RW 0x00000000 ITM Trace Privilege Register, ITM_TPR on page 10-5

0xE0000E80 ITM_TCR RW 0x00000000 Trace Control Register 

0xE0000FD0 PID4 RO 0x00000004 Peripheral Identification registers

0xE0000FD4 PID5 RO 0x00000000

0xE0000FD8 PID6 RO 0x00000000

0xE0000FDC PID7 RO 0x00000000

0xE0000FE0 PID0 RO 0x00000001

0xE0000FE4 PID1 RO 0x000000B0

0xE0000FE8 PID2 RO 0x0000003B

0xE0000FEC PID3 RO 0x00000000

0xE0000FF0 CID0 RO 0x0000000D Component Identification registers

0xE0000FF4 CID1 RO 0x000000E0

0xE0000FF8 CID2 RO 0x00000005

0xE0000FFC CID3 RO 0x000000B1
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10.3.1 ITM Trace Privilege Register, ITM_TPR

The ITM_TPR characteristics are:

Purpose Enables an operating system to control the stimulus ports that are 
accessible by user code.

Usage constraints You can only write to this register in privileged mode.

Configurations This register is available if the ITM is configured in your implementation.

Attributes See Table 10-1 on page 10-4.

Figure 10-1 shows the ITM_TPR bit assignments.

Figure 10-1 ITM_TPR bit assignments

Table 10-2 shows the ITM_TPR bit assignments.

Reserved

31 4 3 0

PRIVMASK

Table 10-2 ITM_TPR bit assignments

Bits Name Function

[31:4] - Reserved.

[3:0] PRIVMASK Bit mask to enable tracing on ITM stimulus ports:
bit [0] = stimulus ports [7:0]
bit [1] = stimulus ports [15:8]
bit [2] = stimulus ports [23:16]
bit [3] = stimulus ports [31:24].
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Chapter 11 
Trace Port Interface Unit

This chapter describes the Cortex-M4 TPIU, the Trace Port Interface Unit that is specific to the 
Cortex-M4 processor. It contains the following sections:
• About the Cortex-M4 TPIU on page 11-2
• TPIU functional description on page 11-3
• TPIU programmers model on page 11-5.
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11.1 About the Cortex-M4 TPIU
The Cortex-M4 TPIU is an optional component that acts as a bridge between the on-chip trace 
data from the Embedded Trace Macrocell (ETM) and the Instrumentation Trace Macrocell 
(ITM), with separate IDs, to a data stream. The TPIU encapsulates IDs where required, and the 
data stream is then captured by a Trace Port Analyzer (TPA).

The Cortex-M4 TPIU is specially designed for low-cost debug. It is a special version of the 
CoreSight TPIU. Your implementation can replace the Cortex-M4 TPIU with other CoreSight 
components if your implementation requires the additional features of the CoreSight TPIU.

In this chapter, the term TPIU refers to the Cortex-M4 TPIU. For information about the 
CoreSight TPIU, see the ARM CoreSight Components Technical Reference Manual.
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11.2 TPIU functional description
There are two configurations of the TPIU:
• A configuration that supports ITM debug trace.
• A configuration that supports both ITM and ETM debug trace.

If your implementation requires no trace support then the TPIU might not be present.

Note
 If your Cortex-M4 system uses the optional ETM component, the TPIU configuration supports 
both ITM and ETM debug trace. See the ETM-M4 Technical Reference Manual.

11.2.1 TPIU block diagrams

Figure 11-1 shows the component layout of the TPIU for both configurations.

Figure 11-1 TPIU block diagram

11.2.2 TPIU Formatter

The formatter inserts source ID signals into the data packet stream so that trace data can be 
re-associated with its trace source. The formatter is always active when the Trace Port Mode is 
active.

The formatting protocol is described in the CoreSight Architecture Specification. You must 
enable synchronization packets in the DWT to provide synchronization for the formatter.

When the formatter is enabled, half-sync packets may be inserted if there is no data to output 
after a frame has been started. Synchronization, caused by the distributed synchronization from 
the DWT, will ensure that any partial frame is completed, and at least one full synchronization 
packet will be generated.

ATB 
Interface

Formatter

APB
Interface

Trace Out
(serializer)

ITM ATB Slave Port

APB Slave Port

TRACECLKIN

TRACECLK

TRACEDATA [3:0]

TRACESWO

CLK Domain TRACECLKIN Domain

† ATB 
Interface

† ETM ATB Slave Port

† Optional component
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11.2.3 Serial Wire Output format

The TPIU can output trace data in a Serial Wire Output (SWO) format:

• TPIU_DEVID specifies the formats that are supported. See TPIU_DEVID on page 11-12.

• TPIU_SPPR specifies the SWO format in use. See the ARMv7-M Architecture Reference 
Manual.

When one of the two SWO modes is selected, you can enable the TPIU to bypass the formatter 
for trace output. If the formatter is bypassed, only the ITM and DWT trace source passes 
through. The TPIU accepts and discards data from the ETM. This function can be used to 
connect a device containing an ETM to a trace capture device that is only able to capture SWO 
data.
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11.3 TPIU programmers model
Table 11-1 provides a summary of the TPIU registers. Depending on the implementation of your 
processor, the TPIU registers might not be present, or the CoreSight TPIU might be present 
instead. Any register that is configured as not present reads as zero.

Table 11-1 TPIU registers

Address Name Type Reset Description

0xE0040000 TPIU_SSPSR RO 0x0xx Supported Parallel Port Size Register

0xE0040004 TPIU_CSPSR RW 0x01 Current Parallel Port Size Register

0xE0040010 TPIU_ACPR RW 0x0000 Asynchronous Clock Prescaler Register, TPIU_ACPR on page 11-6

0xE00400F0 TPIU_SPPR RW 0x01 Selected Pin Protocol Register

0xE0040300 TPIU_FFSR RO 0x08 Formatter and Flush Status Register, TPIU_FFSR on page 11-6

0xE0040304 TPIU_FFCR RW 0x102 Formatter and Flush Control Register, TPIU_FFCR on page 11-7

0xE0040308 TPIU_FSCR RO 0x00 Formatter Synchronization Counter Register

0xE0040EE8 TRIGGER RO 0x0 TRIGGER on page 11-8

0xE0040EEC FIFO data 0 RO 0x--000000 Integration ETM Data on page 11-8 

0xE0040EF0 ITATBCTR2 RO 0x0 ITATBCTR2 on page 11-9

0xE0040EFC FIFO data 1 RO 0x--000000 Integration ITM Data on page 11-10 

0xE0040EF8 ITATBCTR0 RO 0x0 ITATBCTR0 on page 11-11

0xE0040F00 ITCTRL RW 0x0 Integration Mode Control, TPIU_ITCTRL on page 11-11

0xE0040FA0 CLAIMSET RW 0xF Claim tag set 

0xE0040FA4 CLAIMCLR RW 0x0 Claim tag clear 

0xE0040FC8 DEVID RO 0xCA0/0xCA1 TPIU_DEVID on page 11-12

0xE0040FCC DEVTYPE RO 0x11 TPIU_DEVTYPE on page 11-13

0xE0040FD0 PID4 RO 0x04 Peripheral identification registers

0xE0040FD4 PID5 RO 0x00

0xE0040FD8 PID6 RO 0x00

0xE0040FDC PID7 RO 0x00

0xE0040FE0 PID0 RO 0xA1

0xE0040FE4 PID1 RO 0xB9

0xE0040FE8 PID2 RO 0x0B

0xE0040FEC PID3 RO 0x00

0xE0040FF0 CID0 RO 0x0D Component identification registers

0xE0040FF4 CID1 RO 0x90

0xE0040FF8 CID2 RO 0x05

0xE0040FFC CID3 RO 0xB1
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The following sections describe the TPIU registers whose implementation is specific to this 
processor. The Formatter, Integration Mode Control, and Claim Tag registers are described in 
the CoreSight Components Technical Reference Manual. Other registers are described in the 
ARMv7-M Architecture Reference Manual.

11.3.1 Asynchronous Clock Prescaler Register, TPIU_ACPR

The TPIU_ACPR characteristics are:

Purpose Scales the baud rate of the asynchronous output.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-2 shows the TPIU_ACPR bit assignments.

Figure 11-2 TPIU_ACPR bit assignments

Table 11-2 shows the TPIU_ACPR bit assignments.

11.3.2 Formatter and Flush Status Register, TPIU_FFSR

The TPIU_FFSR characteristics are:

Purpose Indicates the status of the TPIU formatter.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-3 shows the TPIU_FFSR bit assignments.

Figure 11-3 TPIU_FFSR bit assignments

31 13 0

Reserved

12

PRESCALER

Table 11-2 TPIU_ACPR bit assignments

Bits Name Function

[31:13] - Reserved. RAZ/SBZP.

[12:0] PRESCALER Divisor for TRACECLKIN is Prescaler + 1.

31 2 0

Reserved

1

FlInProg

3

FtStopped
TCPresent
FtNonStop

4
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Table 11-3 shows the TPIU_FFSR bit assignments.

11.3.3 Formatter and Flush Control Register, TPIU_FFCR

The TPIU_FFCR characteristics are:

Purpose Controls the TPIU formatter.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-4 shows the TPIU_FFCR bit assignments.

Figure 11-4 TPIU_FFCR bit assignments

Table 11-4 shows the TPIU_FFCR bit assignments.

The TPIU can output trace data in a Serial Wire Output (SWO) format. See Serial Wire Output 
format on page 11-4.

Table 11-3 TPIU_FFSR bit assignments

Bits Name Function

[31:4] - Reserved

[3] FtNonStop Formatter cannot be stopped

[2] TCPresent This bit always reads zero

[1] FtStopped This bit always reads zero

[0] FlInProg This bit always reads zero

Reserved

31 9 8 7 2 1 0

Reserved

TrigIn EnFCont
Reserved

Table 11-4 TPIU_FFCR bit assignments

Bits Name Function

[31:9] - Reserved.

[8] TrigIn This bit Reads-As-One (RAO), specifying that triggers are inserted when a trigger pin is asserted.

[7:2] - Reserved.

[1] EnFCont Enable continuous formatting. Value can be:
0 = Continuous formatting disabled.
1 = Continuous formatting enabled.

[0] - Reserved.
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When one of the two SWO modes is selected, bit [1] of TPIU_FFCR enables the formatter to 
be bypassed. If the formatter is bypassed, only the ITM and DWT trace source passes through. 
The TPIU accepts and discards data from the ETM. This function is can be used to connect a 
device containing an ETM to a trace capture device that is only able to capture SWO data. 
Enabling or disabling the formatter causes momentary data corruption.

Note
 If TPIU_SPPR is set to select Trace Port Mode, the formatter is automatically enabled. If you 
then select one of the SWO modes, TPIU_FFCR reverts to its previously programmed value.

11.3.4 TRIGGER

The TRIGGER characteristics are:

Purpose Integration test of the TRIGGER input.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-5 shows the TRIGGER bit assignments.

Figure 11-5 TRIGGER bit assignments

Table 11-5 shows the TRIGGER bit assignments.

11.3.5 Integration ETM Data

The Integration ETM Data characteristics are:

Purpose Trace data integration testing.

Usage constraints You must set bit [1] of TPIU_ITCTRL to use this register. See Integration 
Mode Control, TPIU_ITCTRL on page 11-11.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5

Figure 11-6 on page 11-9 shows the Integration ETM Data bit assignments.

Reserved

31 1 0

TRIGGER input value

Table 11-5 TRIGGER bit assignments

Bits Name Function

[31:1] - Reserved

[0] TRIGGER input value When read, this bit returns the TRIGGER input.
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Figure 11-6 Integration ETM Data bit assignments

Table 11-6 shows the Integration ETM Data bit assignments.

11.3.6 ITATBCTR2

The ITATBCTR2 characteristics are:

Purpose Integration test.

Usage constraints You must set bit [0] of TPIU_ITCTRL to use this register. See Integration 
Mode Control, TPIU_ITCTRL on page 11-11.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-7 shows the ITATBCTR2 bit assignments.

Figure 11-7 ITATBCTR2 bit assignments

ETM data 2 ETM data 1 ETM data 0

31 029 2728 26 2425 23 16 15 8 7

ETM byte count
ETM ATVALID
ITM byte count
ITM ATVALID

30

Reserved

Table 11-6 Integration ETM Data bit assignments

Bits Name Function

[31:30] - Reserved

[29] ITM ATVALID input Returns the value of the ITM ATVALID signal.

[28:27] ITM byte count Number of bytes of ITM trace data since last read of Integration ITM Data Register.

[26] ETM ATVALID input Returns the value of the ETM ATVALID signal.

[25:24] ETM byte count Number of bytes of ETM trace data since last read of Integration ETM Data Register.

[23:16] ETM data 2 ETM trace data. The TPIU discards this data when the register is read.

[15:8] ETM data 1

[7:0] ETM data 0

31 0

Reserved

1

ATREADY1
ATREADY2
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Table 11-7 shows the ITATBCTR2 bit assignments.

11.3.7 Integration ITM Data

The Integration ITM Data characteristics are:

Purpose Trace data integration testing.

Usage constraints You must set bit [1] of TPIU_ITCTRL to use this register. See Integration 
Mode Control, TPIU_ITCTRL on page 11-11.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5

Figure 11-8 shows the Integration ITM Data bit assignments.

Figure 11-8 Integration ITM Data bit assignments

Table 11-8 shows the Integration ITM Data bit assignments.

Table 11-7 ITATBCTR2 bit assignments

Bits Name Function

[31:1] - Reserved

[0] ATREADY1, ATREADY2 This bit sets the value of both the ETM and ITM ATREADY 
outputs, if the TPIU is in integration test mode.

31 30 29 28 27 26 25 24 23 16 15 8 7 0

ITM data 2 ITM data 1 ITM data 0

ETM byte count
ETM ATVALID input
ITM byte count
ITM ATVALID input
Reserved

Table 11-8 Integration ITM Data bit assignments

Bits Name Function

[31:30] - Reserved

[29] ITM ATVALID input Returns the value of the ITM ATVALID signal.

[28:27] ITM byte count Number of bytes of ITM trace data since last read of Integration ITM Data Register.

[26] ETM ATVALID input Returns the value of the ETM ATVALID signal.

[25:24] ETM byte count Number of bytes of ETM trace data since last read of Integration ETM Data Register.

[23:16] ITM data 2 ITM trace data. The TPIU discards this data when the register is read.

[15:8] ITM data 1

[7:0] ITM data 0
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11.3.8 ITATBCTR0

The ITATBCTR0 characteristics are:

Purpose Integration test.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-9 shows the ITATBCTR0 bit assignments.

Figure 11-9 ITATBCTR0 bit assignments

Table 11-9 shows the ITATBCTR0 bit assignments.

11.3.9 Integration Mode Control, TPIU_ITCTRL

The TPIU_ITCTRL characteristics are:

Purpose Specifies normal or integration mode for the TPIU.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-10 shows the TPIU_ITCTRL bit assignments.

Figure 11-10 TPIU_ITCTRL bit assignments

31 0

Reserved

1

ATVALID1
ATVALID2

Table 11-9 ITATBCTR0 bit assignments

Bits Name Function

[31:1] - Reserved

[0] ATVALID1, ATVALID2 A read of this bit returns the value of ATVALIDS1 OR-ed with 
ATVALIDS2.
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Table 11-10 shows the TPIU_ITCTRL bit assignments.

11.3.10 TPIU_DEVID

The TPIU_DEVID characteristics are:

Purpose Indicates the functions provided by the TPIU for use in topology 
detection.

Usage constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes See Table 11-1 on page 11-5.

Figure 11-11 shows the TPIU_DEVID bit assignments.

Figure 11-11 TPIU_DEVID bit assignments

Table 11-11 shows the TPIU_DEVID bit assignments.

Table 11-10 TPIU_ITCTRL bit assignments

Bits Name Function

[31:2] - Reserved.

[1:0] Mode Specifies the current mode for the TPIU:
b00 normal mode
b01 integration test mode
b10 integration data test mode
b11 Reserved.
In integration data test mode, the trace output is disabled, and data can be read 
directly from each input port using the integration data registers.

Reserved

31 12 11 10 9 8 6 5 0

Asynchronous Serial Wire Output (NRZ)
Asynchronous Serial Wire Output (Manchester)

tracedata and clock modes
Minimum buffer size

Asynchronous TRACECLKIN

4

Number of trace inputs

Table 11-11 TPIU_DEVID bit assignments

Bits Name Function

[31:12] - Reserved

[11] Asynchronous Serial Wire Output (NRZ) This bit Reads-As-One (RAO), indicating that the output is supported.

[10] Asynchronous Serial Wire Output (Manchester) This bit Reads-As-One (RAO), indicating that the output is supported.

[9] Tracedata and clock modes This bit Reads-As-Zero (RAZ), indicating that tracedata and clock 
modes are supported
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11.3.11 TPIU_DEVTYPE

The Device Type Identifier Register is read-only. It provides a debugger with information about 
the component when the Part Number field is not recognized. The debugger can then report this 
information.

The TPIU_DEVTYPE characteristics are:

Purpose Indicates the type of functionality the component supports.

Usage Constraints There are no usage constraints.

Configurations This register is available in all processor configurations.

Attributes The Device Type reads as 0x11 and indicates this device is a trace sink and 
specifically a TPIU

Figure 11-12  TPIU_DEVTYPE bit assignments

[8:6] Minimum buffer size Specifies the minimum TPIU buffer size:
b010 = 4 bytes

[5] Asynchronous TRACECLKIN Specifies whether TRACECLKIN can be asynchronous to CLK
b0 = TRACECLKIN must be synchronous to CLK
b1 = TRACECLKIN can be asynchronous to CLK

[4:0] Number of trace inputs Specifies the number of trace inputs:
b000000 = 1 input
b000001 = 2 inputs
If your implementation includes an ETM, the value of this field is 
b000001.

Table 11-11 TPIU_DEVID bit assignments (continued)

Bits Name Function

Reserved

31 78 0

Sub type

4

Major type

3
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Appendix A 
Revisions

This appendix describes the technical changes between released issues of this book.

Table A-1 Issue A

Change Location Affects

First release - -

Table A-2 Differences between issue A and issue B

Change Location Affects

No technical changes - -

Table A-3 Differences between issue B and issue C

Change Location Affects

Additional information on bus interfaces. Bus interfaces on page 2-5 All

Additional information on Private Peripheral Bus. Private Peripheral Bus (PPB) on page 2-6 All

Updated the Cortex-M4 instruction set cycle times. Table 3-1 on page 3-4 All

Updated assembler of the signed multiply instructions for DSP 
instructions.

Table 3-2 on page 3-8 All

Updated information on Load/store timings. Load/store timings on page 3-11 All

Added information on local exclusive monitor. Exclusive monitor on page 3-18 All
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Revisions 
Reset values updated. Table 5-1 on page 5-4 All

Updated bit order for Auxiliary Control Register. Figure 4-1 on page 4-5 All

Updated bit order for Auxiliary Control Register. Table 4-2 on page 4-5 All

Updated information for Auxiliary Fault Status Register Auxiliary Fault Status Register, AFSR on page 4-6 All

Changed address range for NVIC_IPR registers. Table 6-1 on page 6-4 All

Added Peripheral IDs 5-7. Table 8-1 on page 8-3 All

Updated reset value. Table 8-7 on page 8-10 All

Added names of TPIU registers. Reset values updated and added 
TPIU_DEVTYPE.

Table 11-1 on page 11-5 All

Added TPIU_DEVTYPE bit assignments. TPIU_DEVTYPE on page 11-13 All

Table A-3 Differences between issue B and issue C (continued)

Change Location Affects
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Glossary

This glossary describes some of the terms used in technical documents from ARM.

Abort A mechanism that indicates to a core that the attempted memory access is invalid or not allowed or 
that the data returned by the memory access is invalid. An abort can be caused by the external or 
internal memory system as a result of attempting to access invalid or protected instruction or data 
memory.

See also Data Abort, External Abort and Prefetch Abort.

Addressing modes Various mechanisms, shared by many different instructions, for generating values used by the 
instructions.

Advanced High-performance Bus (AHB)
A bus protocol with a fixed pipeline between address/control and data phases. It only supports a 
subset of the functionality provided by the AMBA AXI protocol. The full AMBA AHB protocol 
specification includes a number of features that are not commonly required for master and slave IP 
developments and ARM recommends only a subset of the protocol is usually used. This subset is 
defined as the AMBA AHB-Lite protocol.

See also Advanced Microcontroller Bus Architecture and AHB-Lite.

Advanced Microcontroller Bus Architecture (AMBA)
A family of protocol specifications that describe a strategy for the interconnect. AMBA is the ARM 
open standard for on-chip buses. It is an on-chip bus specification that details a strategy for the 
interconnection and management of functional blocks that make up a System-on-Chip (SoC). It aids 
in the development of embedded processors with one or more CPUs or signal processors and 
multiple peripherals. AMBA complements a reusable design methodology by defining a common 
backbone for SoC modules.
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Glossary 
Advanced Peripheral Bus (APB)
A simpler bus protocol than AXI and AHB. It is designed for use with ancillary or 
general-purpose peripherals such as timers, interrupt controllers, UARTs, and I/O ports. 
Connection to the main system bus is through a system-to-peripheral bus bridge that helps to 
reduce system power consumption.

AHB See Advanced High-performance Bus.

AHB Access Port (AHB-AP)
An optional component of the DAP that provides an AHB interface to a SoC.

AHB-AP See AHB Access Port.

AHB-Lite A subset of the full AMBA AHB protocol specification. It provides all of the basic functions 
required by the majority of AMBA AHB slave and master designs, particularly when used with 
a multi-layer AMBA interconnect. In most cases, the extra facilities provided by a full AMBA 
AHB interface are implemented more efficiently by using an AMBA AXI protocol interface.

AHB Trace Macrocell
A hardware macrocell that, when connected to a processor core, outputs data trace information 
on a trace port.

Aligned A data item stored at an address that is divisible by the number of bytes that defines the data size 
is said to be aligned. Aligned words and halfwords have addresses that are divisible by four and 
two respectively. The terms word-aligned and halfword-aligned therefore stipulate addresses 
that are divisible by four and two respectively.

AMBA See Advanced Microcontroller Bus Architecture.

Advanced Trace Bus (ATB)
A bus used by trace devices to share CoreSight capture resources.

APB See Advanced Peripheral Bus.

Application Specific Integrated Circuit (ASIC)
An integrated circuit that has been designed to perform a specific application function. It can be 
custom-built or mass-produced.

Architecture The organization of hardware and/or software that characterizes a processor and its attached 
components, and enables devices with similar characteristics to be grouped together when 
describing their behavior, for example, Harvard architecture, instruction set architecture, 
ARMv7-M architecture.

ARM instruction An instruction of the ARM Instruction Set Architecture (ISA). These cannot be executed by the 
Cortex-M4 processor.

ARM state The processor state in which the processor executes the instructions of the ARM ISA. The 
processor only operates in Thumb state, never in ARM state.

ASIC See  Application Specific Integrated Circuit.

ATB See Advanced Trace Bus.

ATB bridge A synchronous ATB bridge provides a register slice to facilitate timing closure through the 
addition of a pipeline stage. It also provides a unidirectional link between two synchronous ATB 
domains.

An asynchronous ATB bridge provides a unidirectional link between two ATB domains with 
asynchronous clocks. It is intended to support connection of components with ATB ports 
residing in different clock domains.
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Base register A register specified by a load or store instruction that is used to hold the base value of the address 
calculation for the instruction. Depending on the instruction and its addressing mode, an offset 
can be added to or subtracted from the base register value to form the address that is sent to 
memory.

Base register write-back
Updating the contents of the base register used in an instruction target address calculation so that 
the modified address is changed to the next higher or lower sequential address in memory. This 
means that it is not necessary to fetch the target address for successive instruction transfers and 
enables faster burst accesses to sequential memory. 

Beat Alternative word for an individual data transfer within a burst. For example, an INCR4 burst 
comprises four beats.

BE-8 Big-endian view of memory in a byte-invariant system.

See also BE-32, LE, Byte-invariant and Word-invariant.

BE-32 Big-endian view of memory in a word-invariant system. 

See also BE-8, LE, Byte-invariant and Word-invariant.

Big-endian Byte ordering scheme in which bytes of decreasing significance in a data word are stored at 
increasing addresses in memory.

See also Little-endian and Endianness.

Big-endian memory Memory in which:

• a byte or halfword at a word-aligned address is the most significant byte or halfword 
within the word at that address

• a byte at a halfword-aligned address is the most significant byte within the halfword at that 
address.

See also Little-endian memory.

Boundary scan chain
A boundary scan chain is made up of serially-connected devices that implement boundary scan 
technology using a standard JTAG TAP interface. Each device contains at least one TAP 
controller containing shift registers that form the chain connected between TDI and TDO, 
through which test data is shifted. Processors can contain several shift registers to enable you to 
access selected parts of the device.

Branch folding Branch folding is a technique where the branch instruction is completely removed from the 
instruction stream presented to the execution pipeline.

Breakpoint A breakpoint is a mechanism provided by debuggers to identify an instruction at which program 
execution is to be halted. Breakpoints are inserted by the programmer to enable inspection of 
register contents, memory locations, variable values at fixed points in the program execution to 
test that the program is operating correctly. Breakpoints are removed after the program is 
successfully tested. 

See also Watchpoint.

Burst A group of transfers to consecutive addresses. Because the addresses are consecutive, there is 
no requirement to supply an address for any of the transfers after the first one. This increases the 
speed at which the group of transfers can occur. Bursts over AMBA are controlled using signals 
to indicate the length of the burst and how the addresses are incremented.

See also Beat.
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Byte An 8-bit data item.

Byte-invariant In a byte-invariant system, the address of each byte of memory remains unchanged when 
switching between little-endian and big-endian operation. When a data item larger than a byte 
is loaded from or stored to memory, the bytes making up that data item are arranged into the 
correct order depending on the endianness of the memory access. The ARM architecture 
supports byte-invariant systems in ARMv6 and later versions. When byte-invariant support is 
selected, unaligned halfword and word memory accesses are also supported. Multi-word 
accesses are expected to be word-aligned.

See also Word-invariant.

Clock gating Gating a clock signal for a macrocell with a control signal and using the modified clock that 
results to control the operating state of the macrocell.

Clocks Per Instruction (CPI)
See Cycles Per Instruction (CPI).

Cold reset Also known as power-on reset.

See also Warm reset.

Context The environment that each process operates in for a multitasking operating system.

See also Fast context switch.

Core A core is that part of a processor that contains the ALU, the datapath, the general-purpose 
registers, the Program Counter, and the instruction decode and control circuitry.

Core reset See Warm reset.

CoreSight The infrastructure for monitoring, tracing, and debugging a complete system on chip.

CPI See Cycles per instruction.

Cycles Per instruction (CPI)
Cycles per instruction (or clocks per instruction) is a measure of the number of computer 
instructions that can be performed in one clock cycle. This figure of merit can be used to 
compare the performance of different CPUs that implement the same instruction set against each 
other. The lower the value, the better the performance.

Data Abort An indication from a memory system to the core of an attempt to access an illegal data memory 
location. An exception must be taken if the processor attempts to use the data that caused the 
abort. 

See also Abort.

DCode Memory Memory space at 0x00000000 to 0x1FFFFFFFF.

Debug Access Port (DAP)
A TAP block that acts as an AMBA, AHB or AHB-Lite, master for access to a system bus. The 
DAP is the term used to encompass a set of modular blocks that support system wide debug. The 
DAP is a modular component, intended to be extendable to support optional access to multiple 
systems such as memory mapped AHB and CoreSight APB through a single debug interface.

Debugger A debugging system that includes a program, used to detect, locate, and correct software faults, 
together with custom hardware that supports software debugging.

Embedded Trace Buffer
The ETB provides on-chip storage of trace data using a configurable sized RAM.
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Embedded Trace Macrocell (ETM)
A hardware macrocell that, when connected to a processor core, outputs instruction trace 
information on a trace port.

Endianness Byte ordering. The scheme that determines the order that successive bytes of a data word are 
stored in memory. An aspect of the systems memory mapping.

See also Little-endian and Big-endian

ETB See Embedded Trace Buffer.

ETM See Embedded Trace Macrocell.

Exception An error or event which can cause the processor to suspend the currently executing instruction 
stream and execute a specific exception handler or interrupt service routine. The exception could 
be an external interrupt or NMI, or it could be a fault or error event that is considered serious 
enough to require that program execution is interrupted. Examples include attempting to 
perform an invalid memory access, external interrupts, and undefined instructions. When an 
exception occurs, normal program flow is interrupted and execution is resumed at the 
corresponding exception vector. This contains the first instruction of the interrupt service 
routine to deal with the exception.

Exception handler
See Interrupt service routine.

Exception vector See Interrupt vector.

External PPB PPB memory space at 0xE0040000 to 0xE00FFFFF.

Flash Patch and Breakpoint unit (FPB)
A set of address matching tags, that reroute accesses into flash to a special part of SRAM. This 
permits patching flash locations for breakpointing and quick fixes or changes.

Formatter The formatter is an internal input block in the ETB and TPIU that embeds the trace source ID 
within the data to create a single trace stream.

Halfword A 16-bit data item.

Halt mode One of two mutually exclusive debug modes. In halt mode all processor execution halts when a 
breakpoint or watchpoint is encountered. All processor state, coprocessor state, memory and 
input/output locations can be examined and altered by the JTAG interface. 

See also Monitor debug-mode.

Host A computer that provides data and other services to another computer. Especially, a computer 
providing debugging services to a target being debugged.

HTM See AHB Trace Macrocell.

ICode Memory Memory space at 0x00000000 to 0x1FFFFFFF.

Illegal instruction An instruction that is architecturally Undefined. 

Implementation-defined
The behavior is not architecturally defined, but is defined and documented by individual 
implementations.

Implementation-specific
The behavior is not architecturally defined, and does not have to be documented by individual 
implementations. Used when there are a number of implementation options available and the 
option chosen does not affect software compatibility.
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Instruction cycle count
The number of cycles for which an instruction occupies the Execute stage of the pipeline.

Instrumentation trace
A component for debugging real-time systems through a simple memory-mapped trace 
interface, providing printf style debugging.

Intelligent Energy Management (IEM)
A technology that enables dynamic voltage scaling and clock frequency variation to be used to 
reduce power consumption in a device. 

Internal PPB PPB memory space at 0xE0000000 to 0xE003FFFF.

Interrupt service 
routine

A program that control of the processor is passed to when an interrupt occurs. 

Interrupt vector One of a number of fixed addresses in low memory that contains the first instruction of the 
corresponding interrupt service routine.

Joint Test Action Group (JTAG)
The name of the organization that developed standard IEEE 1149.1. This standard defines a 
boundary-scan architecture used for in-circuit testing of integrated circuit devices. It is 
commonly known by the initials JTAG.

JTAG See Joint Test Action Group.

JTAG Debug Port (JTAG-DP)
An optional external interface for the DAP that provides a standard JTAG interface for debug 
access.

JTAG-DP See JTAG Debug Port.

LE Little-endian view of memory in both byte-invariant and word-invariant systems. See also 
Byte-invariant, Word-invariant.

Little-endian Byte ordering scheme in which bytes of increasing significance in a data word are stored at 
increasing addresses in memory.

See also Big-endian and Endianness.

Little-endian memory
Memory in which:

• a byte or halfword at a word-aligned address is the least significant byte or halfword 
within the word at that address

• a byte at a halfword-aligned address is the least significant byte within the halfword at that 
address.

See also Big-endian memory.

Load/store architecture
A processor architecture where data-processing operations only operate on register contents, not 
directly on memory contents.

Load Store Unit (LSU)
The part of a processor that handles load and store transfers.

LSU See Load Store Unit.

Macrocell A complex logic block with a defined interface and behavior. A typical VLSI system comprises 
several macrocells (such as a processor, an ETM, and a memory block) plus application-specific 
logic.
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Memory coherency A memory is coherent if the value read by a data read or instruction fetch is the value that was 
most recently written to that location. Memory coherency is made difficult when there are 
multiple possible physical locations that are involved, such as a system that has main memory, 
a write buffer and a cache.

Memory Protection Unit (MPU)
Hardware that controls access permissions to blocks of memory. Unlike an MMU, an MPU does 
not modify addresses.

Microprocessor See Processor.

Monitor debug-mode
One of two mutually exclusive debug modes. In Monitor debug-mode the processor enables a 
software abort handler provided by the debug monitor or operating system debug task. When a 
breakpoint or watchpoint is encountered, this enables vital system interrupts to continue to be 
serviced while normal program execution is suspended. 

See also Halt mode.

MPU See Memory Protection Unit.

Multi-layer An interconnect scheme similar to a cross-bar switch. Each master on the interconnect has a 
direct link to each slave, The link is not shared with other masters. This enables each master to 
process transfers in parallel with other masters. Contention only occurs in a multi-layer 
interconnect at a payload destination, typically the slave.

Nested Vectored Interrupt Controller (NVIC)
Provides the processor with configurable interrupt handling abilities.

NMI See Non-maskable interrupt

Non-maskable interrupt
 A Non-Maskable Interrupt (NMI) can be signalled by a peripheral or triggered by software. 
This is the highest priority exception other than reset. It is permanently enabled and has a fixed 
priority of -2. NMIs cannot be:

• masked or prevented from activation by any other exception

• preempted by any exception other than Reset.

NVIC See Nested Vectored Interrupt Controller.

Penalty The number of cycles in which no useful Execute stage pipeline activity can occur because an 
instruction flow is different from that assumed or predicted.

PFU See Prefetch Unit.

PMU See Power Management Unit.

Power Management Unit (PMU)
Provides the processor with power management capability.

Power-on reset See Cold reset.

PPB See Private Peripheral Bus.

Prefetching In pipelined processors, the process of fetching instructions from memory to fill up the pipeline 
before the preceding instructions have finished executing. Prefetching an instruction does not 
mean that the instruction has to be executed.
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Prefetch Abort An indication from a memory system to the core that an instruction has been fetched from an 
illegal memory location. An exception must be taken if the processor attempts to execute the 
instruction. A Prefetch Abort can be caused by the external or internal memory system as a 
result of attempting to access invalid instruction memory. 

See also Data Abort, Abort.

Prefetch Unit (PFU) The PFU fetches instructions from the memory system that can supply one word each cycle. The 
PFU buffers up to three word fetches in its FIFO, which means that it can buffer up to three 
32-bit Thumb instructions or six 16-bit Thumb instructions.

Private Peripheral Bus
Memory space at 0xE0000000 to 0xE00FFFFF.

Processor A processor is the circuitry in a computer system required to process data using the computer 
instructions. It is an abbreviation of microprocessor. A clock source, power supplies, and main 
memory are also required to create a minimum complete working computer system. 

RW1C Register bits marked RW1C can be read normally and support write-one-to-clear. A read then 
write of the result back to the register will clear all bits set. RW1C protects against 
read-modify-write errors occurring on bits set between reading the register and writing the value 
back (since they are written as zero, they will not be cleared).

RealView ICE A system for debugging embedded processor cores using a JTAG interface.

Reserved A field in a control register or instruction format is reserved if the field is to be defined by the 
implementation, or produces Unpredictable results if the contents of the field are not zero. These 
fields are reserved for use in future extensions of the architecture or are 
implementation-specific. All reserved bits not used by the implementation must be written as 0 
and read as 0.

Scan chain A scan chain is made up of serially-connected devices that implement boundary scan technology 
using a standard JTAG TAP interface. Each device contains at least one TAP controller 
containing shift registers that form the chain connected between TDI and TDO, through which 
test data is shifted. Processors can contain several shift registers to enable you to access selected 
parts of the device.

Serial-Wire Debug Port
An optional external interface for the DAP that provides a serial-wire bidirectional debug 
interface.

Serial-Wire JTAG 
Debug Port

A standard debug port that combines JTAG-DP and SW-DP.

SW-DP See Serial-Wire Debug Port.

SWJ-DP See Serial-Wire JTAG Debug Port.

Synchronization primitive
The memory synchronization primitive instructions are those instructions that are used to ensure 
memory synchronization. That is, the LDREX and STREX instructions.

System memory Memory space at 0x20000000 to 0xFFFFFFFF, excluding PPB space at 0xE0000000 to 0xE00FFFFF.

TAP See  Test access port.

Test Access Port (TAP)
The collection of four mandatory and one optional terminals that form the input/output and 
control interface to a JTAG boundary-scan architecture. The mandatory terminals are TDI, 
TDO, TMS, and TCK. The optional terminal is TRST. This signal is mandatory in ARM cores 
because it is used to reset the debug logic.
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Thread Control Block A data structure used by an operating system kernel to maintain information specific to a single 
thread of execution.

Thumb instruction A halfword that specifies an operation for an ARM processor in Thumb state to perform. Thumb 
instructions must be halfword-aligned.

Thumb state A processor that is executing Thumb (16-bit) halfword aligned instructions is operating in 
Thumb state.

TPA See Trace Port Analyzer.

TPIU See Trace Port Interface Unit.

Trace Port Analyzer (TPA)
A hardware device that captures trace information output on a trace port. This can be a low-cost 
product designed specifically for trace acquisition, or a logic analyzer.

Trace Port Interface Unit (TPIU)
Drains trace data and acts as a bridge between the on-chip trace data and the data stream 
captured by a TPA.

Unaligned A data item stored at an address that is not divisible by the number of bytes that defines the data 
size is said to be unaligned. For example, a word stored at an address that is not divisible by four.

Wake-up Interrupt 
Controller (WIC)

The Wake-up Interrupt Controller provides significantly reduced gate count interrupt detection 
and prioritization logic.

Warm reset Also known as a core reset. Initializes the majority of the processor excluding the debug 
controller and debug logic. This type of reset is useful if you are using the debugging features 
of a processor.

Watchpoint A watchpoint is a mechanism provided by debuggers to halt program execution when the data 
contained by a particular memory address is changed. Watchpoints are inserted by the 
programmer to enable inspection of register contents, memory locations, and variable values 
when memory is written to test that the program is operating correctly. Watchpoints are removed 
after the program is successfully tested. See also Breakpoint.

WIC See Wake-up Interrupt Controller.

Word A 32-bit data item.

Word-invariant In a word-invariant system, the address of each byte of memory changes when switching 
between little-endian and big-endian operation, in such a way that the byte with address A in 
one endianness has address A EOR 3 in the other endianness. As a result, each aligned word of 
memory always consists of the same four bytes of memory in the same order, regardless of 
endianness. The change of endianness occurs because of the change to the byte addresses, not 
because the bytes are rearranged.

The ARM architecture supports word-invariant systems in ARMv3 and later versions. When 
word-invariant support is selected, the behavior of load or store instructions that are given 
unaligned addresses is instruction-specific, and is in general not the expected behavior for an 
unaligned access. It is recommended that word-invariant systems use the endianness that 
produces the required byte addresses at all times, apart possibly from very early in their reset 
handlers before they have set up the endianness, and that this early part of the reset handler must 
use only aligned word memory accesses. 

See also Byte-invariant.

Write buffer A pipeline stage for buffering write data to prevent bus stalls from stalling the processor. 
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