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ANexos

1. Hardware y Firmware
1.1. Electrodos
1.1.1. Electromiografia de superficie

La SEMG tiene la peculiaridad de que los registros obtenidos muestran actividad
poblacional de las unidades motoras, esto es debido a que los electrodos, al estar en la
superficie del musculo, no son capaces de captar la sefial de una sola unidad motora,
sino que por el contrario, captan la informacion de varias UMs [1]. Es por esta razén
que esta técnica no es muy utilizada para diagndsticos médicos muy precisos. Por otro
lado el uso de los electrodos superficiales es mucho mas adecuado para el estudio del
comportamiento promedio de la actividad eléctrica de un musculo o grupo de musculos,
lo cual es muy utilizado para detectar fatiga muscular.

1.1.1.1.  Electrodos superficiales

Estos electrodos son principalmente superficies de metal, sin embargo, debido al estar
en contacto directo con la piel hay que tomar ciertas consideraciones: la piel es un tejido
conductivo cuyo material intracelular y extracelular estd compuesto de soluciones
electroliticas, en la cual la corriente es transportada por iones, mientras que el metal es
un material altamente conductivo, en el cual la corriente es transportada por electrones,
en consecuencia, la interfaz electrodo piel es en si muy ruidosa [2].

Existen varios tipos de electrodos de superficie, estos se dividen principalmente en dos
grandes grupos: electrodos secos y electrodos himedos. Los electrodos himedos son
aquellos en los que entre la placa de metal y la piel se encuentra una substancia
electrolitica o gel conductor, esto se hace con el fin de minimizar el ruido intrinseco que
se genera entre el contacto de la piel y el metal, este gel conductor mejora la
conductividad y el flujo de la corriente.

1.1.2. Electromiografia invasiva

Los masculos del cuerpo estan conformados por varias motoneuronas, las cuales
inervan una zona especifica de las fibras musculares; la electromiografia invasiva se
encarga de obtener el registro del potencial generado por una unidad motora en
particular, es una técnica muy util para diversas especialidades, sobretodo en
rehabilitacién, medicina interna o traumatologia. Sirve para localizar el area lesionada,
concretando si es un problema de una mano, brazo o pierna, o si es algo mas difuso y
definiendo si la lesion es de un musculo, nervio, tronco o raiz nerviosa, 0 mas de uno.
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1.1.2.1.  Electrodos invasivos

Para medir los potenciales generados por las unidades motoras, la electromiografia
invasiva hace uso de electrodos de aguja. Un electrodo de aguja consiste en una delgada
aguja de metal la cual es insertada en el musculo directamente. La figura 71 muestra
distintos tipos de electrodos de aguja [2].
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Figura 71. A) Electrodos de fibra simple, B) Electrodo de aguja concéntrico,
C) Electrodo mono polar, D) Macro electrodo

La amplitud de la sefial registrada por los electrodos de aguja depende del area de
registro que ocupan, asi como tambien de la distancia del electrodo a la fuente de la
sefial (UM) [1]. Siendo la amplitud mas grande mientras el electrodo esta mas cerca de
la unidad motora; la amplitud disminuye mientras mas lejano este el electrodo de la
fuente.

Debido a que la insercion de los electrodos de aguja es bastante dolorosa y ademas
requiere la supervision médica, la electromiografia invasiva se limita a usos clinicos y
de caracter medico, principalmente es usada para diagnosticar enfermedades motoras,
esta caracteristica hace dificil su uso en investigaciones para el desarrollo de protesis ya
gue muchas personas consideran muy molesto el procedimiento de insercion.

1.1.3. Disposicion de los electrodos, forma y tamaiio

Uno de los puntos mas importantes en el EMG de superficie es la localizacion de los
electrodos. Debido a esto, se origind una iniciativa europea para tratar de estandarizar
estos factores: localizacion, tamafio y forma de los electrodos. Es asi que en 1996 surge
el SENIAM (Surface Electromiography for Noninvasive Assessment of Muscles) [5]
para tratar de dar ciertas recomendaciones en cuanto a estas variables.

La distancia inter-electrodo es definida como la distancia centro a centro del area
conductiva de los electrodos.

La forma del electrodo es definida como el area conductora que entra en contacto con la
piel, la mayoria de las referencias bibliograficas coincide en la forma circular como la
mas utilizada.

Las medidas preferidas del electrodo usado en muchas de las publicaciones suele ser de
10mm de diametro.
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Figura 72. a) Histograma del diametro del electrodo. b) Histograma de la distancia inter-electrodo

El SENIAM proporciona una serie de pasos antes de realizar las mediciones de SEMG:

=

Seleccion de los electrodos para SEMG.

2. Preparacion de la piel, usando algun gel conductor o limpiando la zona con
alcohol.

3. Posicionar al paciente en la postura inicial, dicha postura puede ir variando
dependiendo del estudio a realizar.

4. Determinar la localizacion de los electrodos.

5. Fijar los electrodos.

6. Finalmente testear las conexiones.

Estas medidas son bien merecidas, ya que una medicion de SEMG es bastante variable
y es muy dificil repetir experimentos y obtener los mismos valores. Uno de los factores
que interviene es que la amplitud de la sefial de SEMG aumenta en relacion al
desplazamiento longitudinal del electrodo sobre el musculo.
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1.2. Opciones en el disefio
1.2.1. Tension Bipolar:

Debido a que la sefial electromiografica presenta amplitudes en el rango de 1mV, es
necesario hacer una serie de amplificaciones. La cadena de ganancias se muestra en la
Figura 73. Dicha cadena de ganancia deberéd tener una amplificacién de unos 1500
consiguiendo de esta forma una tension de 1,5V. Para lograr las amplificaciones, se
usan amplificadores operacionales en configuracion no inversora.

...............................

Ganancia del amplificador
de instrumentacion :

> >

Ganancia de |z etapa de Ganancia de la Ganancia de |z etapa
pre amplificacion etapa de friltrado de amplificacian final
Figura 73. Diagrama del proceso de amplificacion en cascada del sistema

Un punto importante en el disefio de un prototipo con tension bipolar es el uso de dos
fuentes de alimentacion, de ahi el nombre de “fuente bipolar”; esta caracteristica tiene
ciertas desventajas, y la mas evidente es el uso de dos baterias, esto se debe a las
caracteristicas de los circuitos integrados usados, ya que estos no fueron fabricados para
trabajar a niveles de voltaje mas bajos de 5V.

1.2.2. Tension Unipolar

Uno de los cambios mas significativos en el disefio de un prototipo LVTTL con tension
unipolar respecto al bipolar es el uso de una sola fuente de alimentacion, la cual es de
3.3V, de ahi el nombre LVTTL (Low Voltage Transistor-Transistor Logic). Debido a
que los potenciales de EMG presentan componentes positivos y negativos, es necesario
manejar dos niveles de tension, uno mas positivo y otro menos positivo. Por este motivo
se implementd una referencia o “tierra virtual”. Opciones para la realizacion de dicha
“tierra virtual”:

1°.Mediante un divisor resistivo y un AO con una configuracion como seguidor

de tension.

2°.Mediante un zener regulable.
Esta “tierra virtual” tendra el valor de la mitad de la fuente de alimentacion de 3.3V y es
sobre esta referencia de voltaje que estara montada la sefial de EMG.
Un problema que hay que considerar es el consumo y la vida util de la fuente de
alimentacion que se usara para alimentar al sistema. Al trabajar con baterias se deben de
tener en cuenta algunos aspectos, por ejemplo se debe de mantener un voltaje en la
alimentacion lo méas invariante que se pueda, esto se debe a que el convertidor A/D
tomara como referencia de la conversion los valores de la fuente de alimentacion y si
estos varian con el tiempo, se tendra un dato erroneo al finalizar la conversion. Ademas
se incorporara un circuito para la recarga de dicha bateria mediante conexion USB tipo
mini B.
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1.3. Etapa analogica

1.3.1. Filtro paso bajo de segundo orden

Las caracteristicas mas relevantes de la estructura de Sallen-Key son [14]:

Simplicidad: al estar formada por un nimero minimo de componentes pasivos.
Versatilidad: al poderse adaptar a todas las situaciones posibles, y con la
posibilidad de amplificacion. La red de realimentacion negativa, constituida por
Rs-R4, propicia la estabilidad y la opcion amplificadora, mientras que la red de
realimentacion positiva, integrada por R1-C1-R2-Cz, realiza la funcion selectiva a
la frecuencia caracteristica del filtro, aunque debe garantizarse, en cualquier
circunstancia, la ineludible condicion de estabilidad.

Del andlisis de la dependencia del parametro 3, se deduce que, para facilitar el proceso
de disefio sin perder versatilidad, pueden considerarse iguales las resistencias y con una
relacion c las capacidades, con lo cual:

Ri=R,=R:2—ciC,=C,C=cC L o510 F2c
= = ;T =C: = , =ct — w, = = 4LTT ; =
1 2 C1 1 2 n \/ERC n 2\/2
Se ha elegido que el filtro tendra una ganancia unidad, por lo que:
Ry 1 , ,
K=1+—=1->R;=0;f,=———,siendoc =6

R, 2m\/cRC

Para la eleccion del valor de & se tiene en cuenta la sobreoscilacion, la siguiente grafica
muestra la relacion de este valor  y la ganancia donde se puede apreciar si existe 0 no
sobreoscilacion.

A

< Arg.G

e

= > 1800
£,/10 f,ff, 10f, f £,/10 f, of, r

Figura 74. Efecto de 6 en el filtro paso bajo
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1.3.2. Filtro paso bajo de segundo orden

Del andlisis de la dependencia del parametro & [14], se deduce que, para facilitar el
proceso de disefio sin perder versatilidad, pueden considerarse iguales los
condensadores y con una relacion r las resistencias, con lo cual:

R, 1
¢c,=C,=C;—=r:R,=R,R,=rR- -
e Ry ! 2 Jn 2mVIRC

s _TA—K) +2 1L
= —paraK=1- § =—
o P 7

De forma analoga como se hizo con el filtro paso bajo de segundo orden, existe la
relacion de & con la ganancia:
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Figura 75. Efecto de 6 en el filtro paso alto

1.3.3. Filtro Notch

Con la combinacidn de estas ecuaciones se obtiene la funcién de transferencia [6]:

1 2
Vo (s) CRZ TS
G(s) = 70 =7 >
t (CT)Z + ms + 52
Donde:
_ 1
“o = Re

Pagina 67 de 125



Escuela de Sensor EMG para biofeedback en fisioterapia

Ingenieria y Arquitectura

Universidad Zaragoza Rafael Fernandez Gémez

1.4, Simulaciones de las etapas analogicas

Para las simulaciones de los filtros utilizados en el prototipo se ha usado el programa
OrCaD Capture CIS v16.3.

1.4.1. Filtro paso alto de segundo orden a 20Hz

Para el filtro paso alto de segundo orden se ha simulado el circuito electrénico del
apartado 2.6 de la memoria.

DR(UCUZAOUT))

™ 3.z 1z amiz 10042 300Kz 1Nz
PU(UZAzOUT))
Frequency

Figura 76. Filtro paso alto a 20Hz de segundo orden

Cursor en la frecuencia de corte:

Trace Cursori
X Value 20,015
P(V{U2A:0UT)) [91.050
DB{V(U24:0UT)) | -3.2049
Figura 77. Datos en la frecuencia de corte del filtro paso alto de segundo orden

Se puede apreciar que para la frecuencia de corte de 20Hz se tienen los -3dB y un
desfase de 90°.

Comprobacién de la caida en dB en una década:

Trace Curzor1 | Cursor2

XValue 1.00040 10.000
P{V{U24:0UT)) |175.965 |137.081
DB(V(U24:0UT)) | -52.282 |-12557
Figura 78. Caida en dB en una década del filtro paso alto de segundo orden

Se puede observar en la fila de los dB como existe una caida de 40db por década,
caracteristico de un filtro de segundo orden.
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1.4.2. Filtro paso bajo de primer y segundo orden a 500Hz

1°" orden:

Para el filtro paso bajo de primer orden se ha simulado el circuito electronico del
apartado 2.6 de la memoria.

16z
PCU(E2:2)) .
requency

Figura 79. Filtro paso bajo a 500Hz de primer orden

Cursor en la frecuencia de corte:

Trace Cursori Trace Cursori

X Value 500408 XValue |[431.32
P{W(C2:2)) | 46.056 P{WV(C2:2)) | 44.042
DB(V(C2:2)) [ -3.1735 DB(W(C2:2)) [ -3.0013

Figura 80. Datos en la frecuencia de corte del filtro paso bajo de primer orden

Como se puede observar la frecuencia de corte realmente estd en 480Hz que es la
frecuencia donde existe una caida de -3dB, esto es debido a la diferencia del valor
exacto en la resistencia usada, ya que estamos limitados con valores comerciales de
dicho componente, ademas de un desfase de -45°.

Comprobacion de la caida en dB en una década:

Trace

Curszori

Cursor2

X Value

1.0000K

10.000K

P(V(C2:2))

-54.253

-87.235

DB(V(CZ:2))

-7.2421

-26.344

Figura 81. Caida en dB en una década del filtro paso bajo de primer orden

Se puede contemplar en la fila de los dB como existe una caida de 20db por década,
caracteristico de un filtro de primer orden.
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Para el filtro paso bajo de segundo orden se ha simulado el circuito electrénico del
apartado 2.6 de la memoria.

DBEU(C:2))

10z
PLUCE:2))

amz

10812

Cursor en la frecuencia de corte:

anmnz

Frequency

18Kz

Figura 82. Filtro paso bajo a 500Hz de segundo orden

Trace Curszor Trace Cursor
X Value | 500408 X Value |475.450
P{V(C:2)) | -O3.571 P{W(C:2)) | -B9.969
DB(W(C:2)) | -3.4098 DB{V(C:2)) | -3.0062

Figura 83. Datos en la frecuencia de corte del filtro paso bajo de segundo orden

En semejanza con lo que se ha mencionado en el apartado anterior, en éste caso también
ocurre que la frecuencia de corte real esta en los 480Hz y con un desfase en este caso de

-90°.

Comprobacién de la caida en dB en una década:

Se puede contemplar en la fila de los dB como existe una caida de 40db por década,

Trace Cursgori | Cursor2
X Value | 1.0000K | 10.000K
P{W(C:2)) | -138.710 | -176.315
DB(W(C:2)) | -13.015 |-52.793

caracteristico de un filtro de primer orden.

Figura 84. Caida en dB en una década del filtro paso bajo de segundo orden
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1.4.3. Comparacion entre ambos 6rdenes del filtro paso bajo

En este caso se superponen ambos filtros, dando como resultado la figura 79.

SELYY

DR{U(E2:2)) © DR(U(E:R))

104z
POU(E232)) @ PQU(E:))

3z

10wz

3004z

Frequency

1.8KkHz

Figura 85. Comparacion entre diferentes 6rdenes en el filtro paso bajo

Cursor en la frecuencia de corte:

Trace Cursori Trace Cursori
X Value | 500408 X Value |481.3128
P{W(C2:2)) | -46.056 PIV(C2:2)) | -44.942
P{V(C:2)) | -93.571 P(V(C:2)) | -90.422

DB{W(C2:2)) [ -3.1735 DB{W(C2:2)) | -3.0018
DB{W(C:2)) |-3.4098 DB(W(C:2)) |-3.05580

Figura 86. Datos en la frecuencia de corte del filtro paso bajo

Comprobacién de la caida en dB en una década:

Trace

Curzori

Cursor2

X Value

1.0000K

10.000K

P(V(C2:2))

-54. 253

-87.235

P(V(C:2))

-138.710

-178.315

DB(V(C2:2))

-7.2421

-26.344

DB(V(C:2))

-13.015

-52.753

Figura 87. Caida en dB en una década del filtro paso bajo de primer y segundo orden

Una eleccion de un filtro de mayor orden siempre serd mas beneficiosa, pero es mas
caro ya gue se requiere de una mayor cantidad de componentes para su implementacion.
En el prototipo alfa se han incluido ambos para su comparacion.

Para el prototipo beta se implementara el filtro paso bajo de primer orden, como se
puede apreciar en la figura 6 la potencia de la sefial EMG a éstas frecuencias es muy
baja, por lo que no es critico el uso de un filtro con un orden alto.
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1.4.4. Filtro notch

Para el filtro notch se ha simulado el circuito electrénico del apartado 2.6 de la
memoria.

BB{U(UIB:0UT))

10KHZ

ERH 104z 30Hz 1804z 300z 1.0KHz ERTH

0Hz
PLUCUIBZ0UT)) .
requency

Figura 88. Frecuencia de aplicacion del filtro Notch

1

Frecuencia de aplicacion del filtro notch:

Trace Cursor1

X Value 48382
P(V{U1B:0UT)) [-181.055
DB(V{U1B:0UT)) | -26.612
Figura 89. Datos en la frecuencia de aplicacion del filtro Notch

Frecuencias de corte de aplicacion en el filtro notch:

seL> [T

DR{UCUIB:0NT))

1.0z 3004z 1z

1.z
PAUCUIBZONT)) .
requency

Figura 90. Frecuencias de corte del filtro Notch

Trace Cursor1 | Cursor2
X Value 15.023 110,825
P(V(U1B:0UT)) | 45739 |-309.927
DB{V(U1B:0UT)) | -3.0263 |-3.0143
Figura 91. Datos en las frecuencias de corte del filtro Notch

La implementacion o no del filtro notch depende del posible ruido electrénico ambiental
que se tenga, ya que en la frecuencia de aplicacion del filtro notch se tiene una potencia
de la sefial EMG muy alta. Por lo que para el prototipo se ha decidido poder puentear o

no este filtro de forma manual.
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1.4.5. Toda la etapa analégica con y sin filtro notch

Se ha simulado la etapa de acondicionamiento de la sefial EMG con una ganancia de
760 y 2500 dando los siguientes resultados:

5§

" o ba(uRe:2))

-np6d

-860d
100nHz 1.6Hz 10Hz 100Hz 1.0KHzZ 18KHz 106KHZ
o P(U(U2B:0UT))

Frequency

Figura 92. Etapa analdgica con filtro Notch con ganancia de 760

o DB(U(R11:2))

-196d

-gaed
106mHz 1.8Hz 18Hz 186Hz 1.08KHZ 10KHZ 100KHZ
& P{U(RY:2)}

Frequency

Figura 93. Etapa analdgica con filtro Notch con ganancia de 2500
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o DBU(R11:2))

188nHz 1.68Hz 10Hz 1086Hz 1.0KHz 10KHz 180KHz
o P{U{UZB:0UT))
Frequency

Figura 94. Etapa analdgica sin filtro Notch con ganancia de 760

O DB{U{U2B:O0UT))

180d

ad

S

-190d

106nHz 1.0Hz 16Hz 180Hz 1.0KHz 10KHz 100KHzZ
o P{U{R9:2})

Frequency

Figura 95. Etapa analdgica sin filtro Notch con ganancia de 2500
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Planos
2.3. Grove

2.3.2. Esquematico
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2.4. Prototipo alfa

2.4.1. Esquematico
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2.4.2. PCB

Constraints

Minimum Clearance  N/A

h

Arc Track | SMD Pad| TH Pad Via Fill Poly | Region | Text
Arc
Track  |0.254  0.254
SMDPad|0254 0254  0.203
THPad |0.254 0254 0254 0.254

Via 0.254 0.254 0.254 0.508 0.254

Fill 0305 0305 0305 0.508 0305 0305

Paly 0305 0305 0305 0.508 0305 0305 0305

Region |0305 0.305 0.305 0.508 0305 0.305 0305 0.305

Text 0305 0305 0305 0,508 0305 0305 0305 0305 0305

Figura 96. PCB Rules

Las distancias estan en mm.

24.2.1. Cara TOP

Figura 97. Cara TOP de la PCB del prototipo alfa

24.2.2. CaraBOTTOM

Figura 98. Cara BOTTOM de la PCB del prototipo alfa
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2.5.2. PCB

25.2.1. Cara TOP

252.2. CaraBOTTOM

Figura 100. Cara BOTTOM de la PCB del prototipo beta
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3. PSoC Creator 4.0

3.1. Esquematico

BLE

BLE Component is configured as
a Beacon in non-connectable
advertisement mode with no

timeout (continuous transmission).
BLE

BLE

€3 Bluetooth'

4‘ 2 SMART

Figura 101. Bloque Bluetooth Low Energy en PSoC

Control Mux

[om] ControlEMGH1
lam| ControlEMG2

Figura 103. Bloque del control de los Multiplexores en PSoC

Sensor EMG para biofeedback en fisioterapia
Rafael Fernandez Gomez

LEDs

El LED Rojo indica una alta presion ejercida

El LED Verde indica que tiene nuevos paquetes UID
El LED Amarillo indica que existen contracciones en el
musculo medido con el sensor EMG

T

UID_LED GREENR !

o= e —j— /e

820 !

CricalEMG LED NG

820 |

wCriticalPressure LED "
1.8K

Figura 102. Bloque de interfaz Led en PSoC

Watch Dog Timer

Watchdog timer is used for waking up
the system when the system is in low
power mode.

WDT
Global Signal

WDT——{+|WDT_lInterrupt

Figura 104. Bloque del Watch Dog Timer en PSoC

AOs y ADC -
ADC SAR Seq
sdonef-
Opamp1 eocre
Opamp
EMGSensor1 ) 10
PressureSensor1 [ +
— -1
EMGSensor2 [ u &
Opamp?2 —H3 _SAR
Opamp Grove1 [l =N 12-bit
PressureSensor2 [ + Grove2 [ ufs
— %
v
Vss

Figura 105. Bloque de los AOs y del CAD en PSoC
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3.2. Configuracion de pines y bloques de analdgica

3.3v

OVTIO

ovTIO

33v

3.3v

2

VDDD
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XTAL321/P6[1]
XRES

Pa[0]

PA[1]

P5[0]

P5[1]

VSSD

VDDR

GANT1

ANT

GANT2

VDDR

Figura 106.
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VSSA

XTAL24I

ControlEMG2
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y
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Configuracion de pines en el microcontrolador

Mame

Port

=
™
™
™
-
B @
=
B
B
=
=

Lock

<< << R <

<< R << Fi <]

Figura 107. Lista de los pines usados en el microcontrolador
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e (L)

Figura 108. Configuracion de la analdgica interna del microcontrolador
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3.3. Software

A continuacion se adjunta toda la programacion en C de los archivos que compone
nuestro prototipo beta, partiendo del cddigo de ejemplo: PSoC_4 BLE_Eddystone.

3.3.1. Main.c
/*********************************************************************
* Project Name : PSoC 4 BLE Eddystone
* File Name : main.c
* Version : 1.0
* Device Used : CYB8C4248LQI-BL583
* Software Used : PSoC Creator 3.3 CP2
* Compiler : ARM GCC 4.9.3, ARM MDK Generic
* Related Hardware : CY8B8CKIT-042-BLE-A Bluetooth Low Energy
Pioneer Kit
* Owner : DEJO

*

R e S b e dh b e S dh I S b A A SR B S S S S S S S R S S S B R S S e S I ah b S R I S IR B S SR i S SR S b R S S R S B R S S R S g a4

* Copyright (2016), Cypress Semiconductor Corporation. All Rights

Reserved.
*********************************************************************/

/*********************************************************************

* THEORY OF OPERATION

Rk b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b a4
* This project implements a BLE beacon based on Google’s Eddystone
protocol.

* To view the beacon on an android device use Locate Beacon (or any
other beacon

* scanning app) .
*********************************************************************/
#include <project.h>

#include <stdbool.h>

#include "WatchdogTimer.h"

#include "main.h"

#include "Eddystone.h"

#include "EMGyPressure.h"

#include "LiquidCrystal I2C.h"

#include <stdio.h>

/*********************************************************************

* Global Variable Declaration
*********************************************************************/

/* This counter keeps track of total number of advertisement packets
*  transmitted. */
static uint32 advPacketCount = 0;

/* This flag when true stops BLE for advertising. */
static bool stopAdv = false;

/* To decide whether to have connectable or non-connectable adv */
static bool startConnAdv = false;
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/*********************************************************************
* Function Name: WCO ECO LowPowerStart
PR e e e b b b b b b b i b b b b b b b b b i b b b b b b b b b b e i e b b b A i

*

Summary:
This function is used to handle the WCO and ECO clock during the
stabilization process.

*

*

*

*

* Parameters:
* none

*

* Return:

* none

*
*

********************************************************************/

void WCO_ECO_LowPowerStart (void)

{
/* Setup counter0 for WCO startup */
WDT_Initialize(CY_SYS_WDT_COUNTERO, WCO_STARTUP_PERIOD);

/* Start the WCO clock */
CySysClkWcoStart () ;

/* WCO takes 500ms to stabilize. Enable counter 0 to trigger an
interrupt

* after 500ms. This helps to keep the device in low power mode
for 500ms.

*/

WDT EnableCounter (CY SYS WDT COUNTERO MASK) ;

/* Put the system in deepsleep and Wait for the WDT counter 0
interrupt to

* wake up the device. On wakeup WCO is up & running */

CySysPmDeepSleep () ;

/*Unlock the WDT registes*/
CySysWdtUnlock() ;

/* Switch WCO to the low power mode after startup */
CySysClkWcoSetPowerMode (CY SYS CLK WCO_ LPM) ;

/* LFCLK is now driven by WCO */
CySysClkSetLfclkSource (CY SYS CLK LFCLK_ SRC _WCO) ;

/* WCO is running, shut down the ILO */
CySysClkIloStop();

/*Lock the WDT registes*/
CySysWdtLock() ;

/* Disable counter 0 */
WDT DisableCounter (CY SYS WDT COUNTERO MASK) ;

/* Setup counter0 for ECO startup */
WDT Initialize(CY SYS WDT COUNTERO, ECO STARTUP PERIOD) ;

/* WCO is stabliized and It's time to start ECO */
CySysClkEcoStart (0) ;
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/* ECO takes ~3msec to stabilize. Enable counter 1 to trigger an
interrupt
* after 3.5msec. This helps to keep the device in low power mode
for
* 3.bmsec and don't let PMIC to discharge. If we don't do this,
PMIC drains
*  out */

/* Enable WDT's counter 0 to generate an interrupt after 3.5
mseconds */
WDT EnableCounter (CY SYS WDT COUNTERO MASK) ;

/* Put the system in deepsleep and Wait for the WDT counter 0
* dinterrupt to wake up the device. On wakeup ECO is up & running

*/
CySysPmDeepSleep() ;
/* Both ECO and WCO are stabilized. Disable the counter 0 */
WDT_DisableCounter(CY_SYS_WDT_COUNTERO_MASK);

}

/*********************************************************************
* Function Name: Initialization

R e b b b b b b S I b b b b b S S db b b b b b b S b 2 S S b b b b S S S b b b b b b b d b b b b b b b S a2 b b b b b db dh dh db b b (g
*

Summary:
This function is used to intialize all blocks of the application

Parameters:
none

*
*
*
*
*
*
* Return:
* none
*

*

********************************************************************/
void Initialization(void)
{

/* Set the divider for ECO, ECO will be used as source when IMO is
switched
* off to save power, to drive the HFCLK */
CySysClkWriteEcoDiv(CY SYS CLK ECO DIV8);

/* Do the following for achieving lowest possible WCO & ECO
startup current:
* 1. Shut down the ECO (to reduce power consumption while WCO is

starting)
* 2. Enable WDT counter 0 to wakeup the system after 500ms
* (500ms = WCO startup time)

* 3. Configure PSoC 4 BLE device in DeepSleep mode for the 500ms
WCO
startup time
* 4, After WCO is enabled, restart the ECO so that BLESS
interface can
* function
5. Enable WDT counter 1 to wakeup the system after I1ms
(lms = ECO startup time)
5. Configure PSoC 4 BLE device in DeepSleep mode for the 1lms
ECO startup
* time */

* % X
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/* Shutdown the ECO and later re-start in low power mode after WCO
is turned

* on. */

CySysClkEcoStop() ;

/* Initialize WDT interrupt */
WDT Interrupt StartEx(WDT_ Handler);

/* Enable WCO & ECO in low power mode using WDT counter 0/1 as
system wakeup

* sources respectively */

WCO_ECO_ LowPowerStart();

/* Start BLE component and register the EddystoneEventHandler
function. This

* function exposes the events from BLE component for application
use. */

CyBle Start (EddystoneEventHandler);

cyBle attValuesLen[l16].actuallength = DEFAULT URL LENGTH;

/* Start the ADC component for temperature and battery
measurement. */
ADC_Start();

/* Put ADC to sleep and wake it up onlu formeasurements. */
ADC Sleep();

//Inicializacidén de los AOs
Opampl Start();
Opampl SetPower (Opampl HIGHPOWER) ;

Opamp2_ Start();
Opamp2 SetPower (Opamp2 HIGHPOWER) ;
}

/*********************************************************************
* Function Name: LowPower
dAhkkhkhkkhhkkhhkhhkhhkhhkhkhkhkkhhkhkhkhhkhhkhhkhkhkhkkhkhkhkhk bk kbbb hkhkhkhhk bk hkhkhkhkkhk kb hkhhk kK khkhkhkkx*x
*

* Summary:
* This function is used to set the BLESS and CPU in low power mode
in between

the advertising/connection intervals

Parameters:
none

*
*
*
*
* Return:
* none
*

*

********************************************************************/

void LowPower (void)

{
CYBLE LP MODE T pwrState;
CYBLE BLESS STATE T blessState;
uint8 intStatus = 0;

/* Configure BLESS in Deep-Sleep mode */
pwrState = CyBle_EnterLPM(CYBLE_BLESS_DEEPSLEEP);
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/* No interrupts allowed while entering system low power modes */
intStatus = CyEnterCriticalSection();

/* Get current BLE state. */
blessState = CyBle GetBleSsState();

/* Make sure BLESS is in Deep-Sleep before configuring system in

Deep-Sleep
*/
if (pwrState == CYBLE BLESS DEEPSLEEP)
{
if (blessState == CYBLE BLESS STATE ECO ON || blessState ==

CYBLE BLESS STATE DEEPSLEEP)

{
/* System Deep-Sleep. 1.3uA mode */
CySysPmDeepSleep() ;
}
}
else if (blessState != CYBLE BLESS STATE EVENT CLOSE)
{

/* Change HF clock source from IMO to ECO, as IMO can be

stopped to save

}

*  power. */
CySysClkWriteHfclkDirect (CY SYS CLK HFCLK_ECO) ;

/* Stop IMO for reducing power consumption */
CySysClkImoStop () ;

/* Put the CPU to Sleep. 1.lmA mode */
CySysPmSleep() ;

/* Starts execution after waking up, start IMO */
CySysClkImoStart () ;

/* Change HF clock source back to IMO */
CySysClkWriteHfclkDirect (CY SYS CLK HFCLK IMO);
}

CyExitCriticalSection(intStatus);

/*********************************************************************

* Function Name: GetAdvPacketCount
dAhkkhkhkkhhkkhkhkhhkhhkhhkhkhkhkkhkhkhkhkhhkhhkhhkhhkhkkhhk bbbk kbbb hkhkhkhkhkhhk kb hkhkhhkhkhhkhkhkhkkk*x*k

*

*
*
*
*
*
*
*
*
*
*

Summary:

This function returns value of advPacketCount.

Parameters:

none

Return:

uint32: returns value of advPacketCount

********************************************************************/

uint32 GetAdvPacketCount (void)

{
}

return advPacketCount;
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/*********************************************************************

* Function Name: SetAdvPacketCount
PR e e e b b b b b b b i b b b b b b b b b i b b b b b b b b b b e i e b b b A i

*

Summary:
This function sets value of advPacketCount.

*
*
*
* Parameters:

* uint32: returns value of advPacketCount
*

*

*

*

*

Return:
none

********************************************************************/
void SetAdvPacketCount (uint32 wvalue)

advPacketCount = wvalue;

}

/*********************************************************************

* Function Name: IncrementAdvPacketCount
R b i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b o i b i b i b i b o b b b i b b b b b b b b

*

Summary:
This function keeps track of adv packets based on BLESS states.

*

*

*

* Parameters:
* none

*

* Return:

* none

*

*********************************************************************/

void IncrementAdvPacketCount (void)
{
static bool advOnGoing = false;
CYBLE BLESS STATE T blessState;

/* Get current BLE state. */
blessState = CyBle GetBleSsState();

if(CyBle_GetState() == CYBLE_STATE_ADVERTISING)
{
if ( (blessState == CYBLE_BLESS_STATE_ACTIVE) |
(blessState == CYBLE BLESS STATE ECO ON) ||
(blessState == CYBLE BLESS STATE ECO STABLE))
{
advOnGoing = true;
}
else
{

/* Counts the number of packets that were advertised since
power on.

* It misses the count(by 1) when advertisement is stopped
and

* started again to change the frames. Increment
advPacketCount only

* when an advertisement is completed. */

if (advOnGoing == true)

{

/* Increament advertisment packet count. */
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advPacketCount++;
if (advPacketCount == 0)
{
/* SecCnt should be zero if advPacketCount is
reset */
SetSecCnt (0) ;
}
}
advOnGoing = false;
}
}
}

/*********************************************************************

* Function Name: main
R I b b b b b b b b b b b b b b b b I b b b b b b b b b b I b b b I b b b b b b b b b b b b I b b b b b b b b b b b b b b b b b b a4

*
Summary:
Main function.

*

*

*

* Parameters:
* None

*

* Return:

* None

*

*********************************************************************/
int main()
{

/* Enable global interrupt mask */

CyGlobalIntEnable;

/* This function will initialize the system resources such as BLE
and ADC */
Initialization();

while (1)

{
//Actualizacién de los valores del CAD
MeasureEMGyPressure() ;

/* Process BLESS states */
IncrementAdvPacketCount () ;

/* BLE stack processing state machine interface */
CyBle ProcessEvents();

/* Put CPU and BLESS to low power mode */
LowPower () ;

if (stopAdv && (CyBle_GetState() == CYBLE_STATE_ADVERTISING))
{

//Reset the stop advertisement flag.

stopAdv = false;

//Stop advertisement.

CyBle GappStopAdvertisement();

}
/* [] END OF FILE */
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3.3.2. Main.h

/****************************************

* Project Name : PSoC 4 BLE Eddystone

* File Name : main.h
****************************************/

#ifndef MAIN H
#define MAIN H

#include <project.h>
#include <stdbool.h>

/*********************************************************************

* Macros and Constants
*********************************************************************/

#define YES (1)

#define NO (0)

#define LED ON (1)

#define LED OFF (0)

#define TEMPERATURE_SENSOR_ENABLE (NO)

#define BATTERY_MEASUREMENT_ENABLE (NO)

#define WCO_STARTUP_PERIOD ((uint32) (32767 / 2)) /* 500
msec */

#define ECO_STARTUP PERIOD ((uint32) (32 * 3.5)) /* 3.5
msec */

/*********************************************************************

* Function prototype
*********************************************************************/

void LowPower (void) ;

void SetAdvPacketCount (uint32 wvalue);
uint32 GetAdvPacketCount (void) ;

bool IsConnAdvStart(void):;

#endif /* MAIN H  */

/* [] END OF FILE */
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3.3.3. EMGyPressure.c

/****************************************

* Project Name : PSoC 4 BLE Eddystone

* File Name : EMGyPressure.c
****************************************/

#include "main.h"
#include "EMGyPressure.h"

/* Stores measured EMG y Pressure */
static uintl6 measuredsignalEMGI1;
static uintl6 measuredsignalEMG2;
static uintl6 measuredsignalPressurel;
static uintl6 measuredsignalPressure2;
static uintl6 measuredsignalGrovel;
static uintl6 measuredsignalGrove?2;
static uint8 Pressurel;

static uint8 Pressure2;

uint8 x=0;

/*********************************************************************
* Function Name: MeasureEMGyPressure
R IR I b b db b S dh b b S S b b S I b S S b b dh S b S db b b dh Sb b S Sh b b dR I b S db b SR Sb b b db b b dh Sb b b Ih b b dR S b S db b dh Sb b g 4
*
Summary:
Esta funcidén recibe los datos del sensor EMG y de Presidn
del CAD en mV. Y posteriormente se tratan estas medidas.

*

*

*

*

* Parameters:
* None

*

* Return:

*  None

*
*

********************************************************************/

void MeasureEMGyPressure (void)

{
intl6e ADCResultEMG1,ADCResultPressurel,ADCResultGrovel;
intl6 ADCResultEMG2,ADCResultPressure?,ADCResultGrove?2;

/* Wakeup ADC from sleep for measurements. */
ADC Wakeup () ;

/* Enables injection channel and performs a measurement. */
ADC StartConvert();
ADC IsEndConversion(ADC WAIT FOR RESULT) ;

//Recogida de los datos del CAD y su posterior conversidén a mV
ADCReSultEMG1=ADC_GetReSult16(ADC_EMGl_CHANNEL);

measuredsignalEMG1=ADC CountsTo mVolts(ADC EMGl CHANNEL,ADCResul
tEMG1) ;

ADCResultPressurel=ADC_ GetResultl6 (ADC Pressurel CHANNEL) ;

measuredsignalPressurel=ADC CountsTo mVolts (ADC Pressurel CHANNE
L,ADCResultPressurel) ;
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ADCResultEMG2=ADC GetResultl6 (ADC_ EMG2 CHANNEL) ;

measuredsignalEMG2=ADC CountsTo mVolts (ADC_ EMG2 CHANNEL,ADCResul
tEMG2) ;

ADCResultPressure2=ADC_ GetResultl6 (ADC Pressure2 CHANNEL) ;

measuredsignalPressure2=ADC CountsTo mVolts (ADC Pressure2 CHANNE
L,ADCResultPressure?) ;

ADCResultGrovel=ADC GetResultl6 (ADC Grovel CHANNEL) ;

measuredsignalGrovel=ADC CountsTo mVolts (ADC Grovel CHANNEL,ADCR
esultGrovel) ;

ADCResultGrove2=ADC GetResultl6 (ADC Grove2 CHANNEL) ;

measuredsignalGrove2=ADC CountsTo mVolts (ADC Grove2Z CHANNEL,ADCR
esultGrove?2) ;

/* Put ADC to sleep after measurements are done. */
ADC Sleep();

//Limites en ambos extremos para asegurarnos un dato correcto
if (measuredsignalEMG1>0x0ce?) measuredsignalEMGl=0x0ce?2;
else if (measuredsignalEMG1<0x0001) measuredsignalEMG1=0x0000;

if (measuredsignalEMG2>0x0ce”) measuredsignalEMG2=0x0ce2;
else if (measuredsignalEMG2<0x0001) measuredsignalEMG2=0x0000;

if (measuredsignalPressurel>0x0ce?) measuredsignalPressurel=0x0ce2;
else if (measuredsignalPressurel<0x0001)
measuredsignalPressurel=0x0000;

if (measuredsignalPressure2>0x0ce?) measuredsignalPressure2=0x0ce?2;
else if (measuredsignalPressure2<0x0001)
measuredsignalPressure2=0x0000;

if (measuredsignalGrovel>0x0ce?) measuredsignalGrovel=0x0ce?;
else if (measuredsignalGrovel<0x0001) measuredsignalGrovel=0x0000;

if (measuredsignalGrove2>0x0ce?) measuredsignalGrove2=0x0ce?2;
else if (measuredsignalGrove2<0x0001) measuredsignalGrove2=0x0000;

//Tratamiento de la sefial obtenida
//Resultado en hexadecimal en g/cm”"2
Pressurel=(measuredsignalPressurel/23.52);
Pressure2=(measuredsignalPressure2/23.52);
//Deteccidén de un valor alto de presidn
if ((Pressurel)>0x70 || (Pressure2)>0x70)
CriticalPressure LED Write(l);
else CriticalPressure LED Write(0);

//Deteccidén de un valor alto de EMG

if (measuredsignalEMG2>0x723) //1827mV
{CriticalEMG LED Write(l);}

else {CriticalEMG LED Write(0);}
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//Cambio entre los diferentes EMGs,
multiplexores
if (x==1
{
ControlEMGl Write(l);
ControlEMG2 Write(1l);

-

x=Uy
} else{
ControlEMGl Write(0);
ControlEMG2 Write(0);
x=1;
}

}

//Funciones de recogida de los datos
uintlé GetMeasuredEMG1 (void)

{ return measuredsignalEMGI1;
iintl6 GetMeasuredEMG2 (void)

{ return measuredsignalEMG2;
iint8 GetMeasuredPressurel (void)
{ return Pressurel;

iint8 GetMeasuredPressure2 (void)
{ return Pressure2;

iintl6 GetMeasuredGrovel (void)

{ return measuredsignalGrovel;
iintl6 GetMeasuredGrove2 (void)

{

return measuredsignalGrove?2;

}

/* [] END OF FILE */

Sensor EMG para biofeedback en fisioterapia
Rafael Fernandez Gomez

activacién o desactivacidén de los

’

’
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3.3.4. EMGyPressure.h

Sensor EMG para biofeedback en fisioterapia
Rafael Fernandez Gomez

/****************************************

* Project Name : PSoC 4 BLE Eddystone

* File Name : EMGyPressure.h

****************************************/

#ifndef _ TEMPERATURE H
#define _ TEMPERATURE H

#include <project.h>
#include <stdbool.h>

/*********************************************************************

* Constants

*********************************************************************/

#define ADC_EMG1_ CHANNEL
#define ADC_EMG2 CHANNEL
#define ADC Pressurel CHANNEL
#define ADC Pressure2 CHANNEL
#define ADC Grovel CHANNEL
#define ADC Grove2 CHANNEL

0

O w N

/*********************************************************************

* Function Prototypes

*********************************************************************/

void MeasureEMGyPressure (void) ;
uintl6 GetMeasuredEMGI1 (void) ;
uintl6 GetMeasuredEMG2 (void) ;
uint8 GetMeasuredPressurel (void) ;
uint8 GetMeasuredPressure? (void) ;
uintl6 GetMeasuredGrovel (void) ;
uintl6 GetMeasuredGrove2 (void) ;

#endif

/* [] END OF FILE */
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3.3.5. Eddystone.c

/****************************************

* Project Name : PSoC 4 BLE Eddystone
* File Name : Eddystone.c

****************************************/

#include <project.h>
#include <stdbool.h>
#include <string.h>
#include "Eddystone.h"
finclude "WatchdogTimer.h"
finclude "EMGyPressure.h"
finclude "main.h"

#define LOCK CODE_LENGTH 16
#define MAX URL_LENGTH 19
#define DEFAULT URL LENGTH 9
#define CONNECTABLE STATE TIMEOUT 30

#define CONNECTABLE STATE ADV INTERVAL MIN 0x0O0AOQ
#define CONNECTABLE STATE ADV INTERVAL MAX 0xO00AQ

/*********************************************************************

* Global Variable Declaration
*********************************************************************/

// The default URL
const uint8 DefaultURL[MAX_URL_LENGTH] = DEFAULT URL;

// The default beacon lock key
const uint8 LOCK[LOCK CODE LENGTH] = {
0x00, 0x00, 0x00, 0xO0O0,
0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00
};

// To decide whether to have TLM packets interleaved or not
static bool isEddystoneTLMPresent = true;

// Selection of UID/URL
static EDDYSTONE ROLE T eddystoneImplenmentation = EDDYSTONE UID;

// Select between UID/URL or TLM
static EDDYSTONE ROLE T beaconCurrentRole = EDDYSTONE UID;

// Stores the current URL being advrtised
uint8 CurrentURL[MAX URL LENGTH] = DEFAULT URL;

// Stores the current URL length being advrtised
uint8 URLLength = DEFAULT URL_ LENGTH;

// Stores the current tx power mode
uint8 currentTxmode = TX POWER MODE LOW;
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// Stores the current advertised tx power levels
uint8 currentTxPowerLevels[MAX NUM PWR LVL] = {

PWR_LVL NEG 18 DBM,
PWR_LVL NEG 6 DBM,
PWR_LVL 0 DBM,
PWR_LVL 3 DBM
};

// Stores the current non-connectable adv interval
uintlé CurrentAdvPeriod = DEFAULT BEACON PERIOD;

// Stores the current URL flags
uint8 DefaultURLFlags = DEFAULT URL FLAG VALUE;

//Advertising data when GAP Reol:Peripheral (connectable)
CYBLE GAPP _DISC DATA T CyBleConnectableAdvData =

{
{
0x02u, // Length of flags
0x01lu, // Flags
0x06u, // Flag data
0x0Du, // length of Local name
0x09u, // Local name
'c',
|Y|’
1 1
IEI:
'd',
'd',
|y|’
'S',
't',
'O',
|n|,
lel
}, // uint8 advertising data[CYBLE MAX ADV_ DATA LEN]
0x1lu, // uint8 adv_data length
};

// True 1f an error response is send
static bool errorSent;

/*********************************************************************

* Function Name: WriteAttributeValue

R I I b b b b b dh I S b b b b b b b db e b b b b b SR g S b b b b b b S S 2 b b b b b b I b b b b IR S g 2 b b b b b b S S g e b b
* Summary:

* Writes a specified attribute value of certian length to the
appropriate

* attribute handle present in the GATT DB

* Parameters:

* CYBLE GATT DB ATTR HANDLE T : GATT DB Attribute Handle Type

* uint8 : length of data

* uint8* : data buffer

* uint8 . flags

* Return:

* CYBLE GATT ERR CODE T : returns the write operation error
code

*

*********************************************************************/
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CYBLE GATT ERR CODE T WriteAttributevValue  (
CYBLE GATT DB ATTR HANDLE T
attributeHandle,
uint8 length,
uint8* data,
uint8 flag
)

CYBLE GATT HANDLE VALUE PAIR T handlevaluePair;
CYBLE GATT ERR CODE T gattErrCode;

handlevaluePair.attrHandle = attributeHandle;
handlevaluePair.value.len = length;
handlevaluePair.value.val = data;
gattErrCode = CyBle GattsWriteAttributeValue( &handlevaluePair, 0O,
&cyBle connHandle,
flaq);

return gattErrCode;

}

/*********************************************************************
* Function Name: ResetGattDb
dAhkkhkhkkhhkkhhkhhkhhkhkhkhkhkhkkhhkhkhkhhkhrhkhhkhkkhkhkhkhkhkhk bk kb hkkhkhkhkhk bk hkhhkhkhhkhhkhhkhkhkhkkkkkxk
*

Summary:
Resets all relevant characteristics in the GATT DB

Parameters:
None

*
*
*
*
*
*
* Return:
* None

*

*

********************************************************************/

void ResetGattDb (void)
{
//Default URI Data
memcpy (CurrentURL, DefaultURL, MAX URL LENGTH) ;

WriteAttributeValue(CYBLE_EDDYSTONE_CONFIGURATION_URI_DATA_CHAR_HANDLE
14
sizeof (DefaultURL), (uint8 *)DefaultURL,
CYBLE GATT DB LOCALLY INITIATED) ;
URLLength = DEFAULT_URL_LENGTH;
cyBle attValuesLen[l16].actualLength = URLLength;

//Default URI Flags

WriteAttributeValue (CYBLE EDDYSTONE CONFIGURATION URI FLAGS CHAR HANDL
E,
sizeof (DefaultURLFlags), &DefaultURLFlags,
CYBLE GATT DB LOCALLY INITIATED) ;

//Default TX power mode
currentTxmode = TX POWER MODE_LOW;

WriteAttributeValue (CYBLE EDDYSTONE CONFIGURATION TX POWER MODE CHAR H
ANDLE,
sizeof (currentTxmode), &currentTxmode,
CYBLEiGATTiDBiLOCALLYiINITIATED);
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//Default Beacon period
CurrentAdvPeriod = DEFAULT BEACON PERIOD;

WriteAttributeValue(CYBLE_EDDYSTONE_CONFIGURATION_BEACON_PERIOD_CHAR_H
ANDLE,

sizeof (CurrentAdvPeriod), (uint8
*) &CurrentAdvPeriod,

CYBLE_GATT_DB_LOCALLY_INITIATED);

//Default LOCK key

WriteAttributeValue (CYBLE EDDYSTONE CONFIGURATION LOCK CHAR HANDLE,
sizeof (LOCK), (uint8 *)LOCK,
CYBLE_GATT DB LOCALLY INITIATED) ;

/*********************************************************************
* Function Name: SendErrorResponse
R IR I b b db b b dh b b S I b b S I b S S I S S Sh b S db b b dh Sh b S S b b SR I b S db b SR Sb b S db b S dh  Ib b b Ib b b SR S b S db b b dh S b g 4

*

Summary:
Sends error code for a particular attribute handle

*
*
*
* Parameters:

* CYBLE GATT DB ATTR HANDLE T : attribute handle

* CYBLE GATT ERR CODE T : error code to be send
*

*

*

*

*

Return:
None

********************************************************************/

void SendErrorResponse( CYBLE GATT DB ATTR HANDLE T attributeHandle,
CYBLE GATT ERR CODE T errorCode)

{
CYBLE GATTS ERR PARAM T errorparam;
errorparam.attrHandle = attributeHandle;
errorparam.errorCode = errorCode;
errorparam.opcode = CYBLE GATT WRITE REQ;
CyBle GattsErrorRsp(cyBle connHandle, &errorparam);
errorSent = true;

}

/*********************************************************************

* Function Name: UpdateTxPower
R IR I b b b b b b I S b b b b b b dh b b b b b SR g S b b b b b S S i b b b b b b S g i b b b b IR S dh S b b b b b dh g g e i 3

* Summary:

* Updates advertisement transmit power based on the Tx power mode
*

* Parameters:

* uint8: Tx power mode to be set

*

* Return:

* None

*

*

********************************************************************/
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void UpdateTxPower (uint8 TxMode)

{
CYBLE BLESS PWR IN DB T txPower;

// Set channel type as Adv channels
txPower.bleSsChId = CYBLE LI, ADV CH TYPE;

// Set the correct power levels

if (TxMode == TX POWER MODE HIGH) // +3 dBm */

{ txPower.blePwrLevelInDbm = CYBLE LL PWR LVL 3 DBM;

ilse if (TxMode == TX POWER MODE MEDIUM) // 0 dBm

{ txPower.blePwrLevelInDbm = CYBLE LL PWR LVL O DBM;

ilse if (TxMode == TX POWER MODE LOW) // -6 dBm

{ txPower.blePwrLevelInDbm = CYBLE_LL_PWR_LVL_NEG_6_DBM;
;lse if (TxMode == TX POWER MODE LOWEST) // =18 dBm

{ txPower.blePwrLevelInDbm = CYBLE LL PWR LVL NEG 18 DBM;

}

// Set Tx power level
CyBle SetTxPowerLevel (&txPower) ;

}

/*********************************************************************
* Function Name: ProcessWriteReq
Rk i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b A b b b g b b b b b b b b b b b b b b b b i b b b

*

* Summary:

* Process all GATT level write requests and responds with appropriate
status

*

* Parameters:

* CYBLE GATTS WRITE CMD REQ PARAM T: GATT write command request
prameter

*

* Return:

*  None
*

*********************************************************************/
void ProcessWriteReq(CYBLE GATTS WRITE CMD REQ PARAM T writeCmdReq)
{

bool value val;

uint8 status = LOCKED, key buf[LOCK CODE LENGTH];

uintl6 beaconPeriod = 0;

CYBLE GATT HANDLE VALUE PAIR T valuePairT;

// Reset error send flag

errorSent = false;

// Retrieve the LOCK status from the GATT DB
valuePairT.attrHandle =

CYBLE EDDYSTONE CONFIGURATION LOCK STATE CHAR HANDLE;
valuebPairT.value.val = (uint8 *)&value val;
valuePairT.value.len = sizeof (bool);
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CyBle GattsReadAttributeValue( &valuePairT, &cyBle connHandle,
CYBLE GATT DB LOCALLY INITIATED );

// Check the LOCK status
if(valuePairT.value.val[0] == UNLOCKED)
{

//URL Data

if (writeCmdReqg.handleValPair.attrHandle ==

CYBLE_EDDYSTONE_CONFIGURATION_URI_DATA_CHAR_HANDLE)
{
// First byte should be scheme prefix and length should be
less than
// or equal to MAX URL LENGTH
if( (writeCmdReg.handleValPair.value.len <=
MAX_URL_LENGTH) &&
(writeCmdReg.handleValPair.value.val[0] <
URL PREFIX MAX) )
{
uint8 TempURL[MAX_URL_LENGTH];

memset (TempURL, O, MAX URL LENGTH) ;

memcpy (
TempURL,
writeCmdReqg.handleValPair.value.val,
writeCmdReqg.handleValPair.value.len
)
if ( CYBLE GATT ERR NONE == WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION URI DATA CHAR HANDLE,
writeCmdReqg.handleValPair.value.len,
writeCmdReqg.handleValPair.value.val,
CYBLE GATT DB PEER INITIATED ) )

// Update the length as per the new URL data
URLLength = writeCmdReq.handleValPair.value.len;
cyBle attValuesLen[l6].actualLength = URLLength;
// Update the URL data
memcpy (CurrentURL, TempURL, MAX_URL_LENGTH);
}
}
else if (writeCmdReg.handleValPair.value.len >
MAX_ URL LENGTH)
{
// Invalid length. Send error response
SendErrorResponse (

CYBLE EDDYSTONE CONFIGURATION URI DATA CHAR HANDLE,
CYBLE GATT ERR INVALID ATTRIBUTE LEN
)
}
}
// Lock Characteristic
else if (writeCmdReqg.handleValPair.attrHandle ==

CYBLE EDDYSTONE CONFIGURATION LOCK CHAR HANDLE)
{
if (writeCmdReg.handleValPair.value.len ==
LOCK_CODE_LENGTH)
{
WriteAttributeValue (
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CYBLE EDDYSTONE CONFIGURATION LOCK CHAR HANDLE,
writeCmdReqg.handleValPair.value.len,
writeCmdReqg.handleValPair.value.val,
CYBLE GATT DB PEER INITIATED

) ;

// Update the LOCK characteristic
status = LOCKED;
WriteAttributevValue (

CYBLE_EDDYSTONE CONFIGURATION LOCK STATE CHAR HANDLE,
sizeof (bool), &status,
CYBLE GATT DB LOCALLY INITIATED
)
}

else

{

// Invalid length. Send error response
SendErrorResponse (CYBLE EDDYSTONE CONFIGURATION LOCK CHAR HANDLE,

CYBLE GATT ERR_INVALID ATTRIBUTE LEN) ;

}

}
// Advertised Tx power level
else if (writeCmdReqg.handleValPair.attrHandle ==

CYBLE EDDYSTONE CONFIGURATION ADVERTISED TX POWER LEVELS CHAR HANDLE)
{
if (writeCmdReg.handleValPair.value.len ==
MAX NUM PWR_LVL)

{
WriteAttributeValue (

CYBLE_EDDYSTONE CONFIGURATION ADVERTISED TX POWER LEVELS CHAR HANDLE,
writeCmdReqg.handleValPair.value.len,
writeCmdReqg.handleValPair.value.val,

CYBLE GATT DB PEER INITIATED
)

if (writeCmdReg.handleValPair.value.len ==
MAX NUM PWR LVL)

{
// Update Tx Power levels

memcpy  (
currentTxPowerLevels,
writeCmdReqg.handleValPair.value.val,
MAX NUM PWR_ LVL
)
}

else

{

SendErrorResponse (

CYBLE EDDYSTONE CONFIGURATION ADVERTISED TX POWER LEVELS CHAR HANDLE,
CYBLE GATT ERR INVALID ATTRIBUTE LEN
);

else
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// Invalid length. Send error response
SendErrorResponse (

CYBLE _EDDYSTONE CONFIGURATION ADVERTISED TX POWER LEVELS CHAR HANDLE,
CYBLE GATT ERR _INVALID ATTRIBUTE LEN
) ;
}

}
// Tx Power Mode
else if(writeCmdReqg.handleValPair.attrHandle ==

CYBLE_EDDYSTONE_CONFIGURATION_TX_POWER_MODE_CHAR_HANDLE)
{
if (writeCmdReqg.handleValPair.value.val[0] <= 0x03)
{
WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION TX POWER MODE CHAR HANDLE,
writeCmdReg.handleValPair.value.len,
writeCmdReqg.handleValPair.value.val,
CYBLE GATT DB PEER INITIATED

)
currentTxmode =
writeCmdReq.handleValPair.value.val[0O];

UpdateTxPower (currentTxmode) ;
}
else // Invalid value. Write not permitted

{

SendErrorResponse (

CYBLE EDDYSTONE CONFIGURATION TX POWER MODE CHAR HANDLE,
CYBLE GATT ERR WRITE NOT PERMITTED
)
}
}
// Beacon Period
else if (writeCmdReg.handleValPair.attrHandle ==

CYBLE EDDYSTONE CONFIGURATION BEACON PERIOD CHAR HANDLE)
{

beaconPeriod =
CyBle Getl6ByPtr (writeCmdReq.handleValPair.value.val);

// Disable URL FRAMES

if (beaconPeriod == 0)

{
eddystoneImplenmentation = EDDYSTONE UID;
WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION BEACON PERIOD CHAR HANDLE,
writeCmdReqg.handleValPair.value.len,
writeCmdReqg.handleValPair.value.val,
CYBLE GATT DB PEER INITIATED

)
}
// Values in valid range
else if((beaconPeriod >= MIN_BEACON_PERIOD) &&
(beaconPeriod <= MAX BEACON PERIOD))
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WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION BEACON PERIOD CHAR HANDLE,
writeCmdReqg.handleValPair.value.len,
writeCmdReqg.handlevValPair.value.val,
CYBLE GATT DB PEER INITIATED

)
CurrentAdvPeriod = beaconPeriod / 0.625;
eddystoneImplenmentation = EDDYSTONE URL;
}

else

{
uintlé temp = MIN BEACON PERIOD;

// Values not supportes. Write default values
WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION BEACON PERIOD CHAR HANDLE,
sizeof (temp),
(uint8 *)&temp,
CYBLE GATT DB PEER INITIATED) ;
CurrentAdvPeriod =
CYBLE GAP ADV ADVERT INTERVAL NONCON MIN;
eddystoneImplenmentation = EDDYSTONE URL;
}

}
// Reset the Configurations to default

else if((writeCmdReqg.handleValPair.attrHandle ==
CYBLE EDDYSTONE CONFIGURATION RESET CHAR HANDLE) &&
(writeCmdReqg.handleValPair.value.val[0] !'= 0))
{
ResetGattDb () ;
}
}
else if(valuePairT.value.val[0O] == LOCKED)

{
if (writeCmdReqg.handleValPair.attrHandle ==

CYBLE EDDYSTONE CONFIGURATION LOCK CHAR HANDLE)

{
// Accesing the lock in LOCKED state

SendErrorResponse (writeCmdReg.handleValPair.attrHandle,

CYBLE GATT ERR INSUFFICIENT AUTHORIZATION) ;

}
}

if (writeCmdReg.handleValPair.attrHandle ==

CYBLE EDDYSTONE CONFIGURATION UNLOCK CHAR HANDLE)

{
if (writeCmdReqg.handleValPair.value.len == LOCK CODE LENGTH)

{
if(valuePairT.value.val[0] == LOCKED)

{
int compareResult;
valuePairT.attrHandle =

CYBLE_EDDYSTONE_CONFIGURATION_LOCK_CHAR_HANDLE;
valuePairT.value.val = key buf;
valuePairT.value.len = sizeof (LOCK) ;
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CyBle GattsReadAttributeValue (&valuePairT,
&cyBle connHandle,

CYBLE GATT DB LOCALLY INITIATED);

compareResult = memcmp (
valuePairT.value.val,

writeCmdReg.handleValPair.value.val,
LOCK CODE_LENGTH
)

if (compareResult == 0)

{
status = UNLOCKED;
// Update the LOCK STATE
WriteAttributeValue (

CYBLE EDDYSTONE CONFIGURATION LOCK STATE CHAR HANDLE,
sizeof (bool), &status,
CYBLE GATT DB LOCALLY INITIATED
)

// Reset the LOCK
WriteAttributeValue (

CYBLE _EDDYSTONE CONFIGURATION LOCK CHAR HANDLE,
sizeof (LOCK), (uint8 *)LOCK,
CYBLEiGATT_DB_LOCALLY_INITIATED
);
}
else // LOCK not matched

{
SendErrorResponse (writeCmdReq.handleValPair.attrHandle,

CYBLE GATT ERR INSUFFICIENT AUTHORIZATION) ;
}
}
}
else // Invalid length
{

SendErrorResponse (writeCmdReq.handleValPair.attrHandle,

CYBLE GATT ERR INVALID ATTRIBUTE LEN) ;

}
}

if (errorSent == false)

{
CyBle GattsWriteRsp(cyBle connHandle) ;

}
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/*********************************************************************

* Function Name: ConfigureAdvPacket
Rk b b i b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b g

*

* Summary:

* Configures the Advertising data such that it transmits UID/URL and
TLM

* frames

*

* Parameters:

* bool: true: configure adv parameters with UID/URL frames
* false:configures the adv parameters to TLM frames
*

* Return:

* None

*
*********************************************************************/

void ConfigureAdvPacket (void)

{
uintl6 CurrentEMG1,CurrentGrovel;
uintl6 CurrentEMG2,CurrentGrove2;

uint8 CurrentPressurel;
uint8 CurrentPressure?;

//Recogida de los datos obtenidos del CAD
CurrentEMGl=GetMeasuredEMGL1 () ;
CurrentPressurel=GetMeasuredPressurel () ;
CurrentGrovel=GetMeasuredGrovel () ;
CurrentEMG2=GetMeasuredEMG2 () ;
CurrentPressure2=GetMeasuredPressure2 () ;
CurrentGrove2=GetMeasuredGrove2 () ;

// Configure Eddystone packets at run-time
cyBle discoveryModelInfo.advParam->advType =

CYBLE GAPP NON_ CONNECTABLE UNDIRECTED ADV;

if ( (beaconCurrentRole == EDDYSTONE UID) ||
(beaconCurrentRole == EDDYSTONE URL))

{
UID LED Write (LED ON) ;

// ADV packet timeout

if (isEddystoneTLMPresent == true)
{
cyBle discoveryModeInfo.advTo = APP UID URL TIMEOUT;
}
else
{
cyBle discoveryModeInfo.advTo = 0; // No timeout
}
if (beaconCurrentRole == EDDYSTONE UID)
{

// Service Data

// Length

cyBle discoveryData.advDatal[7] = 0x17;
// Signifies Eddystone UID

cyBle discoveryData.advData[ll] = 0x00;
// Ranging data: -14dB
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cyBle discoveryData.advDatal[l2] =
currentTxPowerLevels[currentTxmode] ;

// SHA-1 hash of the FQDN (cypress.com)

is calculated and

its
// first 10 bytes are placed here as the Namespace ID, MSB
first

cyBle discoveryData.advData[l3] =

(uint8) ((CurrentGrove2 >> 8) & 0xir);
cyBle discoveryData.advDatal[l4] =

(uint8) ((CurrentGrovel2) & 0xFF);
cyBle discoveryData.advData[l5] =

(uint8) ((CurrentGrovel >> 8) & OxFF);
cyBle discoveryData.advData[l6] =

(uint8) ((CurrentGrovel) & OxFF);
cyBle discoveryData.advDatal[l7] =

(uint8) ((CurrentEMG2 >> 3) & OxIFF);
cyBle discoveryData.advData[l8] =

(uint8) ((CurrentEMG2) & OxFF);
cyBle discoveryData.advData[l9] =

(uint8) ((CurrentEMG1l >> 8) & 0OxFF);
cyBle discoveryData.advData[20] =

(uint8) ((CurrentEMGl) & OxFF);
cyBle discoveryData.advData[?1] = CurrentPressurel;
cyBle discoveryData.advData[2”] = CurrentPressurel;
// Instance ID - randomly created
cyBle discoveryData.advData[23] = 0x01; // BID[O]
cyBle discoveryData.advDatal[24] = 0x00; // BID[1]
cyBle discoveryData.advDatal[25] = 0x00; // BID[2]
cyBle discoveryData.advDatal[26] = 0x00; // BID[3]
cyBle discoveryData.advDatal[27] = 0x00; // BID[4]
cyBle discoveryData.advData[28] = 0x00; // BID[5]
cyBle discoveryData.advData[?9] = 0x00; // Reserved
cyBle discoveryData.advData[30] = 0x00; // Reserved
// ADV packet length
cyBle discoveryData.advDatalLen = 31;

}
}

//Update the advertisement interval

cyBle discoveryModeInfo.advParam->advIntvMin =
cyBle discoveryModelInfo.advParam->advIntvMax =
cyBle discoveryModeInfo.advData =

CurrentAdvPeriod;
CurrentAdvPeriod;
&cyBle discoveryData;
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/*********************************************************************

* Function Name: ConfigureConnAdvPacket
Rk b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b 2 b b b b b b b b b b b b b b b b b b b b b b b i g

*
Summary:
Configures the connectable Advertising data

Parameters:
None

*
*
*
*
*
*
* Return:

* None

*
*********************************************************************/

void ConfigureConnAdvPacket (void)

{
UID LED Write (LED OFF) ;

//Update the advertisement interval
cyBle discoveryModeInfo.advParam->advIntvMin

CONNECTABLE STATE ADV_INTERVAL MIN;
cyBle discoveryModeInfo.advParam->advIntvMax

CONNECTABLE STATE ADV_INTERVAL MAX;
cyBle discoveryModelInfo.advParam->advType =

CYBLE GAPP CONNECTABLE UNDIRECTED ADV;
cyBle discoveryModeInfo.advTo = CONNECTABLE STATE TIMEOUT;
//Advertising data

cyBle discoveryModeInfo.advData = &CyBleConnectableAdvData;

/*********************************************************************

* Function Name: EddystoneEventHandler
R IR b b A db b b dh b b S S b S S I b S I b S S Sh b S Ib b b dh Sh b S dh b b dR Ih b S Ib b S Sb b I dh b S dh Sb b b dh b b SR Sb b S dh b b dh Sb b g 4

*

* Summary:

* This is an event callback function to receive events from the
CYBLE
Component.
*
* Parameters:
* uint8 event: Event from the CYBLE component.
* void* eventParams: A structure instance for corresponding event
type. The
* list of event structure is described in the
component
* datasheet.
* Return:
* None

*********************************************************************/

void EddystoneEventHandler (uint32 event, void* eventParam)

{
CYBLE API RESULT T apiResult;

// To prevent compiler warning
eventParam = eventParam;
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switch (event)

{

/**********************************************************

* General Events
***********************************************************/
// This event is received when component is Started
case CYBLE EVT STACK ON:
// Configure WDT counter 0 with 2 second interval
WDT_Initialize(CY_SYS_WDT_COUNTERO,
TWO_SECOND_INTERRUPT COUNT) ;

// Enable WDT counter 0
WDT_ EnableCounter (CY SYS WDT COUNTERO MASK) ;

// Ignore the initial delay. Start counter to track the
time since

// power ON

SetEnableSecCnt (true) ;

beaconCurrentRole = eddystonelImplenmentation;
ConfigureAdvPacket () ;//ConfigureAdvPacket (VoltsADC,VoltsP) ;

/* Start advertisement */
apiResult =
CyBle GappStartAdvertisement (CYBLE ADVERTISING CUSTOM) ;
if (apiResult != CYBLE_ERROR_OK)
{
CYASSERT (0) ;
}
break;
case CYBLE EVT GAPP ADVERTISEMENT START STOP:
if(CyBle_GetState() = CYBLE_STATE_ADVERTISING)
{
/* On advertisement timeout, restart advertisement.
Before
* restarting previous type of advertisement, check if
the other
* type 1s triggered. If so, switch to the other type
of
* advertisement. */
ConfigureAdvPacket () ;
apiResult =

CyBle GappStartAdvertisement (CYBLE ADVERTISING CUSTOM) ;

if (apiResult != CYBLE_ERROR_OK)
{
CYASSERT (0) ;

}
}
else
{

SetAdvPacketCount (GetAdvPacketCount () + 1)

}
break;

case CYBLE EVT GAP DEVICE DISCONNECTED:

CyBle GattsEnableAttribute (CYBLE EDDYSTONE SERVICE HANDLE) ;
beaconCurrentRole = eddystoneImplenmentation;
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ConfigureAdvPacket () ;
CyBle GappStartAdvertisement (CYBLE ADVERTISING CUSTOM) ;
break;

case CYBLE EVT GATTS WRITE REQ:
ProcessliriteReq (* (CYBLE GATTS WRITE CMD REQ PARAM T¥*)

eventParam) ;
break;
default:
break;
}
}
/* [] END OF FILE */
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3.3.6. Eddystone.h

/****************************************

* Project Name : PSoC 4 BLE Eddystone
* File Name : Eddystone.h

****************************************/

#ifndef _ EDDYSTONE H
#define _ EDDYSTONE H

#include <project.h>
#include <stdbool.h>

/*********************************************************************

* Macros and Constants
*********************************************************************/

/* 65535 = 2 seconds */

#define TWO_SECOND_INTERRUPT_COUNT (OxXFFFFE)
/* Default UID/URL Frame timeout */

#define APP UID URL TIMEOUT 0x0001
/* Default TLM Frame timeout */

#define APP_TLM TIMEOUT (0x0001)

/* Minimum supported beacon period */

#define MIN BEACON PERIOD
(CYBLE GAP ADV ADVERT INTERVAL NONCON MIN * 0.625)

/* Maximum supported beacon period */

#define MAX BEACON PERIOD
(CYBLE_GAP ADV ADVERT INTERVAL MAX * 0.625)

/* Default beacon period */

#define DEFAULT BEACON_ PERIOD 0x00A0

typedef enum

{
/* Eddystone not active */
NO_EDDYSTONE,
/* Eddystone UID adv */
EDDYSTONE UID,
/* Eddystone URL adv */
EDDYSTONE URL,
/* Eddystone TLM adv */
EDDYSTONE TLM

} EDDYSTONE ROLE T;

typedef enum

{
/* Characteristics unlocked */
UNLOCKED,
/* Characteristics locked */
LOCKED

} EDDYSTONE_CHAR_STATE_T;

/* Default URL flag value */
#define DEFAULT URL FLAG VALUE 0x01

/* 3 dBm */
/* 0 dBm */
/* -6 dBm */
/* =18 dBm */

#define PWR LVL 3 DBM (
#define PWR LVL 0 DBM (0x00
#define PWR_LVL NEG 6 DBM (
#define PWR_LVL NEG 18 DBM (
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/* Index of the Advertised TX Power Levels */
typedef enum
{

TX_POWER_MODE_LOWEST,

TX_POWER_MODE_LOW,

TX_POWER_MODE_MEDIUM,

TX_POWER_MODE_HIGH,

/* Maximum number of power levels */
MAX NUM PWR LVL
} TX POWER _MODE T;

/* URL Scheme Prefix */
typedef enum
{

HTTP_ WWW, /* http://www. */
HTTPS WWW, /* https://www. */
HTTP, /* http:// */
HTTPS, /* https:// */

URL_PREFIX MAX
} EDDYSTONE URL SCHEME PREFIX T;

/* Eddystone-URL HTTP URL encoding */
typedef enum
{

DOT COM_SLASH, /* .com/ */
DOT_ORG_SLASH, /* .org/ */
DOT _EDU_ SLASH, /* .edu/ */
DOT NET SLASH, /* .bet/ */
DOT INFO SLASH, /* .info/ */
DOT BIZ SLASH, /* .biz/ */
DOT_GOV_SLASH, /* .gov/ */
DOT_COM, /* .com */
DOT_ORG, /* .org ¥/
DOT EDU, /* .edu  */
DOT NET, /* .bet  */
DOT_ INFO, /* .info */
DOT BIZ, /* .biz  */
DOT_GOV, /* .gov */
RESERVED

} EDDYSTONE URL HTTP ENCODING T;

/* Default URL advertised */

#define DEFAULT URL { \
HTTP WWW, \
va \
'v', \
'p', \
lrl, \
lel, \
'S', \
'S', \
DOT COM SLASH \

#define DEFAULT URL LENGTH 9
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/*********************************************************************

* Function prototype
*********************************************************************/

void UpdateTLMAdvPacket (void) ;
void EddystoneEventHandler (uint32 event, void* eventParam) ;

#endif /*  EDDYSTONE H  */

/* [] END OF FILE */
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3.3.7. WatchdogTimer.c

/****************************************

* Project Name : PSoC 4 BLE Eddystone

* File Name : WatchdogTimer.c
****************************************/

#include <Project.h>
finclude "main.h"
#include "WatchdogTimer.h"

#define SEC_CNT INC_PER 2SEC (20u)

/*********************************************************************

* Global variables
*********************************************************************/

/* This flag when true indicates the BLE stack is on. */
static bool enableSecCnt = false;

/* True when counterl interrupt is triggred atleast once */
static bool counterlTimedOut;

/* Keeps track of SEC CNT feild of TLM packet. */
static uint32 SecCnt = 0;

/*********************************************************************

* Function Name: SetEnableSecCnt
R b I b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b i b b b b b b b b b o b b b b b b b b b b i

*

* Summary:

* Enable or disable the increment of SEC CNT feild of TLM packet.
*

* Parameters:

* Dbool: 0 - Disable the counter
* 1 - Enable the counter
*

* Return:

* None

*

*********************************************************************/
void SetEnableSecCnt (bool value)

enableSecCnt = value;

/*********************************************************************

* Function Name: SetSecCnt
hhkhkhkhkhkhkhkhkhkhkhkkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhxkx

*

* Summary:

* Sets value of SEC CNT feild of TLM packet.
*

* Parameters:

* uint32: value to initialize SecCnt
*

* Return:

* None

*

*

********************************************************************/
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void SetSecCnt (uint32 wvalue)
{

SecCnt = value;

/*********************************************************************

* Function Name: GetSecCnt
PR e e e b b b b b b b i b b b b b b b b b i b b b b b b b b b b e i e b b b A i

Summary:
Returns value of SEC CNT feild of TLM packet.

Parameters:
None

Return:
uint32: value of SecCnt

*********************************************************************/
uint32 GetSecCnt (void)
return SecCnt;

}

/*********************************************************************
* Function Name: WDT Handler

R b b b b b b b b I b i b b b A b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b A b A b b b b b b i b b b i
*

* Summary:

* Watchdog timer (WDT) interrupt handler routine. WDT is used to
wakeup the

* device after WCO or ECO has started and for advertisement payload
updates.

Parameters:
None

Return:
None

X ok ok X ok X

*

*********************************************************************/
CY ISR(WDT Handler)

{
uint32 tempCnt;

/* WDT interrupt is only used as a source of wakeup for PSoC 4 BLE
device
* in this example project. Clearing the WDT interrupt status is
all that is
* required in this example project
*/
if (CySysWdtGetInterruptSource() & CY SYS WDT COUNTERO INT)
{
/* WDT counter is configured to trigger interrupt at every 2
seconds */
if (enableSecCnt == true)
{
/* Time should be of 0.1 seconds(100ms) resolution. As
interrupt
* triggers at every ~2 seconds, hence 2000 / 100 = 20 */
tempCnt = SecCnt + SEC CNT INC PER 2SEC;
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/* On timer overflow reset both timer and packet count */
if (tempCnt < SecCnt)

{
/* timeSincePowerOn is reset */
SecCnt = 0;
/* advPacketCount is reset */
SetAdvPacketCount (0) ;
}
else
{
SecCnt = tempCnt;
}
}
CySysWdtClearInterrupt (CY SYS WDT COUNTERO_INT) ;
}
if (CySysWdtGetInterruptSource() & CY SYS WDT COUNTER1 INT)
{
CySysWdtClearInterrupt (CY SYS WDT COUNTER1 INT);
counterlTimedOut = true; B B B
}

}

/*********************************************************************
* Function Name: WDT Initialize
dAhkkhkhkkhhkkhhkhhkhhkhkhkhkhkhkkhhkhhkhhkhhk kb hkhkhkhkhk bk hkhkkhkhkhkhkhkhkhhkhkhkhkhhkhhkhhkkhkhkhkkhkkkxk
*

* Summary:
* Configures a watchdog counter with the given count and interrupt
period.
*
Parameters:
uint32: counter number
uint32: set the period for the counter interrupt

*

*

*

*

* Return:
*  None
*

*

********************************************************************/

void WDT Initialize(uint32 counterNum, uint32 period)
{

/* Unlock the WDT registers for modification. Note that WDT is
running from

* ILO now */

CySysWdtUnlock() ;

/* Configure counter # in interrupt mode */
CySysWdtWriteMode (counterNum, CY SYS WDT MODE INT) ;

/* counter # with specified period */
CySysWdtWriteClearOnMatch (counterNum, COUNTER ENABLE) ;

/* counter # with specified period */
CySysWdtWriteMatch (counterNum, period);

/* Lock WDT timer */
CySysWdtLock () ;
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/*********************************************************************

* Function Name: WDT EnableCounter
R IR I b A db b b dh b b S Sh b S SR I b S S I dh S b S db b dh Sb b S S b b dR Ib b S Sb b SR Sb b b db b S dh Ib b b Ib b b SR Sb b S db b Sh Ib b g 4

*

* Summary:

* Enables WDT counter #
*

* Parameters:

* uint32: counter mask
*

* Return:

*  None

*

*

********************************************************************/
void WDT EnableCounter(uint32 counterMask)

CySysWdtUnlock() ;
CySysWdtEnable (counterMask) ;
CySysWdtLock() ;

/*********************************************************************

* Function Name: WDT DisableCounter
R b b b b b b b b b b b b b b b b b b b b b b b b b b i b b b b b b b b b b b b b i b b b b i b o b b b i b b b b b b b

*

* Summary:

* Disable WDT counter #
*

* Parameters:

* uint32: counter mask
*

* Return:

* None

*

*

********************************************************************/

void WDT DisableCounter (uint32 counterMask)

{
CySysWdtUnlock() ;
CySysWdtDisable (counterMask) ;
CySysWdtLock () ;

/*********************************************************************

* Function Name: LowPowerWait
R e b b b b b b S S b b b b b b S S dh b b b b b b S b dh S b b b b b b S S b b b b b b b b b b b b b b b S db a2 b b b b db S g b (g

*

* Summary:

* This function waits in low power for a certain period.
*

* Parameters:

* uint32: period to wait for while in low power state
*

* Return:

* None

*

*

********************************************************************/
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void LowPowerWait (uint32 period)

{
/* Reset timeout flag */
counterlTimedOut = false;
/* Setup counter0 for ECO startup */
WDT Initialize(CY _SYS WDT COUNTER1, period);
/* Enable WDT counter 1 */
WDT EnableCounter (CY SYS WDT COUNTER1 MASK) ;
do
{
/* Put CPU and BLESS to low power mode */
LowPower () ;
} while(counterlTimedOut == false);
/* Disable counter 1 */
WDT DisableCounter (CY SYS WDT COUNTER1 MASK) ;
}
/* [] END OF FILE */
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3.3.8. WatchdogTimer.h

/****************************************

* Project Name : PSoC 4 BLE Eddystone
* File Name : WatchdogTimer.h

****************************************/

/*********************************************************************

* Description - Header file for Watchdog timer implementation routines
*********************************************************************/

#ifndef _ WATCHDOG TIMER H
#define _ WATCHDOG TIMER H

#include <project.h>
#include <stdbool.h>

/*********************************************************************

* Enums and macros
*********************************************************************/
#define COUNTER DISABLE (Ou)

#define COUNTER_ENABLE (1u)

/*********************************************************************

* Function declarations
*********************************************************************/
void WDT Initialize(uint32 counterNum, uint32 period);

void WDT EnableCounter (uint32 counterMask) ;

void WDT DisableCounter (uint32 counterMask) ;

void LowPowerWait (uint32 period);

void SetEnableSecCnt (bool value);

void SetSecCnt (uint32 wvalue);

uint32 GetSecCnt(void) ;

CY ISR _PROTO(WDT Handler); /* WDT isr prototype declaration */
#endif /*  WATCHDOG TIMER H  */

/* [] END OF FILE */
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4. Datasheets
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1. Introduction

CYPRESS

PERFORM

Thank you for your interest in the CY8CKIT-042-BLE-A Bluetooth® Low Energy (BLE) Pioneer Kit.
The BLE Pioneer Kit enables customers to evaluate and develop BLE projects using the PSoC® 4
BLE and PRoC™ BLE (Programmable Radio-on-Chip) devices.

Bluetooth SMART™ or Bluetooth Low Energy (BLE) is a full-featured, layered, communication
protocol that includes a 2.4-GHz radio, a link layer, and an application layer. However, you do not
need to understand the complex protocol to implement your projects using PSoC 4 BLE or PRoC
BLE. The Cypress BLE solution, which includes the device, the BLE Component, and the BLE
firmware stack will take care of it for you. The Cypress BLE firmware stack is royalty free.

You will use two software tools, PSoC Creator™ and CySmart™ Central Emulation Tool, to develop
and debug your BLE project. PSoC Creator is Cypress’ standard integrated design environment
(IDE). The BLE protocol has been abstracted into an easy drag-and-drop BLE Component in PSoC
Creator. The CySmart Central Emulation Tool is a host tool for Windows PCs, which provides an
easy-to-use GUI to enable customers to test and debug their BLE projects.

The BLE Pioneer Kit offers footprint-compatibility with Arduino™ shields as well as 6-pin Digilent®
Pmod™ daughter cards. In addition, the kit features a CapSense® slider, an RGB LED, a push-
button switch, an onboard programmer/debugger and the USB-UART/IC bridge functionality block
(KitProg), a coin cell battery holder, and a Cypress F-RAM™. The BLE Pioneer Kit supports 1.9V,
3V, 3.3V, or5V as operating voltages. The BLE Pioneer Kit supports two devices:

m PSoC 4 BLE is a 32-bit, 48-MHz ARM® Cortex®-M0 BLE solution with CapSense, 12-bit analog
front end (1x SAR ADC, 4x low-power opamps, 2x low-power comparators, and 2x current
DACs), 4x TCPWM', 2x SCBs?, 4x UDBs3, LCD?, 1°S®, and 36 GPIOs. PSoC 4 BLE provides a
complete solution for sports and fithess monitors, wearable electronics, medical devices, home
automation systems, and sensor-based low-power systems for the Internet of Things (loT).

m PRoC BLE is a 32-bit, 48-MHz ARM Cortex-M0 BLE solution with CapSense, 12-bit ADC, 4x
TCPWM', 2x SCBs?, LCD?, 1285, and 36 GPIOs. PRoC BLE provides a complete solution for
BLE connectivity, HID, remote controls, and toys.

Two different versions of the BLE Pioneer Kit are currently available. These kits differ in the BLE
modules and the dongle that are included. The baseboard in both kits are identical, so any BLE
module can be used interchangeably with either baseboard. Table 1-1 lists the modules and dongle

included in each kit.

Table 1-1. Default BLE Modules and BLE Dongle in the Two BLE Pioneer Kits

Kit PSoC Module | PRoC Module Dongle Flash Size |Bluetooth Version
CYB8CKIT-042-BLE CYB8CKIT-142 CY5671 CY5670 128 KB 4.1
CY8CKIT-042-BLE-A | CY8CKIT-143A CY5676A CY5677 256 KB 4.1and 4.2

Universal digital blocks

RN =

Configurable liquid crystal display driver.
Configurable integrated interchip sound serial bus interface.

Configurable timer, counter, and pulse-width modulator.
Serial communication blocks (configurable to I2C, SPI, or UART).
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11 Kit Contents

The BLE Pioneer Kit contains the following items (see Figure 1-1):

BLE Pioneer Baseboard preloaded with the CY8CKIT-143A PSoC 4 BLE 256KB Module
CY5676A PRoC BLE 256KB Module

CY5677 CySmart BLE 4.2 USB Dongle (BLE Dongle)

Quick start guide

USB Standard-A to Mini-B cable

Four jumper wires (4 inch) and two proximity sensor wires (5 inch)

Coin cell (3-V CR2032)

Figure 1-1. Kit Contents

4 /PROC™ Baur

CYBCKIT-O42-BLE-A
Bueroord® 1ow enercy PIONEER KIT

If any part of the BLE Pioneer Kit is missing, contact your nearest Cypress sales office for help:
www.cypress.com/go/support.
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1.2 BLE Pioneer Baseboard Details

The BLE Pioneer Baseboard consists of the blocks shown in Figure 1-2.

9.

® N gk N~

RGB LED

BLE device reset button

CapSense proximity header

User button

CapSense slider

Arduino-compatible 1/0 headers (J2/J3/J4)
Arduino-compatible power header (J1)
Digilent Pmod-compatible 1/0 header (J5)
Cypress F-RAM 1 Mb (FM24V10-G)

10.PSoC 5LP I/O header (J8)

11.PSoC 5LP programmer and debugger (CY8C5868LTI-LP039)
12.Coin cell holder (bottom side)

13.USB connector (J13)

14.Power LED and Status LED

15.System power supply jumper (J16) - LDO 1.9 V~5V

16.BLE power supply jumper / current measurement (J15)
17.BLE module headers (J10/J11)

Figure 1-2. BLE Pioneer Baseboard
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Figure 1-3 shows a markup of the onboard components of the PSoC 4 BLE module (in red) and the
PRoC BLE module (in black). See BLE Modules and BLE Dongles Compatible with the BLE Pioneer
Kit on page 128 for more details. Figure 1-4 shows the BLE Dongle board blocks.

Figure 1-3. BLE Module Markup

Wiggle Antenna
antenna matching
network (AMN) 32.768-kHz
24-MHz Ctank crystal
crystal Cmod
Po_1 P0_0-fh 1 8- oo vopa
P03 PO A5 P36 P37
PO_5 N ] QEAEYE 75 4 p3s
PSoC 4 BLE PSoC 4BLE 710 : ey (o2 Pa3
module module P2 21 i -0 Fat
header (12) header (1) P06 Pl £ i g
P07 P P41 P50
XRES i P26 P27
GND 1 : P2 4 P25
SAR byp_css VDDD - DO VD! P22 P23
capacitor 32 768kH L P2.0 P21
(bottom side) aryitl iz VDDR GND
(bottom side)
CY8CA42481Q1BL583 A-pin UART
PSoC 4 BLE device header
Wiggle Antenna
antenna matching 32.768-kHz
ey network (AMN) crystal
24-MHz e
crystal GND VDDA
P36 P37
P34 P35
PROC BLE PRoC BLE pe e
module module 40 P51
header (J2) header (/1) -
P41 P50
P26 P27
GND P24 P25
SAR bypass VDD P22 P23
capacitor P2.0 P2_1
(bottom side) 32.768 kHz VDDR GND

crystal
(bottom side)

4-pin UART
header

CYBL11573-56LQXI
PRoC BLE device

Figure 1-4. BLE Dongle Markup

CY8C5868LTI-LPO39

PSoC 5LP programmer

PRoC BLE external programming header and debugger

User LED

User button P1_4 (PRoC BLE)

P1_5 (PRoC BLE)
Status LED

32.768kHz
crystal
(bottom side)

Wiggle
antenna USB plug
Antenna
matching
network

(AMN)

Power LED

PSoC 5LP

24-MHz crystal . .
programming test points

PRoC BLE
reset button

CYBL11573-56LQXI
PRoC BLE device
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This chapter introduces you to the BLE Pioneer Kit and the features that will be used as part of its
operation. We will discuss features such as USB connection, programming/debugging, and
programmer firmware update. The chapter also describes the USB-UART and USB-I“C bridges
along with the PC tools that can be used to communicate with the BLE device on the BLE Pioneer
Kit.

3.1 Theory of Operation

Figure 3-1, Figure 3-2, and Figure 3-3 show the block diagrams for the BLE Pioneer Baseboard,
PSoC 4 BLE/PRoC BLE Module, and BLE Dongle.

Figure 3-1. BLE Pioneer Baseboard Block Diagram

BLE/Arduino Compatible Headers

Status LED KitProg
Green [Llbiaferog hoadey Reset SW User SW BLE SWD Proximity wire
(Push Button) (Push Button) 10 pin Prog. header header

XRES

'SWD BLE Module 1/0s
Brogrammer/Sarial 12C | UART 24 pin header

Communication
12C pull-up
via FET RGB LED

ESD
Protection KitProg 1/Os
16 pin Expansion header

BLE Module 1/0s

@i Jumper q
Diodes BLE current  measuring 20 pin header

ORing Coin cell MOSFET
Diodes Battery holder Protection ckt

BLE/Arduino Compatible Headers

Power

Signal

The BLE Pioneer Baseboard acts as the baseboard for the PSoC 4 BLE (red module) and PRoC
BLE (black module). The BLE Pioneer Baseboard contains a PSoC 5LP device, that has KitProg
firmware, used as an onboard programmer or debugger, and for the USB-Serial interface.

The baseboard is Arduino form-factor compatible, enabling Arduino shields to be connected on top
of the board to extend the functionality of BLE modules. The board also features a 1-Mb F-RAM, an
RGB LED, a five-segment CapSense slider, a proximity header, a user switch, and a reset switch for
the PSoC 4 BLE and PRoC BLE devices on the module. The Pioneer board supports three voltage
levels: 1.9V, 3.3V,and 5 V.
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The BLE Pioneer Baseboard can also be used as a standalone programmer to program and debug
other BLE devices using SWD, and as a USB-Serial interface. The KitProg firmware on PSoC 5LP
device enables bootloading PSoC 5LP over USB to upgrade the firmware.

Figure 3-2. PSoC 4 BLE/PRoC BLE Module Block Diagram

BLE I/Os

20 pin header (Digital pins)

A

SAR
Decaps Bypass Cap

VREF
PSoC 4

4 pin BLE
header RX/ TX CTANK
points -
Decaps f
VDDD/AR|  GPIO| RF Matchlng
: Circuit
Ferrite Bead

BLE I/Os

24 pin header (Analog pins)

Power Signal

This BLE Pioneer Kit includes two modules. These modules act as a basic breakout board for the
CY8C4248LQI-BL583 (PSoC 4 BLE) and CYBL11573-56LQXI (PRoC BLE) device. The
PSoC 4 BLE and PRoC BLE Modules are identical except for the BLE device. Besides these two
modules, there are additional modules available, which can be ordered separately. The complete list
is available in BLE Modules and BLE Dongles Compatible with the BLE Pioneer Kit on page 128.

The BLE Dongle is the wireless interface for the CySmart Central Emulation Tool. It has a PRoC
BLE device for BLE communication and KitProg for onboard programming, debugging, and for the
USB-Serial interface, as shown in Figure 3-3.

The BLE Dongle has a USB Type-A plug to connect the KitProg to the USB port of the host
computer. The KitProg then communicates with the PRoC BLE device over UART or multiplexed 12c
or an SPI bus. The BLE Dongle also features a user LED, a user switch, and a reset switch for the
PRoC BLE device. The dongle is powered directly through the USB port (VBUS) at 5.0 V.

Figure 3-3. BLE Dongle Block Diagram

Test Points

12C / UART CgiEls

KitPro RF Matching
Programmer/Segrial PROC BLE Circuit

Communication
User SW
(Push Button)

User LED
Blue

ESD Status LED Power LED Reset SW 10 pin Programming
Protection Green Red (Push Button) header

Power

Signal
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Placing Modules on Baseboard

Plug the module into the BLE Pioneer Baseboard on headers J10 and J11, while keeping the
antenna directed outside. Note that the two parallel headers J10 and J11 are not equal (24-pin and
20-pin, respectively) and will not allow the module to be inserted in the opposite direction.

Figure 3-5. Baseboard with J10 and J11 Headers to Connect Modules

CYBNCKIT-042-BLE-A FIOREER BASEBOARD

To remove the modules from the BLE Pioneer Kit, hold the BLE Pioneer Kit in one hand and the
module in the other, as shown in Figure 3-6, and pull it out using a rocking motion.

Figure 3-6. Remove Module Connected on BLE Pioneer Kit
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3.5 Programming and Debugging BLE Device

The BLE Pioneer Kit and BLE Dongle can be programmed and debugged using the KitProg. Before
programming the device, ensure that PSoC Creator and PSoC Programmer are installed on the
computer. See Install Software on page 19 for more information.

3.5.1 Programming using PSoC Creator
1. Connect the BLE Pioneer Kit/BLE Dongle to the computer’s USB port, as shown in Figure 3-7.
Figure 3-7. Connect USB Cable to J13

=)

CYBCRIT-O4F-BLE-APICNECH BASCHOARD

2. Load the desired example project in PSoC Creator from File > Open > Project/Workspace.
3. Build the project by choosing Build > Build <Project Name> or [Shift] [F6], as shown in
Figure 3-8.
Figure 3-8. Build an Example Project
File Edit View Project | Build | Debug Tools Window Help
e Wl - = [¥% Build PSoC 4_BLE_CapSense Slider LED  Shift+F6

Iﬁl - o2 B H‘g a ﬁ — Clean P5oC_4_BLE CapSense Slider LED -
I ) i =
|Wolkspace Explorer (5 Clean and Build PSoC 4 BLE_CapSense Slider_LED »
&3 xl c: .
B Workspace 'P5SoC_4_BLE Ca > W N
= 2] [Project "PSoC 4 BLEC

L&} TopDesign.cysch é Generate Application

>,39 PSol_4_BLE CapSent =] Generate Project Datasheet
s Header Files =TT

4. If there are no errors during build, program the firmware by clicking the Program button on the
tool bar or pressing [Ctrl] [F5], as shown in Figure 3-9. This will program the device on the BLE
Pioneer Kit/BLE Dongle and it will be ready for use.
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Figure 3-9. Programming Device From PSoC Creator
il PSoC 4 BLE CapSense Slider LED - PSoC Creator

File Edit View Project Build Debug To

Debug =BT 2 e G
i i é’“’ ﬁﬁ .

Q Wu-rirspace ElcpEcrrer L p[DJ-ECﬂ v 3 X
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-:-Z E,{_-l] Workspace 'PSoC_4_BLE CapSense_ S.Iicleri

%‘ =R __I Praject 'P5oC_4 | BLE CapSense Slic g
-]

£ £

— _]'J‘ PSDC 4| BLE CapSeme Slider_LED 3_

EH Header Files
: j BLEApplications.h
i h] HandleLowPowerh

g oy

Debugging using PSoC Creator

For debugging the project using PSoC Creator, follow steps 1 to 5 from Programming using PSoC
Creator on page 27 followed by:
1. Click the Debug icon or press [F5], as shown in Figure 3-10.
Figure 3-10. Start Debug on PSoC Creator
;_E P5SoC_4_BLE_CapSense Slider_LED - PSoC Creato
Eile Edit View Project Build Debug T

Debug =kl 2511 :’jl__";u = W=
B - o & o Eﬁl. =5E = 2
Workspace Explorer (1 project) *+ 31X

B

[55]| Workspace 'PSoC_4_BLE_CapSense_Slider_LE|
P3| Project 'PSoC_4_BLE_CapSense_Slider_|

w
Iﬂ‘ TopDesign.cysch ?:-
=_\|9 PSoC 4 _BLE CapSense_Slider_LED.cyd &

2. When PSoC Creator opens in debug mode, use the buttons on the toolbar for debugging.

For more details on using the debug features, see the Cypress application note Getting Started with
PSoC 4 BLE.

Programming using PSoC Programmer

PSoC Programmer (3.24 or later) can be used to program existing hex files into both BLE Pioneer
Kit or BLE Dongle. To do this, follow these steps.

1. Connect the BLE Pioneer Kit or BLE Dongle to a computer and open PSoC Programmer from
Start > All Programs > Cypress > PSoC Programmer <version> > PSoC Programmer <ver-

sion>.
2. Click the File Load button at the top left corner of the window. Browse for the desired hex file and
click Open.
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Figure 3-11. Select Hex File
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3. Go to File > Program to start programing the kit with the selected file.
Note: If the hex file does not match the device selected, then PSoC Programmer will throw an
error of device mismatch and terminate programming.

Figure 3-12. Program Hex File to Kit
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4. When the programming is finished successfully, indicated by a PASS message on the status bar,
the BLE Pioneer Kit/BLE Dongle is ready for use. Close PSoC Programmer.
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Figure 4-60. Top Design for PSoC_4 BLE_ Eddystone and PRoC_BLE_Eddystone Project

BLE ADC Interface
BLE Component is configured as a Beacon in )
non-connectable advertisement mode ADC measures battery voltage and die temperature.
with no timeout (continuous transmission). ADC
- oy (RAVRER Mrpten ADC SAR Beq
e 10U = sdoners
[ eEe | A i i
£3 Bluetoath
42 -
DieTemp
DeTemD
- -
Watch Dog Timer

Watchdog timer is used for waking up the system
when the system is in low power mode

WOT
s LEDs
WOT _Interrupt Tha rad LED indhcatas that cawce is advarlising connectabla Ady packesis,
The grasn LED indicatas that device iz advanising USL ) LAD packels.
The blue LED indicstes that device i advertsing TLIA packets.

Ve

Button o |
., ConnectableState LED g 2.1
SW2 1o change the Adv type o connectable e st '—H—Vz\;:‘ g
@UBLUD LED > !
SW2 160 |
= - BLUERR,

- = ILM LED R, ]
n I e e ApA— 4

g : 15K

= cannectionAdy_|5H

452 Hardware Connection

m Ensure that the correct module is placed on the baseboard corresponding to the project being
used. PSoC_4 BLE_Eddystone works with the PSoC 4 BLE Module. PRoC_BLE_Eddystone

works with the PRoC BLE Module.
m Connect a wire (provided as part of this kit) between VREF (connector J3) and P3.0 (connector

J2) on the baseboard (see Figure 4-61).
Figure 4-61. VREF (J3) and P3.0 (J2) Connectors on BLE Pioneer Kit with PSoC 4 BLE Module

The pin assignment for this project is in PSoC 4 BLE Eddystone.cydwr or
PRoC_BLE Eddystone.cydwr in the Workspace Explorer, as shown in Figure 4-62.

CYB8CKIT-042-BLE-A Bluetooth® Low Energy (BLE) Pioneer Kit Guide, Doc. # 002-11468 Rev. ** 74



=_ =
=— 9}
= /4 CYPREOS§ Example Projects

Figure 4-62. Pin Selection for Eddystone Project
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4.5.3 Flow Chart
Figure 4-63 shows the flow chart of code implemented.
Figure 4-63. Eddystone Project Flow Chart
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454 Verify Output

The project can be verified using an Android smart phone or an iOS device (iPhone or iPad). Before
proceeding further make sure that a beacon application (such as Locate Beacon for Android or
Chrome browser for iOS) and the CySmart app are installed on the smart phone/device. Also make
sure that Bluetooth is turned on in the device, and you have a working internet connection.
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To verify the Eddystone project in iOS, using Chrome for iOS browser, follow these steps. Before you
start, make sure the Chrome browser for iOS is installed in your iOS device and the Chrome widget
is added to the widgets view.

1.
2.
3.

Place the module on the BLE Pioneer Kit, depending on the project chosen.

Power the BLE Pioneer Kit through the USB connector J13.

Program the BLE Pioneer Kit with the Eddystone example project. Follow steps in Using Example
Projects on page 35 to program the device.

After programming successfully, the firmware starts the non-connectable advertisement of UID/
URL and TLM packets. Advertisement of UID/URL packets is indicated by the green LED and
TLM packets is indicated by blue LED on the baseboard.

Pull down the notification area. You should be able to see the link in the notification area as
shown in Figure 4-64 on page 76

Figure 4-64. iOS Notification Shade Showing the Beacon Advertised Web Link

732 bt = ¢ 100 -

6.

Touching the link will take you to the website.

To verify the Eddystone project in Android devices using the Locate Beacon application, follow these
steps.

1.
2.
3.

Place the module on the BLE Pioneer Kit, depending on the project chosen.
Power the BLE Pioneer Kit through the USB connector J13.

Program the BLE Pioneer Kit with the Eddystone example project. Follow steps in Using Example
Projects on page 35 to program the device.

After programming successfully, the firmware starts the non-connectable advertisement of UID/
URL and TLM packets. Advertisement of UID/URL packets is indicated by the green LED and
TLM packets is indicated by blue LED on the baseboard.

Launch the Locate application on the smart phone/device.
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6. Click the Locate Beacons button to start scanning for beacons (see Figure 4-65).

Figure 4-65. Locate Beacon App Home Screen

Use your phane to locate beacons around you,
measure distance to a beacon, or to calibrate your
beacon

. Locate Beacons

Beacon Transmitter

Buy Beacons

4 O

7. In the next screen a list of Visible Beacons will be displayed. Click the desired beacon (see
Figure 4-66) to display its status and information (see Figure 4-67).

Figure 4-66. Locate Beacon App Showing Discovered Beacons

{@] Locate

Visible Beacons Sort by Distance
inf —

Tap o & row Fiat moee

amy (Eddystone URL)

| httpfwenw, cyp
| 1D2: M2M: 0

| Mac address: 00:A0:50:0E:1C:30
| distance: 28.32 meters RSSI: -68
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Beacon Type: Eddystone URL
hitp:/fwww.cypress.com,
M2M: 0

proximity: far

{13.51 meters)

RSSI:-58

Tx Power: 41

Telemetry version; 0

Battery: 3.3 V

Temperature: 20.0 degrees C
Advertisement Count: 740
Uptime: 422.0 secs

Distance to Beacon

Calibrate Beacon

< @] )

To read and write characteristics (using an Android or iOS device, and CySmart app) of the beacon

follow these steps.

1. Press SW2 on the BLE Pioneer Kit baseboard to start the connectable advertisement. The adver-
tisement state is indicated by the red LED.

2. Launch the CySmart app on your Android smart phone/device.
3. Connect to the CY Eddystone device from the list by clicking on it (see Figure 4-68).
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This chapter describes the contents of the BLE Pioneer Kit hardware and its different blocks, such as
the power block, USB connection, Arduino-compatible headers, module connectors, and CapSense
slider.

The schematic and board layouts are available at the following location:
<Install Directory>\Cypress\CY8CKIT-042-BLE-A Kit\<version>\Hardware.

51 BLE Pioneer Baseboard

5.1.1 PSoC 5LP

An onboard PSoC 5LP contains the KitProg, which is used to program and debug the BLE device.
The PSoC 5LP connects to the USB port of the computer through a USB Mini-B connector and to the
SWD interface of the BLE device. PSoC 5LP is a true system-level solution providing MCU, memory,
analog, and digital peripheral functions in a single chip. The CY8C58LPxx family offers a modern
method of signal acquisition, signal processing, and control with high accuracy, high bandwidth, and
high flexibility. The analog capability spans the range from thermocouples (near DC voltages) to
ultrasonic signals.

For more information, visit the PSoC 5LP web page.

See Serial Interconnection between KitProg and Module on page 103 for more details.

51.2 Power System
The power supply system on the BLE Pioneer Baseboard is versatile, allowing the input supply to
come from the following sources:
m 5-V power from the onboard USB connector
m 5-Vto 12-V VIN power from the Arduino power header (J1)
m 3-V from the CR2032 coin cell

CY8CKIT-042-BLE-A Bluetooth® Low Energy (BLE) Pioneer Kit Guide, Doc. # 002-11468 Rev. ** 87


http://www.cypress.com/PSoC5LP/

"% CYPRESS

Hardware

An adjustable LDO is used to output three different voltage levels (1.9 V, 3.3 V, and 5 V) to power the
module. These voltages are selected with the J16 jumper, as shown in Figure 5-1.

Figure 5-1. Schematics and Board Highlight of LDO and Power Selection Jumper
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TABLE: LDO PIN FUNCTIONS TABLE: VOLTAGE SELECTION JUMPER SETTINGS

Pin No.| Symbol Function JUMPER SETTING O/P VOLTAGE
1 CTL Output Voltage ON / OFF control SHORT 2 & 3 5v
2 vce Power supply voltage input SHORT 1 & 2 3.3V
3 N.C. Unconnected terminal REMOVE JUMPER 1.9v
4 ouT Voltage output
TP4 PS5 P8

5 o] Output voltage regulation terminal BLACK BLACK BLACK

NO LOAD NO LOAD
6 GND Ground

GND Test Points
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CYBCKIT-042-BLE-A PIONEER BASEBGARD

The input to the LDO can come from either the USB, the VIN pin in the Arduino header J1, or header
Jo.

Note: The typical dropout voltage of the selected LDO is 0.3 V at 500-mA output current. This gives
a minimum output of 4.6 V from the input voltage of 5 V from the VBUS. This drop also considers the
voltage drop across the Schottky diode connected at the output of the LDO to protect against voltage

applied at the output terminal of the regulator. An input voltage supply over 12 V can damage the
board.
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The BLE Pioneer Baseboard also contains a CR2032 coin cell holder to power it using a coin cell, as

shown in Figure 5-2.
Figure 5-2. Schematics and Board Highlight of Coin Cell Holder

CR20322 Coin Cell
Battery Holder

ET1 D10

3, |2 FL. VDD

5.1.2.1 Protection Circuits
The power supply rail has reverse-voltage, overvoltage, short circuits, and excess current protection

features, as shown in Figure 5-3.
Figure 5-3. Power Supply Block Diagram With Protection Circuits

3.3V

MOSFET based
Protection Ckt

ESD
Protection
m A PTC resettable fuse is connected to protect the computer's USB ports from shorts and

overcurrent.
ORing diodes prevent damage to components when the BLE Pioneer Baseboard is powered

from different voltage sources at the same time.
ESD protection is provided for the USB Mini-B connector.
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m A MOSFET-based protection circuit is provided for overvoltage and reverse-voltage protection for

the 3.3-V rail from J1.5, as shown in Figure 5-4.

Figure 5-4. Schematics and Board Highlight of MOSFET Protection Circuit for 3.3-V Rail from J1.5
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5.1.2.2 Current Measurement Jumper

To demonstrate the low power consumption of PSoC 4 BLE/PRoC BLE Module, a two-pin header
(J15) is populated in series with the power supply to the module. This can be used to measure cur-
rent using an ammeter without the need to desolder any component from the BLE Pioneer Base-
board, as shown in Figure 5-5.

Figure 5-5. Schematics and Board Highlight of Current Measurement Jumper
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R4 RO
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PSoC 5LP GPIO Header (J8)

An 8x2 header is provided on the BLE Pioneer Baseboard to pull out several pins of PSoC 5LP to
support advanced features such as a low-speed oscilloscope and a low-speed digital logic analyzer
(see Figure 5-11). This header also contains the USB-Serial interface pins that can be used when
these pins are not accessible on the Arduino headers because a shield is connected.

VDD
T J8
1 P5LP1 2
P5P0 0 3 | ! 2 4 P5LP0 1
P5.P3 4 5 |3 4 B5LP3 5
P5LP3 6 7 g g P5LP3 7
F5Lp 5L
UART RXy—ESLE12. 68 1 4o |10 ESLEIZT siaRT TX
X 1 12 =
P5LP12 Of 4 P5LP12 5
PEFr 515 13 14 (g KO>SPI_MOsI
SPI_SSELL, = 15 16
8x2 RECPT

PSoC 5LP GPIO Expansion Header

USB-Serial Bridge Connections

PS5LP12_6 --- UART RX
PSLP12_7 --- UART TX
PSLP12_0 - - SPI SCLK / I2C SCL
PS5LP12_1 --- ---- SPI MISO / I2C SDA
P5LP12 5 --- ---- SPI MOSI
PSLP2_5 ------------- SPI SSEL

i i

Note: You can use PSoC 5LP for your own custom firmware.
Figure 5-11. Schematics and Board Highlight of PSoC 5LP GPIO Expansion Header
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515 USB Mini-B Connector

The PSoC 5LP connects to the USB port of a computer through a Mini-B connector (see
Figure 5-12), which can also be used to power the BLE Pineer Baseboard. A resettable polyfuse is
used to protect the computer's USB ports from shorts and overcurrent. If more than 500 mA is drawn
from the USB port, the fuse will automatically break the connection until the short or overload is
removed.

Figure 5-12. Schematics and Board Highlight of USB Mini-B Connector
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-
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5.1.10  Serial Interconnection between KitProg and Module

The KitProg is also a USB-Serial interface. It supports USB-UART and USB-I2C bridges (see
Figure 5-19). The pull-up resistors on the I2C bus are enabled when the protocol is selected from the
user interface (such as Bridge Control Panel). The USB-Serial pins of the KitProg are also available
on the Arduino header; therefore, it can be used to control Arduino shields with the SPI/I’C/UART
interface. Refer USB-UART Bridge on page 32 and USB-I2C Bridge on page 33 for more information
on how to use these serial interconnections.

Figure 5-19. Schematics and Board Highlight of Serial Interface and I°C Pull-Up via FET
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51.11 Module Headers

The PSoC 4 BLE and PRoC BLE Modules are connected to the BLE Pioneer Baseboard using the
two (24-pin and 20-pin) module headers, as shown in Figure 5-20.

Figure 5-20. Schematics and Board Highlight of Module Headers
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P16 1 2 VDDD P34 5 P3 5
P17 4 GND P32 7 P3 3
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P14 0 P06 P4 1 4 P50
P 2 P12 P2 6 6 P2 7
EF 4 P10 P2 4 P2 5
PO 4 6 PO _5 P2 2 19 0 P23
PO 2 PO _3 P2 0 21 2 P2 1
PO O PO_1 DDR 23 4 GND

= ——

HEADER 10x2 HEADER 12x2
Digital Pins Analog Pins

e T
Daact?
| mDcs REMOEM,
(Y T3] T e e 3

o3 CLo@EREC,

ﬂ'.:"“ (=208
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CYBCKIT-042-BLE-A FIONEER RASEBOARD

For information on how to add these on your own board, refer to Adding BLE Module-Compatible
Headers on Your Baseboard on page 126.
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5.2 Module Board

521 PSoC 4 BLE or PRoC BLE Device

The PRoC BLE or PSoC 4 BLE device is the main component on the module. It provides the RF
interface and analog and digital capability. The PRoC BLE or PSoC 4 BLE pins are mapped to the
module headers (see Figure 5-21). For more information, refer to the BLE web page.

See BLE Modules and BLE Dongles Compatible with the BLE Pioneer Kit on page 128 for details.
Figure 5-21. Schematics and Board Highlight of Module Headers for BLE Pins
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522 Module Power Connections

The module has three power domains: VDDD, VDDA, and VDDR. The VDDD connection supplies
power for digital device operation, VDDA supplies power for analog device operation, and VDDR
connection supplies power for the device radio. By default, these domains are shorted using a
330-ohm, 100-MHz ferrite bead. The domains are shorted for standalone usage scenarios of mod-
ule, such as programming the module using MiniProg 3 or using the module as a standalone data
acquisition unit.

It is recommended to place the ferrite bead between the supply to avoid ripple between VDDR and
the other two domains. If the supply ripple is less that 100 mV, these can be changed to a zero-ohm
resistor.

Figure 5-22. Schematics and Board Highlight of Ferrite Bead and Power Pin
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523 Module Headers (20-Pin and 24-Pin Headers)

The PSoC 4 BLE and PRoC BLE Modules connect to the BLE Pioneer Baseboard using two (20-pin
and 24-pin) module headers (Figure 5-23). All GPIOs and power domains are brought out to these
headers. These headers are the counterparts of the connectors in Expansion Connectors on
page 94.
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Figure 5-23. Schematics and Board Highlight of Headers
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524 Wiggle Antenna

Both the modules use the wiggle antenna. Refer to the Antenna Design Guide (AN91445) for details.
Figure 5-24. Board Highlight of Wiggle Antenna
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5.2.5 Antenna Matching Network
An Antenna Matching Network is required between the BLE device and the antenna to achieve opti-
mum performance (Figure 5-25). The matching network has four main tasks:
m Transform the balanced output of the radio to an unbalanced connection to the antenna (balun).
m Transform the output impedance of the radio to a 50-ohm antenna.
m Suppress harmonics to a level below the regulations level in TX mode.
m Suppress the local oscillator (LO) leakage in RX mode.

Figure 5-25. Schematics and Board Highlight of Antenna Matching Network and Antenna
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BLE Passives

Module boards include a 24-MHz crystal and a 32-kHz crystal, the CMOD and shield (CTANK) cir-
cuit for CapSense, a SAR bypass capacitor, and adequate decoupling capacitors for all the power
domains, as shown in Figure 5-26.

Figure 5-26. Schematics and Board Highlight — External Crystal, CMOD, CTANK, Decaps, Jumpers
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Adding BLE Module-Compatible Headers on Your Baseboard

The baseboard should have a 20-pin header and a 24-pin header. Dimension of these connectors

are given here.

Figure A-1. Connectors on BLE Pioneer Kit Baseboard

These headers are available for purchase from Digikey.

Description Manufacturer

Manufacturer Part
Number

Digikey Part Number

CONN HEADER 2.54MM | Sullins Connector

SBH11-PBPC-D12-ST-BK

SBH11-PBPC-D12-ST-BK-

24P0OS GOLD Solutions ND
CONN HEADER 2.54MM |Sullins Connector
20POS GOLD Solutions SBH11-PBPC-D10-ST-BK|S9172-ND

CYB8CKIT-042-BLE-A Bluetooth® Low Energy (BLE) Pioneer Kit Guide, Doc. # 002-11468 Rev. **

126


http://www.digikey.com/product-search/en?KeyWords=SBH11-PBPC-D10-ST-BK&WT.z_header=search_go
http://www.digikey.com/product-search/en?x=12&y=21&lang=en&site=us&keywords=SBH11-PBPC-D12-ST-BK

— A - PSoC® 4: PSoC 4XX8 BLE 4.2
=== (CYPRESS Family Datasheet

BTl Programmable System-on-Chip (PSoC®)

General Description

PSoC® 4 is a scalable and reconfigurable platform architecture for a family of programmable embedded system controllers with an
ARM® Cortex®-M0 CPU. It combines programmable and reconfigurable analog and digital blocks with flexible automatic routing. The
PSoC 4XX8 BLE 4.2 product family, based on this platform, is a combination of a microcontroller with an integrated Bluetooth Low
Energy (BLE), also known as Bluetooth Smart, radio and subsystem (BLESS). The other features include digital programmable logic,
high-performance analog-to-digital conversion (ADC), opamps with Comparator mode, and standard communication and timing

peripherals. The programmable analog and digital subsystems allow flexibility and in-field tuning of the design.

Features

32-bit MCU Subsystem

m 48-MHz ARM Cortex-M0 CPU with single-cycle multiply and
DMA

m Up to 256 KB of flash with Read Accelerator
m Up to 32 KB of SRAM

BLE Radio and Subsystem

m BLE 4.2 support

m 2.4-GHz RF transceiver with 50-Q antenna drive

m Digital PHY

m Link-Layer engine supporting master and slave modes
m RF output power: —18 dBm to +3 dBm

m RX sensitivity: =92 dBm

m RX current: 18.7 mA

m TX current: 16.5 mA at 0 dBm

m RSSI: 1-dB resolution

Programmable Analog

m Four opamps with reconfigurable high-drive external and
high-bandwidth internal drive, Comparator modes, and ADC
input buffering capability. Can operate in Deep Sleep mode.

m 12-bit, 1-Msps SAR ADC with differential and single-ended
modes; Channel Sequencer with signal averaging

m Two current DACs (IDACs) for general-purpose or capacitive
sensing applications on any pin

m Two low-power comparators that operate in Deep Sleep mode

Programmable Digital

m Four programmable logic blocks called universal digital blocks,
(UDBs), each with eight macrocells and data path

m Cypress-provided peripheral component library, user-defined
state machines, and Verilog input

Power Management

m Active mode: 1.7 mA at 3-MHz flash program execution

m Deep Sleep mode: 1.5 pyA with watch crystal oscillator (WCO)
on

m Hibernate mode: 150 nA with RAM retention
m Stop mode: 60 nA

Cypress Semiconductor Corporation
Document Number: 002-09848 Rev. *C

198 Champion Court .

Capacitive Sensing

m Cypress Capacitive Sigma-Delta (CSD) provides best-in-class
SNR (>5:1) and liquid tolerance

m Cypress-supplied software component makes capacitive
sensing design easy

m Automatic hardware tuning algorithm (SmartSense ™)

Segment LCD Drive
m LCD drive supported on all pins (common or segment)
m Operates in Deep Sleep mode with four bits per pin memory

Serial Communication

m Two independent run-time reconfigurable serial communi-
cation blocks (SCBs) with reconfigurable 12C, SPI, or UART
functionality

Timing and Pulse-Width Modulation

m Four 16-bit timer/counter pulse-width modulator (TCPWM)
blocks

m Center-aligned, Edge, and Pseudo-random modes

m Comparator-based triggering of Kill signals for motor drive and
other high-reliability digital logic applications

Up to 36 Programmable GPIOs

m 7 mm x 7 mm 56-pin QFN package

m 76-ball CSP package

m Any GPIO pin can be CapSense, LCD, analog, or digital

m Two overvoltage-tolerant (OVT) pins; drive modes, strengths,
and slew rates are programmable

PSoC Creator™ Design Environment

m Integrated Design Environment (IDE) provides schematic
design entry and build (with analog and digital automatic
routing)

m API components for all fixed-function and programmable
peripherals
Industry-Standard Tool Compatibility

m After schematic entry, development can be done with
ARM-based industry-standard development tools

San Jose, CA 95134-1709 . 408-943-2600
Revised September 16, 2016
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More Information

Cypress provides a wealth of data at http://www.cypress.com to
help you to select the right PSoC device for your design, and to
help you to quickly and effectively integrate the device into your
design. For a comprehensive list of resources, see the intro-
duction page for Bluetooth® Low Energy (BLE) Products.

Following is an abbreviated list for PRoC BLE:

m Overview: PSoC Portfolio, PSoC Roadmap

m Product Selectors: PSoC 1, PSoC 3, PSoC 4, PRoC BLE,
PSoC 4 BLE, PSoC 5LP In addition, PSoC Creator includes a
device selection tool.

m Application Notes: Cypress offers a large number of PSoC
application notes coverting a broad range of topics, from basic
to advanced level. Recommended application notes for getting
started with PRoC BLE are:

0 AN94020: Getting Started with PRoC BLE

a1 AN97060: PSoC 4 BLE and PRoC BLE - Over-The-Air (OTA)
Device Firmware Upgrade (DFU) Guide

7 AN91184: PSoC 4 BLE - Designing BLE Applications
1 AN91162: Creating a BLE Custom Profile

a AN91445: Antenna Design and RF Layout Guidelines
a AN96841: Getting Started With EZ-BLE Module

a AN85951: PSoC 4 CapSense Design Guide

PSoC Creator

1 AN95089: PSoC 4/PRoC BLE Crystal Oscillator Selection
and Tuning Techniques

0 AN92584: Designing for Low Power and Estimating Battery
Life for BLE Applications

m Technical Reference Manual (TRM) is in two documents:
o Architecture TRM details each PRoC BLE functional block
a Registers TRM describes each of the PRoC BLE registers
m Development Kits:

1 CY8CKIT-042-BLE Pioneer Kit, is a flexible, Arduino-com-
patible, Bluetooth LE development kit for PSoC 4 BLE and
PRoC BLE.

1 CY5676, PRoC BLE 256KB Module, features a PRoC BLE
256KB device, two crystals for the antenna matching net-
work, a PCB antenna and other passives, while providing
access to all GPIOs of the device.

1 CY8CKIT-142, PSoC 4 BLE Module, features a PSoC 4 BLE
device, two crystals for the antenna matching network, a PCB
antenna and other passives, while providing access to all
GPIOs of the device.

1 CY8CKIT-143,PSoC 4 BLE 256KB Module, features a PSoC
4 BLE 256KB device, two crystals for the antenna matching
network, a PCB antenna and other passives, while providing
access to all GPIOs of the device.

a The MiniProg3 device provides an interface for flash pro-
gramming and debug.

PSoC Creator is a free Windows-based Integrated Design Environment (IDE). It enables concurrent hardware and firmware design
of PSoC 3, PSoC 4, and PSoC 5LP based systems. Create designs using classic, familiar schematic capture supported by over 100
pre-verified, production-ready PSoC Components; see the list of component datasheets. With PSoC Creator, you can:

1. Drag and drop component icons to build your hardware
system design in the main design workspace

2. Codesign your application firmware with the PSoC hardware,
using the PSoC Creator IDE C compiler

Figure 1. Multiple-Sensor Example Project in PSoC Creator Contents

3. Configure components using the configuration tools
4. Explore the library of 100+ components
5. Review component datasheets
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Figure 2. Block Diagram
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The PSoC 4XX8 BLE 4.2 devices include extensive support for
programming, testing, debugging, and tracing both hardware
and firmware.

The ARM SWD interface supports all programming and debug
features of the device.

Complete debug-on-chip functionality enables full-device
debugging in the final system using the standard production
device. It does not require special interfaces, debugging pods,
simulators, or emulators. Only the standard programming
connections are required to fully support debugging.

The PSoC Creator IDE provides fully integrated programming
and debugging support for the PSoC 4XX8 BLE 4.2 devices. The
SWD interface is fully compatible with industry-standard
third-party tools. With the ability to disable debug features, very
robust flash protection, and allowing customer-proprietary
functionality to be implemented in on-chip programmable blocks,
the PSoC 4XX8 BLE 4.2 family provides a level of security not
possible with multi-chip application solutions or with microcon-
trollers.

Document Number: 002-09848 Rev. *C

Debug circuits are enabled by default and can only be disabled
in firmware. If not enabled, the only way to re-enable them is to
erase the entire device, clear flash protection, and reprogram the
device with the new firmware that enables debugging.

Additionally, all device interfaces can be permanently disabled
(device security) for applications concerned about phishing
attacks due to a maliciously reprogrammed device or attempts to
defeat security by starting and interrupting flash programming
sequences. Because all programming, debug, and test inter-
faces are disabled when maximum device security is enabled,
PSoC 4XX8 BLE 4.2 with device security enabled may not be
returned for failure analysis. This is a trade-off the PSoC 4XX8
BLE 4.2 allows the customer to make.
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Functional Definition

CPU and Memory Subsystem

PU

The Cortex-M0 CPU in PSoC 4XX8 BLE 4.2 is part of the 32-bit
MCU subsystem, which is optimized for low-power operation
with extensive clock gating. It mostly uses 16-bit instructions and
executes a subset of the Thumb-2 instruction set. This enables
fully compatible binary upward migration of the code to
higher-performance processors such as Cortex-M3 and M4. The
Cypress implementation includes a hardware multiplier that
provides a 32-bit resultin one cycle. It includes a nested vectored
interrupt controller (NVIC) block with 32 interrupt inputs and a
wakeup interrupt controller (WIC). The WIC can wake the
processor up from the Deep Sleep mode, allowing power to the
main processor to be switched off when the chip is in the Deep
Sleep mode. The Cortex-MO CPU provides a nonmaskable
interrupt (NMI) input, which is made available to the user when
it is not in use for system functions requested by the user.

)

The CPU also includes an SWD interface, which is a 2-wire form
of JTAG; the debug configuration used for PSoC 4XX8 BLE 4.2
has four break-point (address) comparators and two watchpoint
(data) comparators.

Flash

The PSoC 4XX8 BLE 4.2 device has a flash module with either
128 KB or 256 KB of flash memory, tightly coupled to the CPU to
improve average access times from the flash block. The flash
block is designed to deliver 2 wait-state (WS) access time at 48
MHz and with 1-WS access time at 24 MHz. The flash
accelerator delivers 85% of single-cycle SRAM access
performance on average. Part of the flash module can be used
to emulate EEPROM operation if required. Maximum erase and
program time is 20 ms per row (256 bytes). This also applies to
the emulated EEPROM.

SRAM
SRAM memory is retained during Hibernate.

SROM

The 8-KB supervisory ROM contains a library of executable
functions for flash programming. These functions are accessed
through supervisory calls (SVC) and enable in-system
programming of the flash memory.

DMA

A DMA engine, with eight channels, is provided that can do 32-bit
transfers and has chainable ping-pong descriptors.

System Resources
Power System

The power system is described in detail in the section Power on
page 16. It provides an assurance that the voltage levels are as
required for the respective modes, and can either delay the mode
entry (on power-on reset (POR), for example) until voltage levels
are as required or generate resets (brownout detect (BOD)) or

interrupts when the power supply reaches a particular program-
mable level between 1.8 and 4.5 V (low voltage detect (LVD)).

Document Number: 002-09848 Rev. *C

PSoC 4XX8 BLE 4.2 operates with a single external supply (1.71
to 5.5 V without radio, and 1.9 V to 5.5 V with radio). The device
has five different power modes; transitions between these modes
are managed by the power system. PSoC 4XX8 BLE 4.2 provides
Sleep, Deep Sleep, Hibernate, and Stop low-power modes. Refer
to the Technical Reference Manual for more details.

Clock System

The PSoC 4XX8 BLE 4.2 clock system is responsible for
providing clocks to all subsystems that require clocks and for
switching between different clock sources without glitching. In
addition, the clock system ensures that no metastable conditions
occur.

The clock system for PSoC 4XX8 BLE 4.2 consists of the internal
main oscillator (IMO), the internal low-speed oscillator (ILO), the
24-MHz external crystal oscillator (ECO) and the 32-kHz watch
crystal oscillator (WCO). In addition, an external clock may be
supplied from a pin.

IMO Clock Source

The IMO is the primary source of internal clocking in PSoC 4XX8
BLE 4.2. It is trimmed during testing to achieve the specified
accuracy. Trim values are stored in nonvolatile latches (NVL).
Additional trim settings from flash can be used to compensate for
changes. The IMO default frequency is 24 MHz and it can be
adjusted between 3 to 48 MHz in steps of 1 MHz. The IMO
tolerance with Cypress-provided calibration settings is +2%.

ILO Clock Source

The ILO is a very low-power oscillator, which is primarily used to
generate clocks for the peripheral operation in the Deep Sleep
mode. ILO-driven counters can be calibrated to the IMO to
improve accuracy. Cypress provides a software component,
which does the calibration.

External Crystal Oscillator (ECQO)

The ECO is used as the active clock for the BLE subsystem to
meet the 50-ppm clock accuracy of the Bluetooth 4.2
Specification. PSoC 4XX8 BLE 4.2 includes a tunable load
capacitor to tune the crystal clock frequency by measuring the
actual clock frequency. The high-accuracy ECO clock can also
be used as a system clock.

Watch Crystal Oscillator (WCO)

The WCO is used as the sleep clock for the BLE subsystem to
meet the +500-ppm clock accuracy for the Bluetooth 4.2
Specification. The sleep clock provides an accurate sleep timing
and enables wakeup at the specified advertisement and
connection intervals. The WCO output can be used to realize the
real-time clock (RTC) function in firmware.

Watchdog Timer

A watchdog timer is implemented in the clock block running from
the ILO or from the WCO; this allows the watchdog operation
during Deep Sleep and generates a watchdog reset if not
serviced before the timeout occurs. The watchdog reset is
recorded in the Reset Cause register. With the WCO and
firmware, an accurate real-time clock (within the bounds of the
32-kHz crystal accuracy) can be realized.
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Figure 3. PSoC 4XX8 BLE 4.2 MCU Clocking Architecture
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The HFCLK signal can be divided down (see Figure 3) to
generate synchronous clocks for the UDBs, and the analog and
digital peripherals. There are a total of 12 clock dividers for
PSoC 4XX8 BLE 4.2: ten with 16-bit divide capability and two
with 16.5-bit divide capability. This allows the generation of 16
divided clock signals, which can be used by peripheral blocks.
The analog clock leads the digital clocks to allow analog events
to occur before the digital clock-related noise is generated. The
16-bit and 16.5-bit dividers allow a lot of flexibility in generating
fine-grained frequency values and are fully supported in PSoC
Creator.

Reset

PSoC 4XX8 BLE 4.2 device can be reset from a variety of
sources including a software reset. Reset events are
asynchronous and guarantee reversion to a known state. The
reset cause is recorded in a register, which is sticky through
resets and allows the software to determine the cause of the
reset. An XRES pin is reserved for an external reset to avoid
complications with the configuration and multiple pin functions
during power-on or reconfiguration. The XRES pin has an
internal pull-up resistor that is always enabled.

Voltage Reference

The PSoC 4XX8 BLE 4.2 reference system generates all inter-
nally required references. A one-percent voltage reference spec
is provided for the 12-bit ADC. To allow better signal-to-noise
ratios (SNR) and better absolute accuracy, it is possible to
bypass the internal reference using a GPIO pin or use an
external reference for the SAR. Refer to Table 19, “SAR ADC AC
Specifications,” on page 26 for details.
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BLE Radio and Subsystem

PSoC 4XX8 BLE 4.2 incorporates a Bluetooth Smart subsystem
that contains the Physical Layer (PHY) and Link Layer (LL)
engines with an embedded AES-128 security engine. The
physical layer consists of the digital PHY and the RF transceiver
that transmits and receives GFSK packets at 1 Mbps over a
2.4-GHz ISM band, which is compliant with Bluetooth Smart
Bluetooth Specification 4.2. The baseband controller is a
composite hardware and firmware implementation that supports
both master and slave modes. Key protocol elements, such as
HCI and link control, are implemented in firmware. Time-critical
functional blocks, such as encryption, CRC, data whitening, and
access code correlation, are implemented in hardware (in the LL
engine).

The RF transceiver contains an integrated balun, which provides
a single-ended RF port pin to drive a 50-Q antenna via a
matching/filtering network. In the receive direction, this block
converts the RF signal from the antenna to a digital bit stream
after performing GFSK demodulation. In the transmit direction,
this block performs GFSK modulation and then converts a digital
baseband signal to a radio frequency before transmitting it to air
through the antenna.

The Bluetooth Smart Radio and Subsystem (BLESS) requires a
1.9-V minimum supply (the range varies from 1.9 V to 5.5 V).

Key features of BLESS are as follows:

m Master and slave single-mode protocol stack with logical link
control and adaptation protocol (L2CAP), attribute (ATT), and
security manager (SM) protocols

m API| access to generic attribute profile (GATT), generic access
profile (GAP), and L2CAP

m L2CAP connection-oriented channel

m GAP features
0 Broadcaster, Observer, Peripheral, and Central roles
A Security mode 1: Level 1, 2, 3, and 4
A Security mode 2: Level 1 and 2
a User-defined advertising data
A Multiple bond support
m GATT features
a GATT client and server
o Supports GATT sub-procedures
a 32-bit universally unique identifier (UUID)
m Security Manager (SM)
o Pairing methods: Just works, Passkey Entry, Out of Band and
Numeric Comparison
0 Authenticated man-in-the-middle (MITM) protection and data
signing
A LE Secure Connections (Bluetooth 4.2 feature)
m Link Layer (LL)
A Master and Slave roles
a 128-bit AES engine
o Encryption
o Low-duty cycle advertising
o LE Ping
0 LE Data Packet Length Extension (Bluetooth 4.2 feature)
o Link Layer Privacy (with extended scanning filter policy, Blue-
tooth 4.2 feature)
m Supports all SIG-adopted BLE profiles
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Analog Blocks

12-bit SAR ADC

The 12-bit, 1-Msps SAR ADC can operate at a maximum clock
rate of 18 MHz and requires a minimum of 18 clocks at that
frequency to do a 12-bit conversion (up to 806 Ksps for the
PSoC 41X8_BLE derivatives).

The block functionality is augmented for the user by adding a
reference buffer to it (trimmable to +1%) and by providing the
choice of three internal voltage references, Vpp, Vpp/2, and
Vrer (nominally 1.024 V), as well as an external reference
through a GPIO pin. The Sample-and-Hold (S/H) aperture is
programmabile; it allows the gain bandwidth requirements of the
amplifier driving the SAR inputs, which determine its settling
time, to be relaxed if required. System performance will be 65 dB
for true 12-bit precision provided appropriate references are
used and system noise levels permit it. To improve the perfor-
mance in noisy conditions, it is possible to provide an external
bypass (through a fixed pin location) for the internal reference
amplifier.

Figure 4. SAR ADC

!

The SAR is connected to a fixed set of pins through an 8-input
sequencer. The sequencer cycles through the selected channels
autonomously (sequencer scan) and does so with zero switching
overhead (that is, the aggregate sampling bandwidth is equal to
1 Msps whether it is for a single channel or distributed over
several channels). The sequencer switching is effected through
a state machine or through firmware-driven switching. A feature
provided by the sequencer is the buffering of each channel to
reduce CPU interrupt-service requirements. To accommodate
signals with varying source impedances and frequencies, it is
possible to have different sample times programmable for each
channel. Also, the signal range specification through a pair of
range registers (low and high range values) is implemented with
a corresponding out-of-range interrupt if the digitized value
exceeds the programmed range; this allows fast detection of
out-of-range values without having to wait for a sequencer scan
to be completed and the CPU to read the values and check for
out-of-range values in software.

The SAR is able to digitize the output of the on-chip temperature
sensor for calibration and other temperature-dependent
functions. The SAR is not available in Deep Sleep and Hibernate
modes as it requires a high-speed clock (up to 18 MHz). The
SAR operating range is 1.71 to 5.5 V.

System Diagram
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Opamps (CTBm Block)

PSoC 42X8 BLE has four opamps with Comparator modes,
which allow most common analog functions to be performed
on-chip, eliminating external components. PGAs, voltage
buffers, filters, transimpedance amplifiers, and other functions
can be realized with external passives saving power, cost, and
space. The on-chip opamps are designed with enough
bandwidth to drive the sample-and-hold circuit of the ADC
without requiring external buffering.

Temperature Sensor

PSoC 4XX8 BLE 4.2 has an on-chip temperature sensor. This
consists of a diode, which is biased by a current source that can
be disabled to save power. The temperature sensor is connected

Document Number: 002-09848 Rev. *C

to the ADC, which digitizes the reading and produces a temper-
ature value by using a Cypress-supplied software that includes
calibration and linearization.

Low-Power Comparators

PSoC 4XX8 BLE 4.2 has a pair of low-power comparators, which
can also operate in Deep Sleep and Hibernate modes. This
allows the analog system blocks to be disabled while retaining
the ability to monitor external voltage levels during low-power
modes. The comparator outputs are normally synchronized to
avoid metastability unless operating in an asynchronous power
mode (Hibernate) where the system wake-up circuit is activated
by a comparator-switch event.
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Programmable Digital

Universal Digital Blocks (UDBs) and Port Interfaces

The PSoC 4XX8 BLE 4.2 has four UDBs; the UDB array also
provides a switched Digital System Interconnect (DSI) fabric that
allows signals from peripherals and ports to be routed to and
through the UDBs for communication and control.

Figure 5. UDB Array

s cPU
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UDBs can be clocked from a clock-divider block, from a port
interface (required for peripherals such as SPI), and from the DSI
network directly or after synchronization.

A port interface is defined, which acts as a register that can be
clocked with the same source as the PLDs inside the UDB array.
This allows a faster operation because the inputs and outputs
can be registered at the port interface close to the 1/0 pins and
at the edge of the array. The port interface registers can be
clocked by one of the I/Os from the same port. This allows
interfaces such as SPI to operate at higher clock speeds by
eliminating the delay for the port input to be routed over DSI and
used to register other inputs (see Figure 6).

Figure 6. Port Interface
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UDBs can generate interrupts (one UDB at a time) to the interrupt controller. UDBs retain the ability to connect to any pin on the chip

through the DSI.
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Fixed-Function Digital

Timer/Counter/PWM Block

The timer/counter/PWM block consists of four 16-bit counters
with user-programmable period length. There is a Capture
register to record the count value at the time of an event (which
may be an I/O event), a period register which is used to either
stop or auto-reload the counter when its count is equal to the
period register, and compare registers to generate compare
value signals which are used as PWM duty cycle outputs. The
block also provides true and complementary outputs with
programmable offset between them to allow the use as
deadband programmable complementary PWM outputs. It also
has a Kill input to force outputs to a predetermined state; for
example, this is used in motor-drive systems when an
overcurrent state is indicated and the PWMs driving the FETs
need to be shut off immediately with no time for software
intervention.

Serial Communication Blocks (SCB)

PSoC 4XX8 BLE 4.2 has two SCBs, each of which can
implement an I2C, UART, or SPI interface.

I’C Mode: The hardware I°C block implements a full
multi-master and slave interface (it is capable of multimaster
arbitration). This block is capable of operating at speeds of up to
1 Mbps (Fast Mode Plus) and has flexible buffering options to
reduce the |nterrupt overhead and latency for the CPU. It also
supports EzI2C that creates a mailbox address range in the
memory of PSoC 4XX8 BLE 4.2 and effectively reduces the 1°C
communication to reading from and writing to an array in the
memory. In addition, the block supports an 8-deep FIFO for
receive and transmit, which, by increasing the time given for the
CPU to read the data, greatly reduces the need for clock
stretching caused by the CPU not having read the data on time.
The FIFO mode is available in all channels and is very useful in
the absence of DMA.

The I1°C peripheral is compatible with I°C Standard-mode,
Fast-mode, and Fast-Mode Plus devices as defined in the NXP
I2C-bus specification and user manual (UM10204). The I1°C bus
I/0 is implemented with GPIO in open-drain modes.

SCB1 is fully compliant with Standard mode (100 kHz), Fast
mode (400 kHz), and Fast-Mode Plus (1 MHz) 1°C signaling
specifications when routed to GPIO pins P5[0] and P5[1], except
for hot-swap capability during I2C active communication. The
remaining GPIOs do not meet the hot-swap specification (Vpp
off; draw < 10-pA current) for Fast mode and Fast-Mode Plus,
loL Spec (20 mA) for Fast-Mode Plus, hysteresis spec (0.05 Vpp)
for Fast mode and Fast-Mode Plus, and minimum fall time spec
for Fast mode and Fast-Mode Plus.

m GPIO cells, including P5.0 and P5.1, cannot be hot-swapped
or powered up independent of the rest of the 12c system.

m The GPIO pins P5.0 and P5.1 are over-voltage tolerant but
cannot be hot-swapped or powered up independent of the rest
of the 12C system

m Fast-Mode Plus has an |, specification of 20 mA at a Vg of
0.4 V. The GPIO cells can sink a maximum of 8 mA I, with a
VoL maximum of 0.6 V.

m Fast-mode and Fast-Mode Plus specify minimum Fall times,
which are not met with the GPIO cell; the Slow-Strong mode
can help meet this spec depending on the bus load.

Document Number: 002-09848 Rev. *C

UART Mode: This is a full-feature UART operating at up to
1 Mbps. It supports automotive single-wire interface (LIN),
infrared interface (IrDA), and SmartCard (ISO7816) protocols, all
of which are minor variants of the basic UART protocol. In
addition, it supports the 9-bit multiprocessor mode that allows the
addressing of peripherals connected over common RX and TX
lines. Common UART functions such as parity error, break
detect, and frame error are supported. An 8-deep FIFO allows
much greater CPU service latencies to be tolerated. Note that
hardware handshaking is not supported. This is not commonly
used and can be implemented with a UDB-based UART in the
system, if required.

SPI Mode: The SPI mode supports full Motorola SPI, Tl Secure
Simple Pairing (SSP) (essentially adds a start pulse that is used
to synchronize SPI Codecs), and National Microwire (half-duplex
form of SPI). The SPI block can use the FIFO for transmit and
receive.

GPIO

PSoC 4XX8 BLE 4.2 has 36 GPIOs. The GPIO block implements
the following:

m Eight drive strength modes:
o Analog input mode (input and output buffers disabled)
A Input only
o Weak pull-up with strong pull-down
A Strong pull-up with weak pull-down
a Open drain with strong pull-down
o Open drain with strong pull-up
a Strong pull-up with strong pull-down
a Weak pull-up with weak pull-down

m Input threshold select (CMOS or LVTTL)
m Pins 0 and 1 of Port 5 are overvoltage-tolerant pins

m Individual control of input and output buffer enabling/disabling
in addition to drive-strength modes

m Hold mode for latching previous state (used for retaining the
I/O state in Deep Sleep and Hibernate modes)

m Selectable slew rates for dV/dt-related noise control to improve
EMI

The pins are organized in logical entities called ports, which are
8-bit in width. During power-on and reset, the blocks are forced
to the disable state so as not to crowbar any inputs and/or cause
excess turn-on current. A multiplexing network known as a
high-speed 1/0 matrix (HSIOM) is used to multiplex between
various signals that may connect to an 1/O pin. Pin locations for
fixed-function peripherals are also fixed to reduce internal multi-
plexing complexity (these signals do not go through the DSI
network). DSI signals are not affected by this and any pin may
be routed to any UDB through the DSI network.

Data output and pin-state registers store, respectively, the values
to be driven on the pins and the states of the pins themselves.

Every 1/O pin can generate an interrupt if so enabled and each
I/O port has an interrupt request (IRQ) and interrupt service
routine (ISR) vector associated with it (5 for PSoC 4XX8 BLE
4.2).
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Pinouts

Table 1 shows the pin list for the PSoC 4XX8 BLE 4.2 device. Port 3 consists of the high-speed analog inputs for the SAR mux. All
pins support CSD CapSense and analog mux bus connections.

Table 1. PSoC 4XX8 BLE 4.2 Pin List (QFN Package)

Pin Name Type Description
1 VDDD POWER 1.71-V to 5.5-V digital supply
2 XTAL320/P6.0 CLOCK 32.768-kHz crystal
3 XTAL32I/P6.1 CLOCK 32.768-kHz crystal or external clock input
4 XRES RESET Reset, active LOW
5 P4.0 GPIO Port 4 Pin 0, Icd, csd
6 P4.1 GPIO Port 4 Pin 1, Icd, csd
7 P5.0 GPIO Port 5 Pin 0, Icd, csd
8 P5.1 GPIO Port 5 Pin 1, lcd, csd
9 VSSD GROUND Digital ground
10 VDDR POWER 1.9-V to 5.5-V radio supply
11 GANT1 GROUND Antenna shielding ground
12 ANT ANTENNA Antenna pin
13 GANT2 GROUND Antenna shielding ground
14 VDDR POWER 1.9-V to 5.5-V radio supply
15 VDDR POWER 1.9-V to 5.5-V radio supply
16 XTAL241 CLOCK 24-MHz crystal or external clock input
17 XTAL240 CLOCK 24-MHz crystal
18 VDDR POWER 1.9-V to 5.5-V radio supply
19 P0.0 GPIO Port 0 Pin 0, Icd, csd
20 PO0.1 GPIO Port 0 Pin 1, lcd, csd
21 P0.2 GPIO Port 0 Pin 2, Icd, csd
22 P0.3 GPIO Port 0 Pin 3, Icd, csd
23 vVDDD POWER 1.71-V to 5.5-V digital supply
24 P0.4 GPIO Port 0 Pin 4, Icd, csd
25 P0.5 GPIO Port 0 Pin 5, Icd, csd
26 P0.6 GPIO Port 0 Pin 6, lcd, csd
27 P0.7 GPIO Port 0 Pin 7, Icd, csd
28 P1.0 GPIO Port 1 Pin 0, Icd, csd
29 P1.1 GPIO Port 1 Pin 1, lcd, csd
30 P1.2 GPIO Port 1 Pin 2, Icd, csd
31 P1.3 GPIO Port 1 Pin 3, Icd, csd
32 P1.4 GPIO Port 1 Pin 4, Icd, csd
33 P1.5 GPIO Port 1 Pin 5, Icd, csd
34 P1.6 GPIO Port 1 Pin 6, Icd, csd
35 P1.7 GPIO Port 1 Pin 7, lcd, csd
36 VDDA POWER 1.71-V to 5.5-V analog supply
37 P2.0 GPIO Port 2 Pin 0, Icd, csd
38 P2.1 GPIO Port 2 Pin 1, lcd, csd
39 P2.2 GPIO Port 2 Pin 2, Icd, csd
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Table 1. PSoC 4XX8 BLE 4.2 Pin List (QFN Package) (continued)
Pin Name Type Description
40 P2.3 GPIO Port 2 Pin 3, Icd, csd
41 P2.4 GPIO Port 2 Pin 4, Icd, csd
42 P2.5 GPIO Port 2 Pin 5, Icd, csd
43 P2.6 GPIO Port 2 Pin 6, Icd, csd
44 P2.7 GPIO Port 2 Pin 7, Icd, csd
45 VREF REF 1.024-V reference
46 VDDA POWER 1.71-V to 5.5-V analog supply
47 P3.0 GPIO Port 3 Pin 0, Icd, csd
48 P3.1 GPIO Port 3 Pin 1, Icd, csd
49 P3.2 GPIO Port 3 Pin 2, lcd, csd
50 P3.3 GPIO Port 3 Pin 3, Icd, csd
51 P3.4 GPIO Port 3 Pin 4, Icd, csd
52 P3.5 GPIO Port 3 Pin 5, Icd, csd
53 P3.6 GPIO Port 3 Pin 6, Icd, csd
54 P3.7 GPIO Port 3 Pin 7, Icd, csd
55 VSSA GROUND Analog ground
56 VCCD POWER Regulated 1.8-V supply, connect to 1.3-uF capacitor.
57 EPAD GROUND Ground paddle for the QFN package

Table 2. PSoC 4XX8 BLE 4.2 Pin List (WLCSP Package)

Pin Name Type Description
A1 NC NC Do not connect

A2 VREF REF 1.024-V reference

A3 VSSA GROUND Analog ground

A4 P3.3 GPIO Port 3 Pin 3, analog/digital/lcd/csd

A5 P3.7 GPIO Port 3 Pin 7, analog/digital/lcd/csd

A6 VSSD GROUND Digital ground

A7 VSSA GROUND Analog ground

A8 VCCD POWER Regulated 1.8-V supply, connect to 1-uF capacitor
A9 VDDD POWER 1.71-V to 5.5-V digital supply

B1 NB NO BALL No Ball

B2 P2.3 GPIO Port 2 Pin 3, analog/digital/lcd/csd

B3 VSSA GROUND Analog ground

B4 P2.7 GPIO Port 2 Pin 7, analog/digital/lcd/csd

B5 P3.4 GPIO Port 3 Pin 4, analog/digital/lcd/csd

B6 P3.5 GPIO Port 3 Pin 5, analog/digital/lcd/csd

B7 P3.6 GPIO Port 3 Pin 6, analog/digital/lcd/csd

B8 XTAL321/P6.1 CLOCK 32.768-kHz crystal or external clock input
B9 XTAL320/P6.0 CLOCK 32.768-kHz crystal

C1 NC NC Do not connect

Document Number: 002-09848 Rev. *C
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Table 2. PSoC 4XX8 BLE 4.2 Pin List (WLCSP Package) (continued)

Pin Name Type Description
Cc2 VSSA GROUND Analog ground

C3 P2.2 GPIO Port 2 Pin 2, analog/digital/lcd/csd
C4 P2.6 GPIO Port 2 Pin 6, analog/digital/lcd/csd
C5 P3.0 GPIO Port 3 Pin 0, analog/digital/lcd/csd
C6 P3.1 GPIO Port 3 Pin 1, analog/digital/lcd/csd
c7 P3.2 GPIO Port 3 Pin 2, analog/digital/lcd/csd
Cc8 XRES RESET Reset, active LOW

C9 P4.0 GPIO Port 4 Pin 0, analog/digital/lcd/csd
D1 NC NC Do not connect

D2 P1.7 GPIO Port 1 Pin 7, analog/digital/lcd/csd
D3 VDDA POWER 1.71-V to 5.5-V analog supply

D4 P2.0 GPIO Port 2 Pin 0, analog/digital/lcd/csd
D5 P2.1 GPIO Port 2 Pin 1, analog/digital/lcd/csd
D6 P2.5 GPIO Port 2 Pin 5, analog/digital/lcd/csd
D7 VSSD GROUND Digital ground

D8 P41 GPIO Port 4 Pin 1, analog/digital/lcd/csd
D9 P5.0 GPIO Port 5 Pin 0, analog/digital/lcd/csd
E1 NC NC Do not connect

E2 P1.2 GPIO Port 1 Pin 2, analog/digital/lcd/csd
E3 P1.3 GPIO Port 1 Pin 3, analog/digital/lcd/csd
E4 P1.4 GPIO Port 1 Pin 4, analog/digital/lcd/csd
E5 P1.5 GPIO Port 1 Pin 5, analog/digital/lcd/csd
E6 P1.6 GPIO Port 1 Pin 6, analog/digital/lcd/csd
E7 P2.4 GPIO Port 2 Pin 4, analog/digital/lcd/csd
E8 P5.1 GPIO Port 5 Pin 1, analog/digital/lcd/csd
E9 VSSD GROUND Digital ground

F1 NC NC Do not connect

F2 VSSD GROUND Digital ground

F3 P0.7 GPIO Port 0 Pin 7, analog/digital/lcd/csd
F4 P0.3 GPIO Port 0 Pin 3, analog/digital/lcd/csd
F5 P1.0 GPIO Port 1 Pin 0, analog/digital/lcd/csd
F6 P1.1 GPIO Port 1 Pin 1, analog/digital/lcd/csd
F7 VSSR GROUND Radio ground

F8 VSSR GROUND Radio ground

F9 VDDR POWER 1.9-V to 5.5-V radio supply

G1 NC NC Do not connect

G2 P0.6 GPIO Port 0 Pin 6, analog/digital/lcd/csd
G3 VDDD POWER 1.71-V to 5.5-V digital supply

G4 P0.2 GPIO Port 0 Pin 2, analog/digital/lcd/csd
G5 VSSD GROUND Digital ground

Document Number: 002-09848 Rev. *C
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Table 2. PSoC 4XX8 BLE 4.2 Pin List (WLCSP Package) (continued)

Pin Name Type Description
G6 VSSR GROUND Radio ground

G7 VSSR GROUND Radio ground

G8 GANT GROUND Antenna shielding ground

G9 VSSR GROUND Radio ground

HA1 NC NC Do not connect

H2 P0.5 GPIO Port 0 Pin 5, analog/digital/lcd/csd

H3 P0.1 GPIO Port 0 Pin 1, analog/digital/lcd/csd

H4 XTAL240 CLOCK 24-MHz crystal

H5 XTAL24l| CLOCK 24-MHz crystal or external clock input
H6 VSSR GROUND Radio ground

H7 VSSR GROUND Radio ground

H8 ANT ANTENNA  |Antenna pin

J1 NC NC Do not connect

J2 P0.4 GPIO Port 0 Pin 4, analog/digital/lcd/csd

J3 PO0.0 GPIO Port 0 Pin 0, analog/digital/lcd/csd

Ja VDDR POWER 1.9-V to 5.5-V radio supply

J7 VDDR POWER 1.9-V to 5.5-V radio supply

J8 NO CONNECT - -

High-speed 1/0O matrix (HSIOM) is a group of high-speed

Table 3. HSIOM Port Settings (continued)

switches that routes GPIOs to the resources inside the device. Val
These resources include CapSense, TCPWMs, I12C, SPI, UART, ki

Description

and LCD. HSIOM_PORT_SELx are 32-bit-wide registers that 11

Reserved

control the routing of GPIOs. Each register controls one port; four 12

Pin is an LCD common pin

dedicated bits are assigned to each GPIO in the port. This 3

Pin is an LCD segment pin

provides up to 16 different options for GPIO routing as shown in
14

Pin-specific Deep-Sleep function #0

Table 3.
Table 3. HSIOM Port Settings 15

Pin-specific Deep-Sleep function #1

Value Description

0 Firmware-controlled GPIO

Output is firmware-controlled, but Output Enable (OE)
is controlled from DSI.

-

Both output and OE are controlled from DSI.

Output is controlled from DSI, but OE is
firmware-controlled.

Pin is a CSD sense pin

Pin is a CSD shield pin

Pin is connected to AMUXA
Pin is connected to AMUXB
Pin-specific Active function #0

Pin-specific Active function #1

= Ol N|O| O > w N

0 Pin-specific Active function #2

Document Number: 002-09848 Rev. *C
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The selection of peripheral function for different GPIO pins is given in Table 4.
Table 4. Port Pin Connections

Name Analog - - qultal

GPIO Active #0 Active #1 Active #2 Deep Sleep #0 Deep Sleep #1
P0.0 COMPO_INP GPIO |TCPWMO_P[3] |SCB1_UART_RX[1] _ SCB1_[2C_SDA[1] _ |SCB1_SPI_MOSI[1]
P0.1 COMPO_INN GPIO |TCPWMO_N[3] |SCB1_UART TXI1] Z SCB1_[2C_SCL[1] | SCB1_SPI_MISO[1]
P0.2 Z GPIO |TCPWM1_P[3] |SCB1_UART RTS[] Z COMPO_OUT[0] SCB1_SPI_SS0[1]
P0.3 Z GPIO |TCPWM1_N[3] |SCB1_UART_CTS[1] Z COMP1_OUT[0] SCB1_SPI_SCLK[1]
P0.4 COMP1_INP GPIO |TCPWM1_P[0] |SCBO_UART RX[1] E’ég—%'-lﬁ[%/] SCBO_I2C_SDA[1]  |SCBO_SPI_MOSI[1]
P05 COMP1_INN GPIO |TCPWM1_N[0] |SCBO_UART_TX[1] Z SCBO_[2C_SCL[1] | SCBO_SPI_MISO[1]
P0.6 Z GPIO |TCPWM2_P[0] |SCBO_UART_RTS[] Z SWDIO[0] SCBO_SPI_SSO[1]
P0.7 Z GPIO |TCPWM2_N[0] |SCBO_UART_CTS[1] Z SWDCLK(0] SCBO_SPI_SCLK[1]
P1.0 CTBm1_OAO_INP_|GPIO | TCPWMO_P[1] Z _ COMPO_OUT[1] WCO_0UT(2]
P11 CTBm1_OAO_INN |GPIO |TCPWMO_N[1] Z Z COMP1_OUT[1] SCB1_SPI_SS1
P12 CTBm1_OAO_OUT |GPIO |TCPWM1_P[1] Z Z Z SCB1_SPI_SS2
P13 CTBm1_OA1_OUT |GPIO |TCPWM1_N[] Z Z Z SCB1_SPI_SS3
P14 CTBm1_OA1_INN |GPIO |TCPWM2_P[1] |SCBO_UART_RXI0] Z SCBO_[2C_SDA[0] | SCBO_SPI_MOSI[1]
P15 CTBm1_OA1_INP_|GPIO |TCPWM2_N[1] |SCBO_UART_TX[0] Z SCBO_[2C_SCL[0] | SCBO_SPI_MISO[1]
P16 CTBm1_OAO_INP_|GPIO |TCPWM3_P[1] |SCBO_UART_RTS[0] Z Z SCBO_SPI_SSO[1]
P17 CTBm1_OA1_INP_|GPIO |TCPWM3_N[1] |SCBO_UART_CTS[0] Z _ SCBO_SPI_SCLK[1]
P2.0 CTBmO_OAO_INP__|GPIO Z Z Z Z SCBO_SPI_SS1
P2.1 CTBmO_OAO_INN _|GPIO Z Z _ Z SCBO_SPI_SS2
P2.2 CTBmO_OAO_OUT |GPIO Z Z _ WAKEUP SCBO_SPI_SS3
P2.3 CTBmO_OA1_OUT |GPIO Z Z _ _ WCO_OUT[]
P24 CTBmO_OA1_INN _|GPIO Z Z Z Z _
P25 CTBmO_OA1_INP__|GPIO Z Z Z Z Z
P26 CTBmO_OAO_INP__|GPIO Z Z _ Z Z
P2.7 CTBmO_OA1_INP  |GPIO - - 'f]XT—C'-K[”/ ECO_OUuTl - -
P3.0 SARMUX_0 GPIO |TCPWMO_P[2] |SCBO_UART RX[2] Z SCBO_[2C_SDA[2] Z
P31 SARMUX_1 GPIO |TCPWMO_N[2] |SCBO_UART TX[2] Z SCBO_I2C_SCL[2] Z
P3.2 SARMUX_2 GPIO |TCPWM1_P[2] |SCBO_UART RTS[2] Z Z Z
P3.3 SARMUX_3 GPIO |TCPWM1_N[2] |SCBO_UART CTS[2] Z Z Z
P34 SARMUX_4 GPIO |TCPWM2_P[2] |SCB1_UART RX[2] Z SCB1_[2C_SDA2] Z
P35 SARMUX_5 GPIO |TCPWM2_N[2] |SCB1_UART TX[2] Z SCB1_I2C_SCL[2] Z
P36 SARMUX_6 GPIO |TCPWM3_P[2] |SCB1_UART RTS[2] Z Z Z
P3.7 SARMUX_7 GPIO |TCPWM3_N[2] |SCB1_UART CTS[2] Z Z WCO_OUT(0]
P4.0 CMOD GPIO |TCPWMO_P[0] |SCB1_UART RTS[0] Z Z SCB1_SPI_MOSI[0]
P41 CTANK GPIO |TCPWMO_N[0] |SCB1_UART CTS[0] Z Z SCB1_SPI_MISO[0]
P5.0 Z GPIO |TCPWM3_P[0] |SCB1_UART RX[0] |EXTPA_EN SCB1_I2C_SDA[0] | SCB1_SPI_SS0[0]
P5.1 - GPIO |TCPWM3_N[0] |SCB1_UART TX[0] E]XT—C'-K[Z]’ ECO_OUTl |scB1 12c_scL[o]  |SCB1_SPI_SCLKIO]
P6.0_XTAL320 Z GPIO Z Z _ _ _
P6.1_XTAL32I Z GPIO Z Z _ _ _

Document Number: 002-09848 Rev. *C
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The possible pin connections are shown for all analog and digital peripherals (except the radio, LCD, and CSD blocks, which were
shown in Table 1). A typical system application connection diagram is shown in Figure 7.

Figure 7. System Application Connection Diagram
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Power
The PSoC 4XX8 BLE 4.2 device can be supplied from batteries Power Supply Bypass Capacitors
with a voltage range of 1.9 V to 5.5 V by directly connecting to
the digital supply (VDDD), analog supply (VDDA), and radio VDDD The internal bandgap may be bypassed
supply (VDDR) pins. Internal LDOs in the device regulate the with a 1-pF to 10-pF.
supply voltage to the required levels for different blocks. The 1-uF : h oin ol K
device has one regulator for the digital circuitry and separate VDDA 0.1-pF cera_mlc at ea_c pin plus bu
SIE e L9 X o capacitor 1-pF to 10-pF.
regulators for radio circuitry for noise isolation. Analog circuits : .
run directly from the analog supply (VDDA) input. The device VDDR 0.1-uF ceramic at each pin plus bulk
uses separate regulators for Deep Sleep and Hibernate (lowered capacitor 1-pF to 10-pF.
power supply and retention) modes to minimize the power , . .
consumption. The radio stops working below 1.9V, but the vCCD 1.3-pF ceramic capacitor at the VCCD pin.
device continues to function down to 1.71 V without RF. VREF (ontional The internal bandgap may be bypassed
Bypass capacitors must be used from VDDx (x = A, D, or R) to (optional) with a 1-yF to 10-yF capacitor.

ground. The typical practice for systems in this frequency range
is to use a capacitor in the 1-yF range in parallel with a smaller
capacitor (for example, 0.1 pyF). Note that these are simply rules
of thumb and that, for critical applications, the PCB layout, lead
inductance, and the bypass capacitor parasitic should be
simulated to design and obtain optimal bypassing.
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Electrical Specifications

Absolute Maximum Ratings
Table 5. Absolute Maximum Ratingsm

o . . Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
Analog, digital, or radio supply . _
SID1 Vbbb _ABS relative to Vss (Vssp = Vssa) 0.5 6 \ Absolute max
Direct digital core voltage input
SID2 Veep_aABs relative to Vssp -0.5 - 1.95 Absolute max
SID3 VGPIO_ABS GPIO voltage -0.5 - Vpp +0.5 Absolute max
SID4 lcPio_ABS Maximum current per GPIO -25 - 25 mA | Absolute max
L GPIO injection current, Max for V|, | _ Absolute max, current
SID5 laPI0_injection | > Vppp, and Min for V|| < Vgg 0.5 0.5 mA injected per pin
BID57 ESD_HBM Electrostatic discharge human body | ,,q, _ _ v _
model
BID58 ESD_CDM Electrostatic discharge charged 500 _ _ v _
device model
BID61 LU Pin current for latch-up -200 — 200 mA -

Device-Level Specifications

All specifications are valid for —40 °C < TA <85 °C and TJ < 100 °C, except where noted. Specifications are valid for 1.71 Vt0 5.5V,
except where noted.

Table 6. DC Specifications

o . . Details/
Spec ID# | Parameter Description Min Typ Max Units Conditions
SID6 Voo Power supply input voltage (Vppa = 18 - 5.5 V| With regulator enabled
Voop = Vop)
Power supply input voltage unregulated Internally unregulated
SID7 V 1.71 1.8 1.89 \Y
bb (Vopa = Voop = Vop) Supply
SID8 Vppr Radio supply voltage (Radio ON) 1.9 - 55 \% -
SID8A Vppr Radio supply voltage (Radio OFF) 1.71 - 5.5 \% -
SID9 Veen Digital regulator output voltage (for core _ 18 _ Vv _
logic)
SID10 Cvcep Digital regulator output bypass 1 1.3 1.6 MF | X8R ceramic or better
capacitor
Active Mode, Vpp =1.71Vto 5.5V -
SID13 | Execute from flash; CPU at 3 MHz - 2.1 - ma |1 =25°C
DD3 ’ : Vpp=3.3V
SID14 Ibp4 Execute from flash; CPU at 3 MHz - - - mA |[T=-40Cto85°C
. T=25°C,
SID15 Ibps Execute from flash; CPU at 6 MHz - 2.5 - mA Vpp =33V
SID16 Ibps Execute from flash; CPU at 6 MHz - - - mA =-40°Cto85°C
. T=25°C,
SID17 Ibp7 Execute from flash; CPU at 12 MHz - 4 - mA Vpp = 3.3V
SID18 Ibps Execute from flash; CPU at 12 MHz - - - mA |T=-40°Cto85°C
Note

1. Usage above the absolute maximum conditions listed in Table 5 may cause permanent damage to the device. Exposure to absolute maximum conditions for extended
periods of time may affect device reliability. The maximum storage temperature is 150 °C in compliance with JEDEC Standard JESD22-A103, High Temperature
Storage Life. When used below absolute maximum conditions but above normal operating conditions, the device may not operate to specification.
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Table 6. DC Specifications (continued)

Spec ID# | Parameter Description Min Typ Max Units C?::I?tiilgf'ns
SID19 oo Execute from flash; CPU at 24 MHz - 7.1 - mA V=29
DD = 9
SID20 Ibp1g Execute from flash; CPU at 24 MHz - - - mA |T=-40°Cto85°C
SID21 I+ Execute from flash; CPU at 48 MHz ~ | 134 | - mA \T/|3=02=5 oy
SID22 Ibp12 Execute from flash; CPU at 48 MHz - - - mA =-40°Cto85°C
Sleep Mode, Vpp =1.8t0o 5.5V
T=25°C,
SID23 Ibp13 IMO on - - - mA |VDD=3.3V,SYSCLK=
3 MHz
Sleep Mode, Vpp and Vppgr =1.9to 5.5V
T=25°C,
SID24 Ibp14 ECO on - - - mA |VDD=3.3V,SYSCLK=
3 MHz
Deep Sleep Mode, Vpp=1.8t0 3.6 V
SID25 15 WDT with WCO on - 15 - A |1 =22,
DD = 9
SID26 Ibb1e WDT with WCO on - - - MA |T=-40°Cto85°C
Deep Sleep Mode, Vpp =3.6t0 5.5V
sID27 o7 WDT with WCO on - - - uA EDZ:‘E’ Y
SID28 Ibp1s WDT with WCO on - - - MA |[T=-40°Cto85°C
Deep Sleep Mode, Vpp = 1.71 to 1.89 V (Regulator Bypassed)
SID29 Ibp1g WDT with WCO on - - - MA  |T=25°C
SID30 Ibp20 WDT with WCO on - - - MA |[T=-40°Cto85°C
Deep Sleep Mode, Vpp =1.8t0 3.6 V
SID31 Iop21 Opamp on - - - uA \T/D_szs%v
SID32 lbp22 Opamp on - - - MA  |T=-40°Cto85°C
Deep Sleep Mode, Vpp =3.6t0 5.5V
SID33 IpD23 Opamp on - - - pA ;r/D_D2=55(i'/’
SID34 Ibp24 Opamp on - - - MA  |T=-40°Cto85°C
Deep Sleep Mode, Vpp = 1.71 to 1.89 V (Regulator Bypassed)
SID35 Ibp2s Opamp on - - - MA  |T=25°C
SID36 Ibp2s Opamp on - - - MA  |T=-40°Cto85°C
Hibernate Mode, Vpp =1.8 to 3.6 V
SID37 lbp27 GPIO and reset active - 150 - nA $= 2_5;%\/
DD = 9
SID38 Ibpos GPIO and reset active - - - nA |T=-40°Cto85°C
Hibernate Mode, Vpp =3.6to 5.5V
SID39 Ibp26 GPIO and reset active - - - nA 5;2:55?/
SID40 Ibp3g GPIO and reset active - - - nA  |T=-40°Cto85°C

Hibernate Mode, Vpp = 1.71 to 1.89 V (Regulator Bypassed)
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Table 6. DC Specifications (continued)

L . . Details/
Spec ID# | Parameter Description Min Typ Max Units Conditions
SID41 Ibp31 GPIO and reset active - - - nA |T=25°C
SID42 Ipp32 GPIO and reset active - - - nA |T=-40°Cto85°C
Stop Mode, Vpp =1.8t0 3.6 V
T=25°C,
SID43 Ibp33 Stop mode current (Vpp) - 20 - nA Vpp =33V
T=25°C,
SID44 IpD34 Stop mode current (VppR) - 40 — nA Vopr = 33V
SID45 Ibp3s Stop mode current (Vpp) - - - nA |T=-40°Cto85°C
T=-40°Cto 85 °C,
SID46 Ibp3s Stop mode current (VppRr) - - - nA Vppr = 1.9V 10 3.6V
Stop Mode, Vpp =3.6t0 5.5V
T=25°C,
SID47 lppa7 Stop mode current (Vpp) - - - nA Vpp =5V
T=25°C,
SID48 Ibp3s Stop mode current (VppRr) - - - nA Vppg =5 V
SID49 Ibpag Stop mode current (Vpp) - - - nA |T=-40°Cto85°C
SID50 IbD4o Stop mode current (VppR) - - - nA |T=-40°Cto85°C
Stop Mode, Vpp = 1.71 to 1.89 V (Regulator Bypassed)
SID51 Ibpa1 Stop mode current (Vpp) - - - nA |T=25°C
SID52 Ibp42 Stop mode current (Vpp) - - - nA |T=-40°Cto85°C
Table 7. AC Specifications
e . ; Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
SID53 Fepu CPU frequency DC - 48 MHz [1.71V<Vpp<55V
Guaranteed by
SID54 TsLeep Wakeup from Sleep mode - 0 - ps characterization
24-MHz IMO.
SID55 TpeEEPSLEEP Wakeup from Deep Sleep mode - - 25 Us Guaranteed by
characterization.
. Guaranteed by
SID56 THIBERNATE Wakeup from Hibernate mode - - 0.7 mS | characterization
Guaranteed by
SID57 Tstop Wakeup from Stop mode - - 2.2 mS | “haracterization
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Table 8. GPIO DC Specifications
Spec ID# Parameter Description Min Typ Max Units c c?:é?tlllgils
SID58 ViH Input voltage HIGH threshold 0.7 x Vpp - - VvV |CMOS input
SID59 \in Input voltage LOW threshold - - 10.3xVpp| V |CMOS input
SID60 ViH LVTTL input, Vpp < 2.7V 0.7 x Vpp - - \Y -
SID61 VL LVTTL input, Vpp < 2.7V - - 103xVpp| V -
SID62 \m LVTTL input, Vpp >= 2.7V 2.0 - - \Y -
SID63 VL LVTTL input, Vpp >=2.7 V - - 0.8 \Y -
SID64 Vou Output voltage HIGH level Vpp-06 | - - v ';g;‘t/';”DA at
loh = 1-mA at
SID65 VoH Output voltage HIGH level Vpp-0.5 - - \Y 1.8-V Vpp
lol = 8-mA at
SID66 VoL Output voltage LOW level - - 0.6 \ 3.3V Vpp
lol =4-mA at
SID67 VoL Output voltage LOW level - - 0.6 \Y 1.8-V Vpp
lol = 3-mA at
SID68 VoL Output voltage LOW level - - 0.4 \Y 3.3V Vpp
SID69 Rpullup Pull-up resistor 3.5 5.6 8.5 kQ -
SID70 Rpulldown Pull-down resistor 3.5 5.6 8.5 kQ -
SID71 I Input leakage current (absolute value) - - 2 nA \2/5 C_ 33V
DD = 9-
SID72 I”__CTBM Input leakage on CTBm input pins - - 4 nA -
SID73 CiN Input capacitance - - 7 pF -
SID74 Vhysttl Input hysteresis LVTTL 25 40 mV |Vpp>27V
SID75 Vhyscmos Input hysteresis CMOS 0.05 x Vpp - - mV -
sID76 Idiode \(;urr/?/nt through protection diode to _ _ 100 UA _
DD/Vss
Maximum total source or sink chi
SID77 ltoT_6PIO curront P - - 200 mA -
Table 9. GPIO AC Specifications
Spec ID# Parameter Description Min Typ Max Units Cc?r?é?tiilcs){'\s
SID78 TRISEE Rise time in Fast-Strong mode 2 - 12 ns |33V VPDD‘
CiLoap = 25-pF
SID79 TEALLE Fall time in Fast-Strong mode 2 - 12 ns |23V Voop
CiLoap = 25-pF
SID80 TriSES Rise time in Slow-Strong mode 10 - 60 ~ [33VVoo
CiLoap = 25-pF
SID81 TeALLS Fall time in Slow-Strong mode 10 — | e0 ~ |33VVoop
CiLoap = 25-pF
GPIO Fout; 3.3V <Vpp<5.5V. _ _ 90/10%, 25-pF load, 60/40
SID82 FapiouTi Fast-Strong mode 33 MHz duty cycle

Note

2. V)y must not exceed Vppp + 0.2 V.

Document Number: 002-09848 Rev. *C

Page 21 of 47




¥ CYPRESS

Embedded in Tomorrow”

PSoC® 4: PSoC 4XX8 BLE 4.2
Family Datasheet

Table 9. GPIO AC Specifications (continued)

_—r : - Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
GPIO Fout; 1.7 V< Vpp <3.3 V. _ _ 90/10%, 25-pF load, 60/40
SID83 Fapiout2 Fast-Strong mode 16.7 | MHz duty cycle
GPIO Fout; 3.3V <Vpp<5.5V. _ _ 90/10%, 25-pF load, 60/40
SiDs4 Fapiouts Slow-Strong mode MHz duty cycle
GPIO Fout; 1.7V <Vpp<3.3 V. _ _ 90/10%, 25-pF load, 60/40
SID85 FapiouTs Slow-Strong mode 3.5 MHz duty cycle
GPIO input operating frequency;
SID86 Ferioin 171V < Vpp<5.5V - - 48 MHz |90/10% Vo
Table 10. OVT GPIO DC Specifications (P5_0 and P5_1 Only)
r : ; Details/
Spec ID# Parameter Description Min Typ Max | Units Conditions
Inputleakage current (absolute value), _ _ 25 °C,
SIP7TA -l Vin> Voo 101 A lVp=0V, V=30V
SID66A VoL Output voltage LOW level - - | o4 v '205_;20"”""’ Vop >
Table 11. OVT GPIO AC Specifications (P5_0 and P5_1 Only)
. . . Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
25-pF load,
SID78A Trise ovrs |Output rise time in Fast-Strong mode 1.5 - 12 ns |10%—-90%,
- VDD=3.3-V
25-pF load,
SID79A TeaLL oves |Output fall time in Fast-Strong mode 1.5 - 12 ns |10%—-90%,
- VDD=3.3-V
25-pF load,
SID80A Trisss Output rise time in Slow-Strong mode 10 - 60 ns |10%-90%,
VDD=3.3-V
25-pF load,
SID81A TeALLSS Output fall time in Slow-Strong mode 10 - 60 ns [10%-90%,
VDD=3.3-V
GPIO FOUT; 3.3V< VDD <55V _ _ 90/1 0%, 25-pF |Oad,
SID82A FapiouTi Fast-Strong mode 24 MHz | 60120 duty cycle
GPIO Foup; 1.71V<Vpp <33V _ _ 90/10%, 25-pF load,
SID83A Fapiout2 Fast-Strong mode 16 MHz | 60120 duty cycle
XRES
Table 12. XRES DC Specifications
r . . Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
SID87 V4 Input voltage HIGH threshold 0.7 xVppp| - - \Y CMOS input
SID88 Vi Input voltage LOW threshold - - 0.3 x Vppp \Y CMOS input
SID89 Rpullup Pull-up resistor 3.5 5.6 8.5 kQ -
SID90 CiN Input capacitance - 3 - pF -
SID91 VHYSXRES Input voltage hysteresis - 100 - mV -
Current through protection diode to
SID92 I - - 100 A -
DIODE Vopo/Vss H
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Table 13. XRES AC Specifications

Spec ID# Parameter Description Min Typ Max Units Details/Conditions

SID93 TreseTwiDTH | Reset pulse width 1 - - us -
Analog Peripherals
Opamp
Table 14. Opamp Specifications

Spec ID# Parameter Description Min Typ Max Units c B:é?tlllz\ .
Ipp (Opamp Block Current. Vpp = 1.8 V. No Load)

SID94 Ipb_HI Power = high - 1000 1850 pA -
SID95 Ipb_MED Power = medium - 500 950 MA -
SID96 Ipb_Low Power = low - 250 350 MA -
GBW (Load = 20 pF, 0.1 mA. Vppa = 2.7 V)

SID97 GBW_HI Power = high 6 - - MHz -
SID98 GBW_MED Power = medium 4 - - MHz -
SID99 GBW_LO Power = low - 1 - MHz -
lout_max (Vbpa =2.7 V, 500 mV From Rail)

SID100 lout_MAX_HI Power = high 10 - - mA -
SID101 lout Max mip  |Power = medium 10 - - mA -
SID102 louT mMAX_LO Power = low - 5 - mA -

lout (Vppa = 1.71V, 500 mV From Rail)

SID103 lout MAX_HI Power = high 4 - - mA -
SID104 lout Max_ mip |Power = medium 4 - - mA -
SID105 lout MAX_LO Power = low - 2 - mA -
SID106 VN Charge pump on, Vppa = 2.7V -0.05 — | Vppa—-0.2 \Y -
SID107 Vem Charge pump on, Vppa >22.7 V —0.05 - |Vppa—0.2 \ -

Vout (Vopa22.7V)

SID108  |Vour 1 Power = high, I ooAp=10 mA 0.5 - |Vppa—0.5 \ -
SID109  |VouT 2 Power = high, I gap=1 mA 0.2 - |Vppa—0.2 \ -
SID110 Vour 3 Power = medium, | gpp=1 MA 0.2 - |Vppa—-0.2 \ -
SID111 Vout 4 Power = low, I oap=0.1 mA 0.2 Vppa — 0.2 \ -
SID112 Vos_ TR Offset voltage, trimmed 1 0.5 1 mV High mode
SID113 Vos_ TR Offset voltage, trimmed - 1 - mV Medium mode
SID114 Vos_ TR Offset voltage, trimmed - 12 - mV Low mode
SID115 Vos_DrR_TR Offset voltage drift, trimmed -10 3 10 pv/C High mode
SID116 Vos_Dbr_TR Offset voltage drift, timmed - +10 - pv/C Medium mode
SID117 Vos_DrR_TR Offset voltage drift, timmed - +10 - pv/iC Low mode
SID118 CMRR DC 70 80 - dB Vppp = 3.6-V
SID119 PSRR At 1 kHz, 100-mV ripple 70 85 - dB Vppp = 3.6-V
Noise

SID120 Vi Lr:gﬁt referred, 1 Hz—1 GHz, power = _ 94 _ uVrms _
SID121 VN2 Input referred, 1-kHz, power = high - 72 - nV/rtHz -

Document Number: 002-09848 Rev. *C

Page 23 of 47



— A PSoC® 4: PSoC 4XX8 BLE 4.2
=== CYPRESS Family Datasheet

Embedded in Tomorrow”

Table 14. Opamp Specifications (continued)

i . ; Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
SID122 VN3 Input referred, 10-kHz, power = high - 28 - nV/rtHz -
SID123 Vg Input referred, 100-kHz, power = high - 15 - nV/rtHz -
Stable up to maximum load. Perfor-
SID124  |Coap mance specs at 50 pF B - 125 pF B
Cload = 50 pF, Power = High,
SID125 Slew_rate Vppa > 2.7V 6 - - V/usec -
From disable to enable, no external RC
SID126 T_op_wake dominating - 300 - usec -
Comp_mode (Comparator Mode; 50-mV Drive, Tgisg = TraLL (Approx.)
SID127 Trp1 Response time; power = high - 150 - nsec -
SID128  (Tppo Response time; power = medium - 400 - nsec -
SID129 TeD3 Response time; power = low - 2000 - nsec -
SID130 Vhyst_op Hysteresis - 10 - mV -
Deep Sleep (Deep Sleep mode operation is only guaranteed for Vppp > 2.5 V)
SID131 GBW_DS Gain bandwidth product - 50 - kHz -
SID132 IDD_DS Current — 15 - A -
SID133 Vos_DS Offset voltage - 5 - mV -
SID134 Vos_dr DS Offset voltage drift - 20 - uv/eC -
SID135 Vout_DS Output voltage 0.2 - Vpp—0.2 \Y -
SID136 Vem_DS Common mode voltage 0.2 - Vpp—1.8 \Y, -
Table 15. Comparator DC Specifications[3]
Spec ID# | Parameter Description Min Typ Max Units c c?r?é?tlll% -
SID140  |VoFFsETH Input offset voltage, Factory trim - - 10 mV -
SID141 VOFFSET2 Input offset voltage, Custom trim - - *6 mV -
VDDD 22.6V for
Input offset voltage, ultra-low-power _ _ Temp < 0°C,
SID141A VOFFSET3 mode +12 mV VDDD >1.8V for
Temp >0 °C
Hysteresis when enabled. Common
SID142 | Viyst Mode voltage range from 0 to VDD —1 B 10 35 mV -
Input common mode voltage in normal _ Vppp
SID143  |Viem1 mode 0 01 \ Modes 1 and 2
SID144 Viewms Input common mode voltage in low power 0 _ Voo v _
mode
Vppp 2 2.6 V for
Input common mode voltage in ultra low _ Vbbb Temp < 0°C,
SID145 1 Vicms power mode 0 -1.15 v Vppp = 1.8 V for
Temp >0 °C
SID146  |CMRR Common mode rejection ratio 50 - - dB Vppp22.7V
SID147 CMRR Common mode rejection ratio 42 - - dB Vppp £2.7V
SID148 lcmP1 Block current, normal mode - - 400 MA -
SID149 lcmp2 Block current, low power mode - - 100 MA -

Note
3. ULP LCOMP operating conditions:
- Vppp 2.6 V-5.5 V for datasheet temp range <0 °C
.8 V-5.5 V for datasheet temp range 2 0 °C
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Table 15. Comparator DC Specifications[3] (continued)

s . . Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
Vppp 2 2.6 V for
SID150 | Block current in ultra low-power mode - 6 - MA Temp < 0°C,
CMP3 Vppp = 1.8 V for
Temp >0 °C
SID151 Zovp DC input impedance of comparator 35 - - MQ -
Table 16. Comparator AC Specifications[4]
s . . Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
Response time, normal mode, 50-mV .
SID1562 | Tresp1 overdrive - 38 - ns 50-mV overdrive
Response time, low power mode, 50-mV .
SID163 | Tresp2 overdrive - 70 - ns 50-mV overdrive
200-mV overdrive.
. V =26V for
Response time, ultra-low-power mode, DDD = <
SID154 | Tresp3 ) . - 23 - pus  |Temp < 0°C,
50-mV overdrive Voo 2 1.8 V for
Temp>0°C
Temperature Sensor
Table 17. Temperature Sensor Specifications
Spec ID# Parameter Description Min Typ Max Units |Details/Conditions
SID155 Tsensace Temperature sensor accuracy -5 1 5 °C |-40to+85°C
SAR ADC
Table 18. SAR ADC DC Specifications
Spec ID# Parameter Description Min Typ Max Units | Details/Conditions
SID156 A RES Resolution - - 12 bits -
SID157 A_CHNIS_S | Number of channels - single-ended - - 16 - 8 full-speed
. . Diff inputs use
SID158 A-CHNKS_D | Number of channels - differential - - 8 - neighboring 1/0
SID159 A-MONO Monotonicity - - - - Yes
SID160  |A_GAINERR |Gain error - - +0.1 o | With external
reference.
SID161  |A_OFFSET | Input offset voltage - - 2 mv '\\/"::s“md with 1-V
SID162 A_ISAR Current consumption - - 1 mA -
SID163 A_VINS Input voltage range - single-ended Vss - Vbpa \ -
SID164 A_VIND Input voltage range - differential Vss - Vboba \Y -
SID165 A_INRES Input resistance - - 2.2 kQ -
SID166 A_INCAP Input capacitance - - 10 pF -
SID312 VREFSAR Trimmed internal reference to SAR ~1 - 1 % (Pf(r;;rj{?)ge of Vbg
Note
4. ULP LCOMP operating conditions:
- Vppp 2.6 V-5.5 V for datasheet temp range <0 °C
- Vppp 1.8 V-5.5V for datasheet temp range 2 0 °C
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Table 19. SAR ADC AC Specifications

o . . Details/
Spec ID# | Parameter Description Min Typ Max Units Conditions
— . Measured at 1-V
SID167 A_psrr Power supply rejection ratio 70 - - dB reference
SID168 A_cmrr Common mode rejection ratio 66 - - dB -
806 Ksps for
SID169 A_samp Sample rate - - 1 Msps PSoC 41X8_BLE devices
SID313 Fsarintref SAR operating speed without external - - 100 Ksps |12-bit resolution
ref. bypass
SID170 A _snr Signal-to-noise ratio (SNR) 65 - - dB |Fin =10 kHz
SID171 A_bw Input bandwidth without aliasing - - A_samp/2 | kHz -
. Integral non linearity. Vpp = 1.71 to _ _ -
SID172 A_inl 5.5V, 1 Msps 1.7 2 LSB |Vref=1VtoVpp
Integral non linearity. Vppp = 1.71 to _ _ -
SID173 A_INL 3.6 V, 1 Msps 1.5 1.7 LSB |Vref=1.71V to Vpp
Integral non linearity. Vpp = 1.71 to _ _ -
SID174 A_INL 5.5 V, 500 Ksps 1.5 1.7 LSB |Vref=1VtoVpp
Differential non linearity. Vpp = 1.71 to _
SID175 A_dnl 5.5V, 1 Msps -1 - 22 LSB |Vref=1VtoVpp
Differential non linearity. Vpp = 1.71 to _
SID176 A_DNL 3.6V, 1 Msps -1 - 2 LSB |Vref=1.71V to Vpp
Differential non linearity. Vpp = 1.71 to _ _ _
SID177 A_DNL 5.5V, 500 Ksps 1 22 LSB |Vref=1VtoVpp
SID178 A_thd Total harmonic distortion - - -65 dB |Fin=10kHz
CSD
Table 20. CSD Block Specifications
A . - Details/
Spec ID# | Parameter Description Min Typ Max Units Conditions
SID179 Vesp Voltage range of operation 1.71 - 55 \Y -
SID180 IDAC1 DNL for 8-bit resolution -1 - 1 LSB -
SID181 IDAC1 INL for 8-bit resolution -3 - 3 LSB -
SID182 IDAC2 DNL for 7-bit resolution -1 - 1 LSB -
SID183 IDAC2 INL for 7-bit resolution -3 - 3 LSB -
Capacitance range of 9 to
35 pF, 0.1 pF sensitivity.
SID184 SNR Ratio of counts of finger to noise 5 - - Ratio Ragio is nc?t operating Y
during the scan
Output current of IDAC1 (8 bits) in
I _ _ -
SID185 DAC1_CRT1 High range 612 MA
Output current of IDAC1 (8 bits) in
I _ _ —
SID186 DAC1_CRT2 | | o range 306 MA
Output current of IDAC2 (7 bits) in
I _ _ —
SID187 DAC2_CRT1 High range 305 MA
Output current of IDAC2 (7 bits) in
I _ _ -
SID188 DAC2_CRT2 Low range 153 MA
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Digital Peripherals

Timer
Table 21. Timer DC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID189 Irim1 Block current consumption at 3 MHz - - 50 MA  [16-bit timer
SID190 ITim2 Block current consumption at 12 MHz - - 175 WA | 16-bit timer
SID191 Itim3 Block current consumption at 48 MHz - - 712 MA  [16-bit timer
Table 22. Timer AC Specifications
Spec ID Parameter Description Min Typ Max | Units Details/Conditions
SID192 TTIMFREQ Operating frequency Felk - 48 MHz -
SID193 TCAPWINT Capture pulse width (internal) 2xTek - - ns -
SID194 TcAPWEXT Capture pulse width (external) 2xTek - - ns -
SID195 TTIMRES Timer resolution Telk - - ns -
SID196 TTENWIDINT Enable pulse width (internal) 2xTeok - - ns -
SID197 TTENWIDEXT Enable pulse width (external) 2xTek - - ns -
SID198 TrimreswinTt | Reset pulse width (internal) 2xTek - - ns -
SID199 TTIMRESEXT Reset pulse width (external) 2xTek - - ns -
Counter
Table 23. Counter DC Specifications
Spec ID Parameter Description Min Typ Max | Units Details/Conditions
S1D200 lcTr1 Block current consumption at 3 MHz - - 50 WA | 16-bit counter
SID201 leTrR2 Block current consumption at 12 MHz - - 175 MA | 16-bit counter
SID202 lcTR3 Block current consumption at 48 MHz - - 712 MA | 16-bit counter
Table 24. Counter AC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID203 TeTRFREQ Operating frequency Felk - 48 MHz -
SID204 Tetrepwint | Capture pulse width (internal) 2xTcik - - ns -
SID205 Tetrrwext | Capture pulse width (external) 2xTeok - - ns -
SID206 TeTRES Counter Resolution Tek - - ns -
SID207 Tcenwipint  |Enable pulse width (internal) 2xTeok - - ns -
SID208 Tcenwipext |Enable pulse width (external) 2xTcik - - ns -
SID209 TetrrESWINT |Reset pulse width (internal) 2xTeok - - ns -
SID210 TetrrRESWEXT | Reset pulse width (external) 2x Tk - - ns -
Pulse Width Modulation (PWM)
Table 25. PWM DC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID211 Ipwmi Block current consumption at 3 MHz - - 50 MA | 16-bit PWM
SID212 Ipwm2 Block current consumption at 12 MHz - - 175 pMA | 16-bit PWM
SID213 Ipwm3 Block current consumption at 48 MHz - - 741 MA  [16-bit PWM
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Table 26. PWM AC Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SiD214 TpwMFREQ Operating frequency Folk - 48 MHz -
SID215 TewMPWINT Pulse width (internal) 2x Tk - - ns -
SID216 TPWMEXT Pulse width (external) 2 x TCLK - — ns -
SID217 TPWMKlLLlNT Kill pulse width (internal) 2% TCLK - - ns -
SID218 TewmkiLLExT | Kill pulse width (external) 2xTeok - - ns -
SID219 TpwWMEINT Enable pulse width (internal) 2x Tk - - ns -
SID220 TPWMENEXT Enable pulse width (external) 2xTeok - - ns -
SID221 TewmreswinT | Reset pulse width (internal) 2xTcik - - ns -
SID222 TrwmreswexT |Reset pulse width (external) 2x Tk - - ns -
2c
Table 27. Fixed I°C DC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID223 liact Block current consumption at 100 kHz - - 50 HA -
SID224 lioc2 Block current consumption at 400 kHz - - 155 MA -
SID225 liocs Block current consumption at 1 Mbps - - 390 MA -
SID226 lioca I°C enabled in Deep Sleep mode - - 1.4 pA -
Table 28. Fixed I2C AC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID227 Fiac1 Bit rate - - 1 Mbps -
LCD Direct Drive
Table 29. LCD Direct Drive DC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
. . 16 x 4 small segment
SID228 I .coLow Operating current in low-power mode - 17.5 - [VIaN display at 50 Hz
SID229 CLencap Iaﬁtvl?;apamtance per segment/common _ 500 5000 oF _
SID230 LCDoFFSET Long-term segment offset - 20 - mV -
LCD system operating current _ _ 32 x 4 segments.
SIb231 Hl.coopr Vgias = 5 V. 2 MA 150 Hz at 25 °C
LCD system operating current. _ _ 32 x 4 segments
SID232 flicpor2 Vgias = 3.3 V 2 MA |50 Hz at 25 °C
Table 30. LCD Direct Drive AC Specifications
Spec ID Parameter Description Min Typ Max | Units | Details/Conditions
SID233 FLco LCD frame rate 10 50 150 Hz -
Table 31. Fixed UART DC Specifications
Spec ID Parameter Description Min | Typ Max Units Details/Conditions
SID234 lUART1 Block current consumption at 100 kbps - - 55 MA -
Block current consumption at
SID235 IUART2 1000 kbpS - - 360 HA -
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Table 32. Fixed UART AC Specifications

Spec ID Parameter Description Min | Typ Max Units | Details/Conditions
SID236 FUART Bit rate - - 1 Mbps -
SPI Specifications
Table 33. Fixed SPI DC Specifications

Spec ID Parameter Description Min | Typ Max Units | Details/Conditions
SID237 Ispi1 Block current consumption at 1 Mbps - - 360 HA -
SID238 Ispi2 Block current consumption at 4 Mbps - - 560 MA -
SID239 Ispis Block current consumption at 8 Mbps - - 600 MA -

Table 34. Fixed SPI AC Specifications

Spec ID Parameter Description Min | Typ Max Units | Details/Conditions
SID240 Fepy SPI operat_ing frequency (master; 6X _ _ 8 MHz _
oversampling)
Table 35. Fixed SPI Master Mode AC Specifications
Spec ID Parameter Description Min | Typ | Max Units Details/Conditions
SID241 Tomo MOSI valid after Sclock driving edge - - 18 ns -
MISO valid before Sclock capturing edge. Full clock, late MISO
SID242 Tosi Full clock, late MISO sampling used 20 B B ns sampling
. . Referred to Slave
SID243 Thumo Previous MOSI data hold time 0 - - ns capturing edge
Table 36. Fixed SPI Slave Mode AC Specifications
Spec ID Parameter Description Min | Typ Max Units | Details/Conditions
SID244 Tomi MOSI valid before Sclock capturing edge 40 - - ns -
SID245 Tpso MISO valid after Sclock driving edge - - fﬁ.g:u ns -
MISO valid after Sclock driving edge in
3ID246 Toso_ext external clock mode B - 53 ns | Vpp<30V
SID247 Tuso Previous MISO data hold time 0 - - ns -
SID248 TsseLsck SSEL valid to first SCK valid edge 100 - - ns -
Memory
Table 37. Flash DC Specifications
Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID249 Vpg Erase and program voltage 1.71 - 5.5 \Y -
Number of Wait states at CPU execution from
SID309 T 2 - -
Ws48 32-48 MHz flash
Number of Wait states at CPU execution from
SID310 T 1 - -
Ws32 16-32 MHz flash
Number of Wait states for CPU execution from
SID311 T 0 - -
Ws16 0-16 MHz flash
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Table 38. Flash AC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID250 | Trowwrme® | ROW (block)writetime (eraseand | _ - 20 ms | Row (block) = 256 bytes
program)
SID251 TROWERASE[5] Row erase time - - 13 ms -
SID252 TrowprOGRAMY) | Row program time after erase - - 7 ms -
SID253 TauLKERASEY! | Bulk erase time (256 KB) - - 35 ms -
SID254 TDEVPROG[5] Total device program time - - 50 seconds | For 256 KB
SID255 Fenp Flash endurance 100 K - - cycles -
Flash retention. Ty <55 °C, 100 K
SID256 FreT P/E cycles 20 - - years -
Flash retention. T <85 °C, 10 K
SID257 FRET2 P/E CyCleS 10 - - years -
System Resources
Power-on-Reset (POR)
Table 39. POR DC Specifications
Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID258 VRISEIPOR Rising trip voltage 0.80 - 1.45 \Y -
SID259 VEALLIPOR Falling trip voltage 0.75 - 1.40 \ -
SID260 VIPORHYST HyStGFESiS 15 - 200 mV -
Table 40. POR AC Specifications
Spec ID Parameter Description Min Typ Max Units Details/Conditions
PPOR response time in Active
SID264 TPPOR_TR and Sleep modes - - 1 HS -
Table 41. Brown-Out Detect
Spec ID# Parameter Description Min Typ Max Units c 3:5?:;5{13
BOD trip voltage in Active and Slee
SID261  |VeaLLppOR oges | Oned P 1.64 - - Y -
SID262 VEALLDPSLP BOD trip voltage in Deep Sleep mode 1.4 - - \Y -
Table 42. Hibernate Reset
Spec ID# Parameter Description Min Typ Max Units c c?r?é?tiilgas
SID263 VHBRTRIP BOD trip voltage in Hibernate mode 1.1 - - \Y -
Note

5. It can take as much as 20 milliseconds to write to flash. During this time, the device should not be reset, or flash operations will be interrupted and cannot be relied
on to have completed. Reset sources include the XRES pin, software resets, CPU lockup states and privilege violations, improper power supply levels, and watchdogs.

Make certain that these are not inadvertently activated.
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Table 43. Voltage Monitor DC Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID265 Vivi LVI_A/D_SEL[3:0] = 0000b 1.71 1.75 1.79 \Y, -
SID266 Viviz LVI_A/D_SEL[3:0] = 0001b 1.76 1.80 1.85 \Y, -
SID267 Vivia LVI_A/D_SEL[3:0] = 0010b 1.85 1.90 1.95 \Y, -
SID268 Vivia LVI_A/D_SEL[3:0] = 0011b 1.95 2.00 2.05 \Y, -
SID269 Vivis LVI_A/D_SEL[3:0] = 0100b 2.05 210 215 \Y, -
SID270 Vivie LVI_A/D_SEL[3:0] = 0101b 2.15 2.20 2.26 \Y, -
SID271 Viviz LVI_A/D_SELJ[3:0] = 0110b 2.24 2.30 2.36 \Y, -
SID272 Vivis LVI_A/D_SEL[3:0] = 0111b 2.34 240 2.46 \Y, -
SID273 Vivie LVI_A/D_SEL[3:0] = 1000b 2.44 2.50 2.56 \Y, -
SID274 Vivito LVI_A/D_SEL[3:0] = 1001b 2.54 2.60 2.67 \Y, -
SID2705  |Vivi1 LVI_A/D_SEL[3:0] = 1010b 2.63 2.70 2.77 \Y, -
SID276 Vivii2 LVI_A/D_SEL[3:0] = 1011b 2.73 2.80 2.87 \Y, -
SID277 Viviia LVI_A/D_SEL[3:0] = 1100b 2.83 2.90 297 \Y, -
SID278 Viviia LVI_A/D_SEL[3:0] = 1101b 2.93 3.00 3.08 \Y, -
SID279 Viviis LVI_A/D_SEL[3:0] = 1110b 3.12 3.20 3.28 \Y, -
SID280 Vivite LVI_A/D_SEL[3:0] = 1111b 4.39 4.50 4.61 \Y, -
SID281 LVI_IDD Block current - - 100 MA -
Table 44. Voltage Monitor AC Specifications
Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID282 TVONTRIP Voltage monitor trip time - - 1 VIS -
SWD Interface
Table 45. SWD Interface Specifications
Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID283  |F_SWDCLK1 |33V <Vpp<55V - - 14 MHz g\éﬁ?rtﬁfelf’y CPU
SID284  |F_SWDCLK2  [1.71V<Vpp <33V - - 7 MHz cs:l\é\i:i?rzﬁuse;é ?;, cPU
SID285 T_SWDI_SETUP |T = 1/f SWDCLK 025xT - - ns -
SID286 T_SWDI_HOLD |T = 1/f SWDCLK 025xT - - ns -
SID287 T_SWDO_VALID |T = 1/f SWDCLK - - 05xT ns -
SID288 T_SWDO_HOLD |T = 1/f SWDCLK 1 - - ns -
Internal Main Oscillator
Table 46. IMO DC Specifications
Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID289 limo1 IMO operating current at 48 MHz - - 1000 MA -
SID290 limo2 IMO operating current at 24 MHz - - 325 MA -
SID291 limos IMO operating current at 12 MHz - - 225 A -
SID292 limoa IMO operating current at 6 MHz - - 180 HA -
SID293 limos IMO operating current at 3 MHz - - 150 pA -
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Table 47. IMO AC Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
Frequency variation from 3 to _ _ 0 With API-called
SID296  \FimotoLs 48 MHz *2 % | calibration
SID297 FimoToLs IMO startup time - - 12 ps -

Internal Low-Speed Oscillator
Table 48. ILO DC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
S1D298 liLo2 ILO operating current at 32 kHz - 0.3 1.05 MA -

Table 49. ILO AC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID299 TsTARTILO1 ILO startup time - - 2 ms -
SID300 FiLoTRIM1 32-kHz trimmed frequency 15 32 50 kHz -

Table 50. External Clock Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID301 ExtClkFreq External clock input frequency 0 - 48 MHz |CMOS input level only
SID302 ExtClkDuty Duty cycle; Measured at Vpp/o 45 - 55 % CMOS input level only

Table 51. UDB AC Specifications

Spec ID Parameter Description | Min | Typ ‘ Max Units | Details/Conditions
Data Path performance
Max frequency of 16-bit timer in a
SID303  |Fyax-TIMER UDB pa?r y - - 48 MHz -
Max frequency of 16-bit adder in a
SID304  |Fyax-.ADDER UDB pa?r y - - 48 MHz -
Max frequency of 16-bit CRC/PRS in
SID305 FMAX_CRC a UDB pair - - 48 MHz -
PLD Performance in UDB
Max frequency of 2-pass PLD function
SID306  |Fyax pLD o UDB pairy P - - 48 MHz -
Clock to Output Performance
Prop. delay for clock in to data out at
SID307 TCLK_OUT_UDB'] 25 o%‘ Tprcal - 15 - ns -
Prop. delay for clock in to data out,
SID308 TCLK_OUT_UDBZ WOTF)St Casg - 25 - ns -
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Figure 8. 56-Pin QFN 7 x 7 x 0.6 mm

TOP VIEW SIDE VIEW BOTTOM VIEW
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NOTES:
1. BB HATCH AREA IS SOLDERABLE EXPOSED PAD
2. BASED ON REF JEDEC # MO-248
3. ALL DIMENSIONS ARE IN MILLIMETERS 001-58740 *C

The center pad on the QFN package should be connected to ground (VSS) for best mechanical, thermal, and electrical performance.
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Table 60. Acronyms Used in this Document

Table 60. Acronyms Used in this Document (continued)

Acronym Description

abus analog local bus

ADC analog-to-digital converter

AG analog global

AHB AMBA (advanced microcontroller bus archi-
tecture) high-performance bus, an ARM data
transfer bus

ALU arithmetic logic unit

AMUXBUS |analog multiplexer bus

API application programming interface

APSR application program status register

ARM® advanced RISC machine, a CPU architecture

ATM automatic thump mode

BW bandwidth

CAN Controller Area Network, a communications
protocol

CMRR common-mode rejection ratio

CPU central processing unit

CRC cyclic redundancy check, an error-checking
protocol

DAC digital-to-analog converter, see also IDAC, VDAC

DFB digital filter block

DIO digital input/output, GPIO with only digital
capabilities, no analog. See GPIO.

DMIPS Dhrystone million instructions per second

DMA direct memory access, see also TD

DNL differential nonlinearity, see also INL

DNU do not use

DR port write data registers

DSI digital system interconnect

DWT data watchpoint and trace

ECC error correcting code

ECO external crystal oscillator

EEPROM electrically erasable programmable read-only
memory

EMI electromagnetic interference

EMIF external memory interface

EOC end of conversion

EOF end of frame

EPSR execution program status register

ESD electrostatic discharge

Document Number: 002-09848 Rev. *C

Acronym Description

ETM embedded trace macrocell

FIR finite impulse response, see also IR

FPB flash patch and breakpoint

FS full-speed

GPIO ggneral-purpose input/output, applies to a PSoC
pin

HVI high-voltage interrupt, see also LVI, LVD

IC integrated circuit

IDAC current DAC, see also DAC, VDAC

IDE integrated development environment

I2C, orllC Inter-Integrated Circuit, a communications
protocol

IIR infinite impulse response, see also FIR

ILO internal low-speed oscillator, see also IMO

IMO internal main oscillator, see also ILO

INL integral nonlinearity, see also DNL

110 input/output, see also GPIO, DIO, SIO, USBIO

IPOR initial power-on reset

IPSR interrupt program status register

IRQ interrupt request

IT™ instrumentation trace macrocell

LCD liquid crystal display

LIN Local Interconnect Network, a communications
protocol.

LR link register

LUT lookup table

LVD low-voltage detect, see also LVI

LVI low-voltage interrupt, see also HVI

LVTTL low-voltage transistor-transistor logic

MAC multiply-accumulate

MCU microcontroller unit

MISO master-in slave-out

NC no connect

NMI nonmaskable interrupt

NRZ non-return-to-zero

NVIC nested vectored interrupt controller

NVL nonvolatile latch, see also WOL

opamp operational amplifier

PAL programmable array logic, see also PLD
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Table 60. Acronyms Used in this Document (continued)

Table 60. Acronyms Used in this Document (continued)

Document Number: 002-09848 Rev. *C

Acronym Description Acronym Description
PC program counter SWV single-wire viewer
PCB printed circuit board D transaction descriptor, see also DMA
PGA programmable gain amplifier THD total harmonic distortion
PHUB peripheral hub TIA transimpedance amplifier
PHY physical layer TRM technical reference manual
PICU port interrupt control unit TTL transistor-transistor logic
PLA programmable logic array X transmit
PLD programmable logic device, see also PAL UART Universal Asynchronous Transmitter Receiver, a
PLL phase-locked loop communications protocol
PMDD package material declaration data sheet ubs universal digital block
POR power-on reset USB Universal Serial Bus
PRES precise power-on reset USBIO ;J?J%g\ggtr/toutput, PSoC pins used to connect to
PRS pseudo random sequence VDAC voltage DAC, see also DAC, IDAC
PS port read data register WDT watchdog timer
PSoC® Programmable System-on-Chip™ WOL write once latch, see also NVL
PSRR power supply rejection ratio WRES watchdog timer reset
PWM pulse-width modulator XRES external reset /O pin
RAM random-access memory XTAL crystal
RISC reduced-instruction-set computing
RMS root-mean-square
RTC real-time clock
RTL register transfer language
RTR remote transmission request
RX receive
SAR successive approximation register
SC/CT switched capacitor/continuous time
SCL I2C serial clock
SDA I°C serial data
S/H sample and hold
SINAD signal to noise and distortion ratio
SIO special input/output, GPIO with advanced
features. See GPIO.
SOC start of conversion
SOF start of frame
SPI Serial Peripheral Interface, a communications
protocol
SR slew rate
SRAM static random access memory
SRES software reset
SWD serial wire debug, a test protocol
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Document Conventions

Units of Measure

Table 61. Units of Measure

Symbol Unit of Measure
°C degrees Celsius
dB decibel
fF femto farad
Hz hertz
KB 1024 bytes
kbps kilobits per second
Khr kilohour
kHz kilohertz
kQ kilo ohm
ksps kilosamples per second
LSB least significant bit
Mbps megabits per second
MHz megahertz
MQ mega-ohm
Msps megasamples per second
MA microampere
uF microfarad
uH microhenry
us microsecond
5\ microvolt
pWwW microwatt
mA milliampere
ms millisecond
mV millivolt
nA nanoampere
ns nanosecond
nV nanovolt
Q ohm
pF picofarad
ppm parts per million
ps picosecond
s second
sps samples per second
sqrtHz square root of hertz
\% volt
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General Description

The Bluetooth Low Energy (BLE) Component provides a comprehensive GUI-based
configuration window to facilitate designing applications requiring BLE connectivity. The
Component incorporates a Bluetooth Core Specification v4.2 compliant protocol stack and
provides APIs to enable user applications to access the underlying hardware via the stack.

When to use the BLE Component

BLE is used in very low power network and Internet of Things (IoT) solutions aimed for low-cost
battery operated devices that can quickly connect and form simple wireless links. Target
applications include HID, remote controls, sports and fithess monitors, portable medical devices
and smart phone accessories, among many others that are being added to a long list of BLE
supporting solutions.

SIG adopted Profiles and Services

The BLE Component supports numerous SlG-adopted GATT-based Profiles and Services. Each
of these can be configured for either a GATT Client or GATT Server. The Component generates
all the necessary code for a particular Profile/Service operation, as configured in the component
Configure dialog.

The component can also support several Profiles at a time by adding the required Services of a
Profile to a base Profile. For example, you can select HID as a base Profile. Then to add a Find
Me Profile, add the Immediate Alert Service to the HID Profile.

See BLE Service-Specific APIs for a list of supported Profiles and Services.

Comprehensive APIs

The BLE Component provides application-level APIs to design solutions without requiring
manual stack level configuration. The BLE Component API documentation is also provided in a
separate HTML-based file.

Custom Profiles

You can create custom Profiles that use existing Services, and you can create custom Services
with custom Characteristics and Descriptors. There are no restrictions for GAP roles for a
custom Profile.

Debug Support

For testing and debugging, the Component can be configured to HCI mode through a
Component embedded UART. For over-the-air verification, Cypress CySmart Central Emulation
Tool can be used for generic Bluetooth host stack emulation. To launch this tool, right click on
the Component to bring up the context menu, and choose to deploy the CySmart Central
Emulation Tool.

== Cypress
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BLE Component Architecture

The BLE Component consists of the BLE Stack, BLE Profile, BLE Component Hardware
Abstraction Layer (HAL), and the Link Layer. The following figure shows a high-level architecture
of the BLE Component, illustrating the relationship between each of the layers and the route in
which the application interacts with the Component. Note that the application is informed of the
BLE events through the use of callback functions. You may build your state machine using
these. Refer to the Callback Functions section for more details.

‘ I/O interface to | Profile specific interface
external resources (e.g., heart rate sensor)

I 1

Application

LE API

BLE Component

GUI #i% GATT DB k}i% Profile AP

“ GAP/GATT API
\
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Timer API
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Manager
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Host
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SW Timer )
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The following sub-sections give an overview of each of these layers.

BLE Stack

The BLE stack implements the core BLE functionality as defined in the Bluetooth Core
Specification 4.2. The stack is included as a precompiled library and it is embedded inside the
BLE Component.

The BLE stack implements all the mandatory and optional features of Low Energy Single Mode
compliant to Bluetooth Core Specification 4.2. The following table shows which Bluetooth Core
Specification 4.2 features are supported by different devices.

Features Devices with Bluetooth 4.1 Devices with Bluetooth 4.2

LE Secure connection 4

LL Privacy -

LE Data Length Extension -

The BLE Stack implements a layered architecture of the BLE protocol stack as shown in the
following figure.

BLE Stack

Generic Access Profile (GAP)

Generic Attribute Profile (GATT)

{ ) "
Host Control Interface (HCI)
Link Layer (LL) Controller

Physical Layer (PHY)

Generic Access Profile (GAP)

The Generic Access Profile defines the generic procedures related to discovery of Bluetooth
devices and link management aspects of connecting to Bluetooth devices. In addition, this profile
includes common format requirements for parameters accessible on the user interface level.

==
S/ Crpress
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The Generic Access Profile defines the following roles when operating over the LE physical
channel:

® Broadcaster role: A device operating in the Broadcaster role can send advertising
events. Itis referred to as a Broadcaster. It has a transmitter and may have a receiver.

® Observer role: A device operating in the Observer role is a device that receives
advertising events. It is referred to as an Observer. It has a receiver and may have a
transmitter.

®  Peripheral role: A device that accepts the establishment of an LE physical link using any
of the connection establishment procedures is termed to be in a "Peripheral role.” A
device operating in the Peripheral role will be in the "Slave role" in the Link Layer
Connection State. A device operating in the Peripheral role is referred to as a Peripheral.
A Peripheral has both a transmitter and a receiver.

®  Central role: A device that supports the Central role initiates the establishment of a
physical connection. A device operating in the "Central role" will be in the "Master role" in
the Link Layer Connection. A device operating in the Central role is referred to as a
Central. A Central has a transmitter and a receiver.

Generic Attribute Profile (GATT)

The Generic Attribute Profile defines a generic service framework using the ATT protocol layer.
This framework defines the procedures and formats of services and their Characteristics. It
defines the procedures for Service, Characteristic, and Descriptor discovery, reading, writing,
notifying, and indicating Characteristics, as well as configuring the broadcast of Characteristics.

GATT Roles

®  GATT Client: This is the device that wants data. It initiates commands and requests
towards the GATT Server. It can receive responses, indications, and notifications data
sent by the GATT Server.

®  GATT Server: This is the device that has the data and accepts incoming commands and
requests from the GATT Client and sends responses, indications, and notifications to a
GATT Client.

The BLE Stack can support both roles simultaneously.

Attribute Protocol (ATT)

The Attribute Protocol layer defines a Client/Server architecture above the BLE logical transport
channel. The attribute protocol allows a device referred to as the GATT Server to expose a set of
attributes and their associated values to a peer device referred to as the GATT Client. These
attributes exposed by the GATT Server can be discovered, read, and written by a GATT Client,

=
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and can be indicated and notified by the GATT Server. All the transactions on attributes are
atomic.

Security Manager Protocol (SMP)

Security Manager Protocol defines the procedures and behavior to manage pairing,
authentication, and encryption between the devices. These include:

®  Encryption and Authentication

®  Pairing and Bonding
o Pass Key and Out of band bonding

® Key Generation for a device identity resolution, data signing and encryption

®  Pairing method selection based on the 10 capability of the GAP central and GAP
peripheral device

Logical Link Control Adaptation Protocol (L2CAP)
L2CAP provides a connectionless data channel. LE L2CAP provides the following features:

®  Channel multiplexing, which manages three fixed channels. Two channels are dedicated
for higher protocol layers like ATT, SMP. One channel is used for the LE-L2CAP protocol
signaling channel for its own use.

®  Segmentation and reassembly of packets whose size is up to the BLE Controller
managed maximum packet size.

®  Connection-oriented channel over a specific application registered using the PSM
(protocol service multiplexer) channel. It implements credit-based flow control between
two LE L2CAP entities. This feature can be used for BLE applications that require
transferring large chunks of data.

Host Controller Interface (HCI)

The HCI layer implements a command, event, and data interface to allow link layer access from
upper layers such as GAP, L2CAP, and SMP.

Link Layer (LL)

The LL protocol manages the physical BLE connections between devices. It supports all LL
states such as Advertising, Scanning, Initiating, and Connecting (Master and Slave). It
implements all the key link control procedures such as LE Encryption, LE Connection Update, LE
Channel Update, and LE Ping. The Link Layer is a hardware-firmware co-implementation, where
the key time critical LL functions are implemented in the LL hardware. The LL firmware maintains

=, G
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and controls the key LL procedure state machines. It supports all the BLE chip specific low
power modes.

The BLE Stack is a pre-compiled library in the BLE Component. The appropriate configuration of
the BLE Stack library is linked during a build process based on application. The BLE Stack
libraries are ARM Embedded Application Binary Interface (eabi) compliant and they are compiled
using ARM compiler version 5.03.

The following table shows the mapping between the BLE Stack library to the user-configured
Profile Role in Profile Mode or HCI Mode. Refer to the Generic Tab section for selection of stack
configuration.

BLE Component

Configuration GAP Role BLE Stack Library
BLE Profile Central + Peripheral CyBLEStack_BLE_SOC_CENTRAL_PERIPHERAL.a
BLE Profile Central CyBLEStack_ BLE_SOC_CENTRAL.a
BLE Profile Peripheral CyBLEStack BLE_SOC_PERIPHERAL.a
Broadcaster/Observer | Broadcaster CyBLEStack_BLE_SOC_PERIPHERAL.a
Broadcaster/Observer | Observer CyBLEStack_BLE_SOC_CENTRAL.a
HCI Mode N/A CyBLEStack_HCI_MODE_CENTRAL_PERIPHERAL.a

Profile Layer

In BLE, data is organized into concepts called Profiles, Services, and Characteristics.

® A Profile describes how devices connect to each other to find and use Services. It is a
definition used by Bluetooth devices to describe the type of application and the general
expected behavior of that device. See the Profile parameter for how to configure the BLE
Component.

® A Service is a collection of data entities called Characteristics. A Service is used to define
a certain function in a Profile. A Service may also define its relationship to other Services.
A Service is assigned a Universally Unique Identifier (UUID). This is 16 bits for SIG
adopted Services and 128 bits for custom Services. See the Toolbar section for
information about adding Services to a Profile.

® A Characteristic contains a Value and the Descriptor that describes a Characteristic
Value. It is an attribute type for a specific piece of information within a Service. Like a
Service, each Characteristic is designated with a UUID; 16 bits for SIG adopted
Characteristics and 128 bits for custom Characteristics. See the Toolbar section for
information about adding Characteristics and Descriptors.
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The following diagram shows the relationship between Profiles, Services, and Characteristics in
a sample BLE heart rate monitor application using a Heart Rate Profile.

BLE HRM
‘ Belt

Service
Heart Rate Service

Profile: Heart Rate Collector role Profile: Heart Rate Sensor role

GAP role: Central GAP role: Peripheral
GATT Client GATT Server

Link Layer: Master Link Layer:‘ Slave

GAP GAP
Central Peripheral
Collector Sensor
Profile Profile
GATT GATT
Client Server
Link Link
Master Slave

The Heart Rate Profile contains a Heart Rate Service and a Device Information Service. Within
the Heart Rate Service, there are three Characteristics, each containing different information.
The device in the diagram is configured as a Sensor role, meaning that in the context of the
Heart Rate Profile, the device is a GAP Peripheral and a GATT Server. These concepts are
explained in the BLE Stack description.

The Profile layer is generated by PSoC Creator using the parameter configurations specified in
the GUI. The Profile implements the Profile specific attribute database and APIs required for the
application. You can choose to configure the standard SIG adopted Profile and generate a
design or define a Custom Profile required by an application. The GUI also allows import/export
of a Profile design in XML format for Profile design reuse. In addition, the Bluetooth Developer
Studio compliant XML format is available.

Hardware Abstraction Layer (HAL)

The HAL implements the interface between the BLE stack and the underlying hardware. This
layer is meant for the stack only and is not advisable to modify it.
= ;’ CYPRESS
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Functional Description

Operation Flow

A typical application code consists of three separate stages: Initialization, Normal operation, and
Low power operation.

Power-on

Platform initialization
ake-up from
hibernate

No

‘ BLE-Component Initialization

BLE-Init Success

_Noﬁ
Application to call

BLE-Establish Connection process BLE ever?ts
API at least once in

BLE connection
event period.

onnecte

Success
Device Yes

A
‘ Process BLE Events

v
- Process received packet &
status of previous transfer

I
I
|
|
I
I
I
I
I
- Scan sensors I
I
I
I
I
I
|
I
|
I

Call BLE component’s
Tx function

o sensor / BLE even
till Deep sleep timeou

Execute deep sleep
wakeup sequence

Once the Component is initialized, it enters normal operation and periodically enters various
degrees of low power operation to conserve power. Hence initialization should only happen at
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LFCLK configuration

The LFCLK configuration as set in the Clocks tab of the Design-Wide Resources
(<project>.cydwr) file affects the BLE Component’s ability to operate in Deep Sleep Mode. If the
WCO is chosen, then the Component Deep Sleep Mode is available for use. However, if the ILO
is chosen, then the Component cannot enter Deep Sleep.

Note The LFCLK is used in the BLE Component only during Deep Sleep Mode and hence the
ILO inaccuracy does not affect the BLE communication.

Unsupported Features

The BLE Component stack does not support the following optional Bluetooth v4.2 protocol
features, as listed in Vol 6, Part B, section 4.6 of the specification:

®  Connection Parameters Request Procedure (Vol 6, Part B, section 4.6.2)
®  Extended Reject Indication (Vol 6, Part B, section 4.6.3)

®  Slave-initiated Features Exchange (Vol 6, Part B, section 4.6.4)

Input/Output Connections

This section describes the input and output connections for the BLE. An asterisk (*) in the list of
I/Os indicates that the 1/0O may be hidden on the symbol under the conditions listed in the
description of that 1/O.

BLE_1
BLE

€3 Bluetooth'

SMART

4.2 pa_enf-

pa_en — Output *

The power amplifier enable (pa_en) output allows you to connect a high active external power
amplifier to the device. This output can be routed to the P5[0] digital output pin only. This output
is visible if the Enable external Power Amplifier control parameter is selected on the
Advanced tab.

=
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Component Parameters

Drag a BLE Component onto your design and double-click it to open the Configure dialog. This
dialog has the following tabs with different parameters.

General Tab

The General tab allows general configuration of the BLE Component. This tab contains tools to
load and save configurations as also three main areas for the type of configuration.

Configure 'BLE' @
Mame: BLE_1
_/m Profiles | GAP Settings |~ L2CAP Settings |~ Advanced © Built-n 4 b
[ Load configuration [ Save configuration
@ Profile
Profile: |A|ert Notification = |
Profile role: |A|ert Notification Server {GATT Server) hd |
GAP role: |Cermal - |

Over-The-Air bootloading with code sharing
@ Disabled

Stack anhy

Profile only

Broadcaster/Observer

Host Controller Interface (HCI)

Datashest [ OK ] ‘ Apply | ‘ Cancel

Load Configuration/Save Configuration

Use the Load Configuration button to load the previously saved xml Component configuration;
use the Save Configuration button to save the current configuration for use in other designs. It is
possible to import and export the customizer configuration in xml format.

Note In order to load or save a Profile in the Bluetooth Developer Studio compliant format, use
Load BDS Profile and Save Profile in BDS format toolbar commands on the Profiles tab.
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Mode Selection

On the main part of this tab, there are three options to select a mode:
" Profile
®  Broadcaster/Observer

B  Host Controller Interface

General Tab — Profile

The Profile mode is used to select the target Profile, Profile role, and GAP role, as well as Over-
The-Air (OTA) Bootloading options.

@ Profile
Profle: [lett Natification -
Profile rale: |f-‘-.|ert Matification Server [GATT Server] - |
GAF role: | Central i |

Ower-The-air bootlnading with code sharing
@ Disabled

Stack anly

Profile anly

Profile

The Profile option is used to choose the target Profile from a list of supported Profiles. See
Profile, Service, and Characteristic. The following Profiles are available for selection:

Alert Notification

This Profile enables a GATT Client device to receive different types of alerts and event

information, as well as information on the count of new alerts and unread items, which exist in
the GATT Server device.

® Alert Notification Server Profile role — Specified as a GATT Server. Requires the
following Service: Alert Notification Service.
o Central GAP role

o Peripheral and Central GAP role

® Alert Notification Client Profile role — Specified as a GATT Client.
o Peripheral GAP role
o Peripheral and Central GAP role

Refer to the Alert Notification Profile Specification for detailed information about the Alert
Notification Profile.

ﬂ
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Advertisement / Scan response data settings

Advertisement (AD) or Scan response data packet is a 31 byte payload used to declare the
device's BLE capability and its connection parameters. The structure of this data is shown below
as specified in the Bluetooth specification.

Advertising or Scan Response Data (31 Octets)
-4 >

Significant Part

Non-significant Part

|
|
| n Octets

Length — n Octets

AD Type

AD Type

-4 - -
AD Structure 1 | AD Structure 2 AD Structure N 000... '000

I -

| TTe——

| 1 Octet Length Octets T - _
Length Data

The data packet can contain a number of AD structures. Each of these structures is composed of
the following parameters.

® AD Length: Size of the AD Type and AD Data in bytes.
® AD Type: The type of advertisement within the AD structure.

® AD Data: Data associated with the AD Type.
The total length of a complete Advertising packet cannot exceed 31 bytes.

An example structure for Advertisement data or Scan response data is as follows.

B AD Structure Element Definition:

o AD Length: Size of AD Type and associated AD Data = 5 bytes
o AD Type (1 byte): 0x03 (Service UUID)

o AD Data (4 bytes): 0x180D, 0x180A (Heart Rate Service, Device Information
Service)

==
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The following table shows the AD Types.

AD Type Description
Flags Flags to broadcast underlying BLE transport capability such as
Discoverable mode, LE only, etc.
Local Name Device Name (complete of shortened). The device nhame value comes from

the Device name field on the GAP Settings tab, under General.

Tx Power Level

Transmit Power Level. Taken from the Adv/Scan TX power level field on
the GAP Settings tab, under General.

Slave Connection Interval Range

Preferred connection interval range for the device. Not available in
Broadcaster GAP role.

Service UUID

List of Service UUIDs to be broadcasted that the device has implemented.
There are different AD Type values to advertise 16-bit, 32-bit and 128-bit
Service UUIDs. 16-bit and 32-bit Service UUIDs are used if they are
assigned by the Bluetooth SIG.

Service Solicitation

List of Service UUIDs from the central device that the peripheral device
would like to use. There are different AD Type values to advertise 16-bit,
32-bit and 128-bit Service UUIDs.

Service Data

2/4/16-byte Service UUID, followed by additional Service data.

Security Manager TK value

Temporal key to be used at the time of pairing. Not available in
Broadcaster GAP role.

Appearance

The external appearance of the device. The value comes from the
Appearance field on the GAP Settings tab, under General.

Public Target Address

The public device address of intended recipients.

Random Target Address

The random device address of intended recipients.

Advertising Interval

The Advertising interval value that is calculated as an average of Fast
advertising interval minimum and maximum values configured on the GAP
Settings tab, under Advertisement Settings.

LE Bluetooth Device Address

The device address of the local device. The value comes from the Public
device address field on the GAP Settings tab, under General.

LE Role

Supported LE roles. Not available in Broadcaster GAP role.

URI

URI, as defined in the IETF STD 66.

Manufacturer Specific Data

2 bytes company identifier followed by manufacturer specific data.
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GAP Settings Tab — Scan response packet

This section displays when the device is configured to contain a "Peripheral,” "Broadcaster," or
"Peripheral and Central" GAP role. It is used to configure the Scan response data packet to be
used in response to device scanning performed by a GATT Client device.

Configure 'BLE @
Mame: BLE_1
General |* Profiles /" GAP Settings |° L2CAP Settings ~ Advanced | Built-in 4 b
E| E:::'zlml ol Scan response data settings: Scan response packet:

- Advertisement settings Mame Value Description Value Index

- Advertisement packet W Local Name =}-AD Data 1: <=Slave Connection Interval Range>>

- Scan responze packet

[+{_| TX Power Level - Length =05 |[0]
=] Slave Connection Interval Range [} <<Slave Connection Interval Ranges> &2 ([
D Minimum b Minimum : Undefined
ol Maximum e [0] oFF (2]

| Service UUID ] 0xFF 13
| Service Solicitation [=H Maxamum : Undefined
& | Service Data ) 0FF |[4]
# | Service Manager TK Value L] WFF |5
+{ | Appearance

| Public Target Address
[+ | Random Target Address
E

4

£

£

E

+{ | Advertising Interval

++_| LE Bluetooth Device Address
#{ | LE Role

++{ | LRI

+{ | Manufacturer Specific Data

4| 1 | 2

Restore Defaults
) [ oo

The packet structure of a Scan response packet is the same as an Advertisement packet. See
Advertisement / Scan response data settings for information on configuring the Scan response
packet.
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GAP Settings Tab — Peripheral preferred connection parameters

These parameters define the preferred BLE interface connection settings of the Peripheral. After
establishing a connection, the Central device may read these settings and update the BLE
interface connection parameters accordingly.

Configure 'BLE' @
Name: BLE_1
General | Profies ' GAP Settings |~ L2CAP Settings | Advanced  Built-n L
Geheml Connection interval:
—I- Peripheral role
- Advertisement seftings /| Minimum {ms): 75 =
i Advertisement packet )
P V| Maximum {ms): 50 =
- Scan response packet
¥ Peripheral prefermed connection parameters Slave latency: i) n
----- Security
Connection supervision 10000 =
timeout {ms):
Restore Defaults

Datashest l 0K ] | Apply ‘ | Cancel ‘

Note The scaled values of these parameters used internally by the BLE stack are also shown in

the Peripheral Preferred Connection Parameters on the Profiles tab. These are the actual
values sent over the air.

®  Connection interval — The Central device connecting to a Peripheral device needs to
define the time interval for a connection to happen.

o Minimum (ms): This parameter is the minimum permissible connection time value
to be used during a connection event. It is configured in steps of 1.25 ms. The
range is from 7.5 ms to 4000 ms. Unchecked means no specific minimum.

o Maximum (ms): This parameter is the maximum permissible connection time value
to be used during a connection event. It is configured in steps of 1.25 ms. The
range is from 7.5 ms to 4000 ms. Unchecked means no specific maximum.

®  Slave Latency — Defines the latency of the slave in responding to a connection event in
consecutive connection events. This is expressed in terms of multiples of connection

intervals, where only one connection event is allowed per interval. The range is from 0 to
499 events.
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® Connection Supervision Timeout — This parameter defines the LE link supervision
timeout interval. It defines the timeout duration for which an LE link needs to be sustained
in case of no response from peer device over the LE link. The time interval is configured
in multiples of 10 ms. Unchecked means no specific value. The range is from 100 ms to

32000 ms.

Note that for proper operation the Connection Supervision Timeout must be larger than (1
+ Slave latency) * Connection Interval * 2 (ms). Refer to Bluetooth Core Specification
4.2 Volume 6, Part B, Chapter 4.5.2 for more information on Connection Supervision

Timeout.

GAP Settings Tab — Scan settings

These parameters are available when the device is configured as a "Central,” "Peripheral and

Central," or “Observer” GAP role. Typically during a device discovery, the GATT Client device
initiates the scan procedure. It uses Fast scan parameters for a period of time, approximately
30 to 60 seconds, and then it reduces the scan frequency using the Slow scan parameters.

Configure 'BLE'
Name: BLE_1

General | Profiles ./ GAP Settings |© L2CAF Se

ttings -~ Advanced | Built-in

o~ General
=I- Central role

Restore Defaults
Datasheet

Discovery procedure:

Scanning state:

Filter policy:
Duplicate fitering

Scan parameters
Fast scan parameters:

Scan window {ms):

Scan interval (ms):

V| Scan timeout (s):

| Slow scan parameters:

Scan window {ms):

Scan interval (ms):

V| Scan timeout (s):

(-]
4 b
|Gener:i| v|
|Adive vl
[ -

30
30
30

1125
1280
150

Cancel

Note The scan interval needs to be aligned with the user-selected Profile specification.

Document Number: 002-11179 Rev. *A

Page 51 of 550



Bluetooth Low Energy (BLE) PSoC® Creator™ Component Datasheet

Discovery procedure

®  Limited — A device performing this procedure shall discover the device doing limited
discovery mode advertising only.

®  General — A device performing this procedure shall discover the devices doing general
and limited discovery advertising.

Scanning state
®  Passive - In this state a device can only listen to advertisement packets.

® Active — In this state a device may ask an advertiser for additional information.

Filter policy

This parameter defines how the advertisement packets are filtered.
® All — Process all advertisement packets.

®  White List Only — Process advertisement packets only from devices in the White List.

Duplicate filtering

When enabled, this activates filtering of duplicated advertisement data. If disabled, the BLE stack
will not perform filtering of advertisement data.

Scan parameters

These parameters define the scanning time and interval between scanning events. Two different
sets of Scan parameters are used: Fast scan parameters and Slow scan parameters.
Typically after the device initialization, a central device uses the Fast scan parameters. After the
Fast scan timeout value expires, and if a connection with a Peripheral device is not established,
then the Profile switches to Slow scan parameters to save the battery life. After the Slow scan
timeout value expires, 'CYBLE_EVT_GAPC_SCAN_START_STOP ' event is generated. See
API documentation.

®  Fast scan parameters — This connection type results in a faster connection between the
GATT Client and Server devices than it is possible using a normal connection.

o Scan Window: This parameter defines the scan window when operating in Fast
connection. The parameter is configured to increment in multiples of 0.625 ms.
Valid range is from 2.5 ms to 10240 ms. Scan Window must be less than the
Scan Interval. Default: 30 ms.

o Scan Interval: This parameter defines the scan interval when operating in Fast
connection. The parameter is configured to increment in multiples of 0.625 ms.
Valid range is from 2.5 ms to 10240 ms. Default: 30 ms.

=, G
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o Scan Timeout: The timeout value of scanning with fast scan parameters. Default:
30 s. When unchecked, the device is scanning continuously. The timeout cannot
occur before the scanning interval is expired, that is why if a timeout value is less
than slow scanning interval minimum value, a warning is displayed.

®  Slow scan parameters — This connection results in a slower connection between the
GATT Client and GATT Server devices than is possible using a normal connection.
However this method consumes less power.

o Scan Window: This parameter defines the scan window when operating in Slow
Connection. The parameter is configured to increment in multiples of 0.625ms.
Valid range is from 2.5 ms to 10240 ms. Scan Window must be less than the
Scan Interval. Default: 1125 ms.

o Scan Interval: This parameter defines the scan interval when operating in Slow
Connection. The parameter is configured to increment in multiples of 0.625 ms.
Valid range is from 2.5 ms to 10240 ms. Default: 1280 ms.

o Scan Timeout: The timeout value of scanning with slow scan parameters. Default:
150 s. When unchecked, the device is scanning continuously. The timeout cannot
occur before the scanning interval is expired, that is why if a timeout value is less
than slow scanning interval minimum value, a warning is displayed.

Scan interval T Scan interval

- T
37 38 39

Scan Window

Scaninterval T\ Scan interval

38 39

Scan Window
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GAP Settings Tab — Connection parameters

This section is the same as Peripheral Preferred Connection Parameters for Advertisement
Settings. The only difference is that Central connection parameters will not be shown on the
Peripheral Preferred Connection parameters on the Profile tab.

Configure 'BLE' @
Name: BLE_1
General | Profies ' GAP Settings [ L2CAP Settings -~ Advanced © Built-n 4 b
E Seernrt?:lmle Connection interval:
- Scan settings Minimum {ms): 7h =
Maxdmum (ms): 50 =
Slave latency: ] =

Connection supervision 10000 =
timeout {ms):

Restore Defaults

y
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GAP Settings Tab — Security

This section contains several parameters to configure the global security options for the
Component. These parameters are configurable only in Profile mode. If the device is configured
as a GATT Server, you can optionally set each Characteristic using its own unique security
setting in the Profile Tree.

Configure 'BLE' @
Mame: CYELE
General | Profiles - GAP Settings ] L2CAP Settings  Advanced | Built-in L
- General ]
_ Pgriphelal role Security mode: Il'u'lode 1 vJ
- Advetisement seftings Security level: Muthenticated pairing with encryption -
Advertizement pachet I — o J
Scan response packet Mo
: Peripheral prefered conne =
1/0 capabilities: IDispIa'_.' "J
Bonding requirement : IBonding "J
4 L] r Encryption key size (bytes): 16 [
Restore Defautts

) )[ e

Security mode

Defines GAP security modes for the Component. Both available modes may support
authentication.

® Mode 1 - Used in designs where data encryption is required.

® Mode 2 — Used in designs where data signing is required.

Security level

Enables different levels of security depending on the selected Security mode:

® |f Model is selected, then the following security levels are available.
o No Security — With this level of security, the device will not use encryption or
authentication.
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PSoC 4 Operational Amplifier (Opamp)

1.20
Opamp 1
Features Opamp
®  Follower or Opamp configuration
S+

®  Rail-to-rail inputs and output

®  Qutput direct low resistance connection to pin

® 1mA or 10mA output current

® |nternal connection for follower

General Description

The Opamp operates as an off-the-shelf operation amplifier. A direct connection is made
between the Opamp output and a dedicated GPIO pin for a low output resistance. Two output
modes (Internal only and Output to pin) are provided to drive internal or external signals
respectively. The Output to pin may drive both internal (SAR component) and external signals.
The user also has control of different overall power levels that provide a tradeoff between power

and bandwidth.
For all devices, except PSoC 4100/PSoC 4200, the Opamp can operate in Deep Sleep power

mode.
Note External resistors are required to perform amplification.

When to Use the Opamp
The following is a list of common use cases for the Opamp component:

®  Gain for SAR ADC
®  High impedance buffer for SAR ADC
®  General purpose signal amplifier

B Active filter

San Jose, CA 95134-1709 - 408-943-2600

198 Champion Court
Revised May 4, 2016

Cypress Semiconductor Corporation
Document Number: 002-10780 Rev. *A
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Input/Output Connections

This section describes various input and output connections for the Opamp.

Positive Input — Analog Input

When the Opamp is configured in follower Mode, this I/O is the voltage input. If the Opamp is
configured in Opamp Mode, this I/O acts as the standard Opamp noninverting input.

Negative Input — Analog Input*

When the Opamp component is configured in Opamp Mode, this I/O is the normal inverting
input. When the Opamp is configured in Follower Mode, this 1/O is hard-connected to the output
and the 1/O is unavailable.

Vout — Analog output

The output can be directly connected to a pin and/or routed to an internal load using the Output
parameter. The drive strength is selectable as either Output to pin or Internal only. Connections
to pins require the Output to pin setting. Internal connections can operate with either the Internal
only or Output to pin setting, but should normally be configured for Internal only.

Component Parameters

Drag Opamp onto your design and double-click it to open the Configure dialog.

Configure 'OpAmp_P4’ [ ? ihI
Name: [DUT 1]
~ General [* Built-n 4 b
Mode Output
@ OpAmp Intemal onfy
Follower @ Output to pin 2
Power/Bandwidth Compensation capacitance
@ Low Low
Medium @ Medium
High High
Deep sleep operation
@ Disabled
Enabled {reduced power and performance)
Datasheet Apph, Cancel

The Opamp provides the following parameters:
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Mode

This parameter allows you to select between two configurations: Opamp and Follower. Opamp
is the default configuration. In this mode, all three terminals are available for connection. In the
follower mode, the inverting input is internally connected to the output to create a voltage
follower.

Power/Bandwidth

The Opamp works over a wide range of operating currents. Higher operating current increases
the Opamp bandwidth. The Power/Bandwidth parameter allows you to select the power level:
High, Medium, and Low.

Output

This parameter selects an output mode: Internal only — internal connections or Output to pin —
connection to pin (external).

Compensation

The opamp offers three compensation settings: Low, Med and High. This allows reducing the
compensation (hence increase the bandwidth) when the Opamp’s loop gain is reduced.

Deep sleep operation

This parameter is not available for PSoC 4100/PSoC 4200 devices. It enables the component
operation in Deep Sleep mode. If this option is enabled, a “DSOp” label will be displayed under
the symbol. If two Opamps of the same CTB/CTBm block are used in the project, both must
have the same Deep Sleep settings.

Opamp_1
Opamp

DSOp

Note Only dedicated pins may be used for operation in Deep Sleep mode.

Note For correct operation in Deep Sleep mode, the Vbpa must be larger than 2.5 V. The boost
pump does not operate in Deep Sleep mode.

=
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Application Programming Interface

Application Programming Interface (API) routines allow you to configure the component using
software. The following table lists and describes the interface to each function. The subsequent
sections cover each function in more detail.

By default, PSoC Creator assigns the instance name "Opamp_1" to the first instance of a
component in a given design. You can rename it to any unique value that follows the syntactic
rules for identifiers. The instance name becomes the prefix of every global function name,
variable, and constant symbol. For readability, the instance name used in the following table is
"Opamp"

Functions
Function Description

Opamp_Start() Performs all of the required initialization for the component and enables power
to the block.

Opamp_Stop() Turns off the Opamp block.

Opamp_Init() Initializes or restores the component according to the customizer Configure
dialog settings.

Opamp_Enable() Activates the hardware and begins component operation.

Opamp_SetPower() Sets the drive power to one of three settings; LOW_POWER, MED_POWER,
HIGH_POWER.

Opamp_PumpControl() Turn the boost pump on or off.

Opamp_Sleep() This is the preferred API to prepare the component for sleep.

Opamp_Wakeup() This is the preferred API to restore the component to the state when
Opamp_Sleep() was called.

void Opamp_Start(void)

Description: Performs all of the required initialization for the component and enables power to the block.
The first time the routine is executed, the Power level, Mode, and Output mode are set.
When called to restart the Opamp following a Stop() call, the current component parameter
settings are retained.

Parameters: None
Return Value: None

Side Effects: None

(
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void Opamp_Stop(void)
Description: Turn off the Opamp block.
Parameters: None
Return Value:  None

Side Effects: Does not affect the Opamp mode or power settings

void Opamp_Init(void)

Description: Initializes or restores the component according to the customizer Configure dialog settings. It
is not necessary to call Init() because the Start() API calls this function and is the preferred
method to begin the component operation.

Parameters: None
Return Value: None

Side Effects: All the registers will be set to values according to the customizer Configure dialog.

void Opamp_Enable(void)

Description: Activates the hardware and begins the component operation. It is not necessary to call
Enable() because the Start() API calls this function, which is the preferred method to begin
component operation.

Parameters: None
Return Value: None

Side Effects: None

void Opamp_SetPower(uint32 power)

Description: Sets the opamp to one of three power levels..
Parameters: (uint32) power: Power levels. See table below.
Parameter Value Description

Opamp_LOW_POWER | Lowest active power.

Opamp_MED_POWER | Medium power.

Opamp_HIGH_POWER | Highest active power.

Return Value: None

Embedded in Tomorron”
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void Opamp_PumpControl(uint32 onOff)

Description: Allows the user to turn the Opamp’s boost pump on or off. By Default the Opamp_Start()
function turns on the pump. Use this command to turn it off. The boost must be turned on
when the supply is less than 2.7 volts and off if the supply is more than 4 volts.

Parameters: (uint32) onOff: Control the pump. See the table below.
Parameter Value Description
Opamp_PUMP_OFF Turn off the pump
Opamp_PUMP_ON Turn on the pump

Return Value: None

Side Effects: Turning this pump off will reduce the Opamp input range by 1.8 volts or (Vssa to (Vdda — 1.8
volts)).

void Opamp_Sleep(void)

Description: This is the preferred API to prepare the component for sleep. The Sleep() API saves the
current component state and stops the component. Call the Sleep() function before calling
the CySysPmDeepSleep() or the CySysPmHibernate() functions. If the "Deep sleep
operation” is enabled then this function does nothing and the component continues to
operate during low power state.

Parameters: None
Return Value: None

Side Effects: None

void Opamp_Wakeup(void)

Description: This is the preferred API to restore the component to the state when Sleep() is called. If the
component has been enabled before the Sleep() function is called, the Wakeup() function
will also re-enable the component. If the "Deep sleep operation" is enabled then this function
does nothing because the component operates during low power state as well as in active
state.

Parameters: None
Return Value: None

Side Effects: Calling the Wakeup() function without first calling the Sleep() function may produce
unexpected behavior.

(
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Sample Firmware Source Code

PSoC Creator provides numerous example projects that include schematics and example code
in the Find Example Project dialog. For component-specific examples, open the dialog from the
Component Catalog or an instance of the component in a schematic. For general examples,
open the dialog from the Start Page or File menu. As needed, use the Filter Options in the
dialog to narrow the list of projects available to select.

Refer to the "Find Example Project"” topic in the PSoC Creator Help for more information.

MISRA Compliance

This section describes the MISRA-C:2004 compliance and deviations for the component. There
are two types of deviations defined:

®  project deviations — deviations that are applicable for all PSoC Creator components

B specific deviations — deviations that are applicable only for this component

This section provides information on the component-specific deviations. The project deviations
are described in the MISRA Compliance section of the System Reference Guide along with
information on the MISRA compliance verification environment.

The Opamp component has the following specific deviations:

MISRA-C: Rule Class Rule Description Description of Deviation(s)
2004 Rule (Required/Advisory)

A function is used in preference | Deviated since function-like macros

19.7 A to a function-like macro. are used to allow more efficient code.

APl Memory Usage

The component memory usage varies significantly, depending on the compiler, device, number
of APIs used and component configuration. The following table provides the memory usage for
all APIs available in the given component configuration.

The measurements have been done with the associated compiler configured in the Release
mode with an optimization set for Size. For a specific design, the map file generated by the
compiler can be analyzed to determine the memory usage.

PSoC 4 (GCC)
Configuration Flash Bytes | SRAM Bytes

Disabled 240 9

Deep sleep operation
Enabled 188 8

Embedded in Tomorron”
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Functional Description

This component is a basic operational amplifier. You may configure power, output strength, and
interconnect the Opamp to other components. Low resistive connections are made from the
Opamp to three selected pins to provide the optimal performance.

Using the Compensation option
There are recommended settings for the Compensation option:

Load Capacitance

Loop Gain Less than 50 pF | 50pF to 125 pF

1-6 Medium High

7 or more Low Medium

These settings are applicable for the Output to pin setting, which is capable to drive a pin. 125
pF is the maximum load capacitance for this output.

Placement

Each Opamp is directly connected to specific GPIOs along with being connected to the internal
fabric. The Output connection to a GPIO requires the use of the directly connected pin. Refer to
the device datasheet for the part being used for the specific physical pin connections.

Registers

See the chip Technical Reference Manual (TRM) for more information about the registers.

Component Debug Window

PSoC Creator allows viewing debug information about the components in the design. Each
component window lists the memory and registers for the instance. For detailed hardware
registers descriptions, refer to the appropriate device technical reference manual. For detailed
UDB registers descriptions used in the component, refer to the Registers section of this
datasheet.

To open the Component Debug window:
1. Make sure the debugger is running or in break mode.
2. Choose Windows > Components... from the Debug menu.

3. Inthe Component Window Selector dialog, select the component instances to view and
click OK.
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PSoC® Creator™ Component Datasheet PSoC 4 Operational Amplifier (Opamp)

The selected Component Debug window(s) will open within the debugger framework. Refer to
the "Component Debug Window" topic in the PSoC Creator Help for more information.

Resources

The Opamp uses one of the opamp (Constant Time Block — mini (CTBm)) blocks in PSoC 4. No
other resources are required.

DC and AC Electrical Characteristics

Specifications are valid for —40 °C < Ta < 85 °C and T; < 100 °C, except where noted.
Specifications are valid for 1.71 V to 5.5 V, except where noted.

Note Final characterization data for PSoC 4000S, PSoC 4100S and PSoC Analog Coprocessor
devices is not available at this time. Once the data is available, the component datasheet will be
updated on the Cypress web site..

DC Specifications

Parameter Description Conditions Min Typ Max Units
IDD Opamp Block current. No load. - - - -
IDD_HI Power = high - 1000 |1300 |pA
IDD_MED Power = medium - 320 500 HA
IDD_LOW Power = low - 250 350 HA
IDD Opamp Block current. VDD =1.8 | For PSoC 4200 BLE family - - - -

V. No load.

IDD_HI Power = high For PSoC 4200 BLE family - 1000 1300 | pA

IDD_MED Power = medium For PSoC 4200 BLE family - 500 - HA

IDD_LOW Power = low For PSoC 4200 BLE family - 250 350 HA

IDD_HI Power = high For PSoC 4100M/ - 1100 1850 |pA
PSoC 4200M/ PSoC 4200L

IDD_MED Power = medium For PSoC 4100M/ - 550 950 HA
PSoC 4200M/ PSoC 4200L

IDD_LOW Power = low For PSoC 4100M/ - 150 350 HA
PSoC 4200M/ PSoC 4200L

IOUT_MAX VDDA = 2.7 V, 500 mV from rail - - - -

IOUT_MAX_HI Power = high 10 - - mA

IOUT_MAX_MID | Power = medium 10 - - mA

IOUT_MAX_LO | Power = low - 5 - mA

I0UT VDDA =1.71 V, 500 mV from rail - - - -

Embedded in Tomorron”
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PSoC 4 Operational Amplifier (Opamp)

PSoC® Creator™ Component Datasheet

Parameter Description Conditions Min Typ Max Units
IOUT_MAX_HI Power = high 4 - - mA
IOUT_MAX_MID | Power = medium 4 - - mA
IOUT_MAX_LO | Power = low - 2 - mA
VIN Charge pump on, VDDA 2 2.7 V -0.05 |- VDDA |V

-0.2
VCM Charge pump on, VDDA 2 2.7 V -0.05 |- VDDA |V
-0.2
VOUT VDDA 227V - - -
VOUT_1 Power = high, lload=10 mA 0.5 - VDDA |V
-05
VOUT_2 Power = high, lload=1 mA 0.2 - VDDA |V
-0.2
VOUT_3 Power = medium, lload=1 mA 0.2 - VDDA |V
-0.2
VOUT_4 Power = low, lload=0.1mA 0.2 - VDDA |V
-0.2
VOS Offset voltage High mode 1 +0.5 1 mV
VOS Offset voltage Medium mode - +1 - mV
VOS Offset voltage Low mode - +2 - mV
VOS_DR Offset voltage drift High mode -10 |+3 10 puvic
VOS_DR Offset voltage drift Medium mode - +10 - puvic
VOS_DR Offset voltage drift Low mode - +10 - uvic
Cload Stable up to maximum load. - - 125 pF
Performance specs at 50 pF.
CMRR DC vVDDD =3.6 V 70 80 - dB
CMRR DC For PSoC 4200 BLE family 65 70 - dB
VDDD = 3.6 V, High-Power
Mode
CMRR DC Common mode rejection ratio. | For PSoC 4100M/ 60 70 - dB
High Power mode. Common PSoC 4200M/ PSoC 4200L
Model Voltage Range from 0.5V | \\ppp =36V
to VDDA - 0.5V.
PSRR At 1 kHz, 100 mV ripple vVDDD =3.6 V 70 85 - dB
Deep-Sleep Mode (For PSoC 4200 BLE family; only guaranteed for VDDA > 2.5 V)
IDD_DS Current - 15 - MA
Vos_DS Offset voltage - 5 - mV
Vos_dr DS Offset voltage drift - 20 - pVv/eC

Page 10 of 14
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PSoC 4 Operational Amplifier (Opamp)

Parameter Description Conditions Min Typ Max Units
Vout_DS Output voltage 0.2 - VDD- |V
0.2
Vem_DS Common mode voltage 0.2 - VDD- |V
1.8

Deep-Sleep Mode (For PSoC 4100M/PSoC 4200M/ PSoC 4200L; only guaranteed for VDDA = 2.7 V)

Mode 2 is lowest current range. Mode 1 has higher GBW.

IDD_HI_M1 Mode 1, High current 25°C - 1400 |- UuA

IDD_MED_M1 Mode 1, Medium current 25°C - 700 - UuA

IDD_LOW_M1 Mode 1, Low current 25°C - 200 - uA

IDD_HI_M2 Mode 2, High current 25°C - 120 - uA

IDD_MED_M2 Mode 2, Medium current 25°C - 60 - UuA

IDD_LOW_M2 Mode 2, Low current 25°C - 15 - UuA

VOS_HI_M1 Mode 1, High current With trim 25 °C, 0.2 V to VDDA- | - 5 - mV
15V

VOS_MED_M1 Mode 1, Medium current With trim 25 °C, 0.2 V to VDDA- | - 5 - mV
15V

VOS_LOW_M1 | Mode 1, Low current With trim 25 °C, 0.2 V to VDDA- | - 5 - mV
15V

VOS_HI_M2 Mode 2, High current With trim 25 °C, 0.2 V to VDDA- | - 5 - mV
15V

VOS_MED_M2 Mode 2, Medium current With trim 25 °C, 0.2 V to VDDA- | - 5 - mV
15V

VOS_LOW_M2 | Mode 2, Low current With trim 25 °C, 0.2 V to VDDA- | - 5 - mVv
15V

IOUT_HI_M1 Mode 1, High current Output is 0.5V to VDDA-0O5V |- 10 - mVv

IOUT_MED_M1 | Mode 1, Medium current Output is 0.5V to VDDA-05V |- 10 - mv

IOUT_LOW_M1 | Mode 1, Low current Output is 0.5V to VDDA-05V |- 4 - mv

IOUT_HI_M2 Mode 2, High current Output is 0.5V to VDDA-0O5V |- 1 - mVv

IOUT_MED_M2 | Mode 2, Medium current Output is 0.5V to VDDA-0O.5V |- 1 - mVv

IOUT_LOW_M2 | Mode 2, Low current Output is 0.5V to VDDA-0O.5V |- 0.5 - mVv

AC Specifications
Parameter Description Conditions Min Typ Max Units
GBW Load = 20 pF, 0.1 mA. VDDA = - - - -
27V
GBW_HI Power = high 6 - - MHz

Embedded in Tomorron”
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Parameter Description Conditions Min Typ Max Units
GBW_MED Power = medium 4 - - MHz
GBW_LO Power = low 2 - - MHz
GBW_LO Power = low For PSoC 4200 BLE family, - 1 - MHz

PSoC 4100M/PSoC 4200M/
PSoC 4200L
Noise - - - -
VN1 Input referred, 1 Hz - 1GHz, power - 94 - uVrms
= high
VN2 Input referred, 1 kHz, power = high - 72 - nV/rtHz
VN3 Input referred, 10kHz, power = high - 28 - nV/rtHz
VN4 Input referred, 100kHz, power = - 15 - nV/rtHz
high
Slew_rate Cload = 50 pF, Power = High, 6 - - V/usec
VDDA 227V
T_op_wake From disable to enable, no external - 300 - pSec
RC dominating
T_op_wake From disable to enable, no external | PSoC 4100M/PSoC 4200M/ - 25 - puSec
RC dominating PSoC 4200L

Deep-Sleep Mode (For PSoC 4200 BLE family; only guaranteed for VDDA > 2.5 V)

GBW_DS Gain bandwidth product - 50 - kHz

Deep-Sleep Mode (For PSoC 4100M/PSoC 4200M/ PSoC 4200L; only guaranteed for VDDA = 2.7 V)
Mode 2 is lowest current range. Mode 1 has higher GBW.

GBW_HI_M1 Mode 1, High current 20-pF load, noDCload 0.2V to |- 4 - MHz
VDDA-1.5V

GBW_MED_M1 Mode 1, Medium current 20-pF load, no DCload 0.2V to |- 2 - MHz
VDDA-1.5V

GBW_LOW_M1 | Mode 1, Low current 20-pF load, noDCload 0.2V to |- 0.5 - MHz
VDDA-1.5V

GBW_HI_M2 Mode 2, High current 20-pF load,noDCload 0.2V to |- 0.5 - MHz
VDDA-1.5V

GBW_MED_M2 Mode 2, Medium current 20-pF load, no DCload 0.2V to |- 0.2 - MHz
VDDA-1.5V

GBW_LOW_M2 | Mode 2, Low current 20-pF load, noDCload 0.2V to |- 0.1 - MHz
VDDA-1.5V

e
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Component Changes

This section lists the major changes in the component from the previous version.

PSoC 4 Operational Amplifier (Opamp)

Version Description of Changes Reason for Changes / Impact
Final characterization data for PSoC 4000S,
PSoC 4100S and PSoC Analog Coprocessor

1.20.a Edited datasheet. devices is not available at this time. Once the
data is available, the component datasheet will
be updated on the Cypress web site.

Qdded support for PSoC Analog Coprocessor New device support.
evices.
1.20
Edited the datasheet. Updated Component Parameters section with
clarification of the deep sleep operation.
Minor corrections in parameters naming (AC
) Specifications section).

1.10.d Edited the datasheet. i L
Updated DC and AC Electrical Characteristics
section with PSoC 4200L data.

Updated Offset voltage and Offset voltage drift
) parameter names into DC Specifications table.

1.10.c Edited the datasheet. . .
Updated DC and AC Electrical Characteristics
section with PSoC 4100M/ PSoC 4200M data.

. Added CMRR parameter values for

1.10.b Edited the datasheet. PS0C 4200 BLE devices.

Added information that for correct operation in

1.10.a Edited the datasheet. deep sleep mode, Voba must be larger than
25V.

Added the Deep sleep operation parameter to

control component availability in Deep Sleep mode.

Updates to support PSoC 4200 BLE devices.

Updated API Memory usage and MISRA

compliance sections.
110 Removed references to SaveConfig() and

RestoreConfig() APIs because they are empty.

Changed output mode parameters from “ImA” and

“10mA” to “Internal only” and “Output to pin”

respectively.
1.0.a Updated datasheet. Corrected specs to match device datasheet.
1.0 First release

Embedded in Tomorron”
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PSoC 4 Sequencing Successive Approximation ADC

(ADC_SAR_Seq)

2.40

ADC_SAR_Seq_1

ADC SAR Seq
Features ..
) ) €0Cft]
®  Selectable 8-, 10-, and 12-bit resolutions \
B Sample rates of up to 1 Msps with 12-bit resolution o
B
®  Supports both Single Ended and Differential inputs B <fSAR
- 12-bit
® Different ranges of inputs with multiple reference options i = ;
® Scan up to sixteen channels automatically, or just a single input

®  Allows an “injection” channel to be added to the scan sequence with firmware control at
runtime

®  Hardware averaging support

General Description

The Sequencing SAR ADC component gives you the ability to configure and use the different
operational modes of the SAR ADC on PSoC 4. You have schematic- and firmware-level support
for seamless use of the Sequencing SAR ADC in PSoC Creator designs and projects. You also
have the ability to configure up to sixteen analog channels (depending on the device) that are
automatically scanned with the results placed in individual result registers. An optional “Injection
channel” may also be enabled by firmware to occasionally scan a signal that does not need to be
scanned at the same rate as other channels.

When to Use a Sequencing SAR ADC

The Sequencing SAR ADC is the component used to access the ADC functionality in PSoC 4.
The sequencing and muxing capabilities are integral parts of the SAR hardware. The component
can be used in high sample rate systems where you need to sample multiple channels without
CPU intervention until all channels are sampled. It can also be used in low sample rate designs
or in designs that have just a single channel to sample.

Cypress Semiconductor Corporation « 198 Champion Court + San Jose, CA 95134-1709 < 408-943-2600
Document Number: 002-11129 Rev. *B Revised September 8, 2016



PSoC 4 Sequencing Successive Approximation ADC PSoC® Creator™ Component Datasheet

Input/Output Connections

This section describes the various input and output connections for the Sequencing SAR ADC.
An asterisk (*) in the list of I/Os states that the 1/0O may be hidden on the symbol under the
conditions listed in the description of that 1/0.

ADC_SAR Seq 1

ADC SAR Seq
Hsoc sdoneft]
~Daclk eocf-
=0
A1
| 12
e * AR
T Ha 12-bit
1 Hs
| HINJ
“[Vneg

+Input — Analog

This input is the positive analog signal input to the ADC SAR Seq. The conversion result is a
function of the +Input signal minus the voltage reference. The voltage reference is either the
—Input signal, Vneg, Vref, or Vss.

There are always the same number of analog signal input terminals as there are sequenced
channels selected, including the injection channel.

Analog inputs are low impedance. This is solely driven by the need to settle the bus within the
short sampling aperture of the Sequencing SAR ADC. Use the operational amplifier as a buffer
for the high impedance signals.

—Input — Analog *

The number of negative input terminals varies depending on the number of channels and how
many single ended channels are present. When a channel is selected as single ended, all the
negative input signals are combined to form a single net internally.

Vneg — Analog *

This is a common negative input reference. This terminal is present only if one or more analog
channels are defined as a single ended input and Single ended negative input parameter is set
to External.
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PSoC 4 Sequencing Successive Approximation ADC

Component Parameters
Drag a Sequencing SAR ADC onto your design and double click it to open the Configure dialog.

General Tab

Configure 'ADC_SAR_SEQ P4"

PSoC® Creator™ Component Datasheet

Name:  |ADC_SAR_Seq_1

General }/Channels }/’Built—in ]

r— Timing

¥ Channel sample rate (SPS): |1EEEEE E:I

[13839 - 250000] SPS

Single ended negative input: Veg -
Differertial mode range: Vin +/-1.024 V

Single ended mode range:

" Clock frequency (kHz): 12000000 = (1000 - 18000] kHz
Actual sample rate per channel: 16EEEE SPS
Actual clock frequency: 12000 kHz

 Input range
Wref select: I Intemal 1.024 volts, bypassed j
Wref value (V): 1.024

0.0to Vref (1.024 V)

— Interrupt limits

Lowy limit. (hex):

o =

High limit {res): I?FF 3:

Compare mode:

IResuh < Low_Limit

=

21x]
q B
Clock source Sample mode
{* Intemal ¢ Free running
" Extemal " Hardware trigger
— Result data format

Differential resutt format:
Single ended result format: Im
Data format justification:
Samples averaged:
Altemate resolution (bits):

Aweraging mode:

ISigned 'I
IRjgh't "I

—
I jv

8

Ileed Resolution 'I

Datasheet |

o |

| Cancel

4

The Sequencing SAR ADC has the following parameters. The option shown in bold is the

default.

Sample rate

When selected, the clock rate is automatically calculated based on the number of channels,
averaging, resolution, and acquisition time parameters to meet the entered sample rate.

Page 4 of 35
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PSoC® Creator™ Component Datasheet PSoC 4 Sequencing Successive Approximation ADC

Clock frequency

When selected, enter the desired clock rate. This parameter only applies when an internal clock
source is selected. The clock frequency can be anywhere between 1 MHz and 18 MHz

(14.508 MHz in CY8C41). If the clock does not fall within these limits, PSoC Creator generates
an error during the build process. The actual clock rate may differ based on the available source
clock speed and the resulting clock, based on an integer divide of the source clock. The read-
only field below this field displays the effective sample rate based on the generated nominal
clock frequency taken from the Design-Wide Resources (DWR) Clock Editor.

If the sample rate is fixed, the following parameters will alter the ADC clock frequency parameter:
®  Sequenced Channels
®  Averaging Enabled ("AVG" check box per channel, averaged samples)
®  Acquisition Time

B Alternate resolution

At high sample rates, the ADC can generate large amounts of data. The CPU clock will need to
be running fast enough to process the data and the interrupt service routine overhead will need
to be minimized. For example, at a conversion rate of 700,000 samples per second and a CPU
clock rate of 48 MHz, there are only 48 MHz/700,000 sps = 68 CPU clock cycles per sample.
See the Interrupt Service Routine section for guidance on optimizing an ISR.

Actual sample rate

This field displays an actual recalculated sample rate based on the generated nominal clock
frequency taken from the DWR Clock Editor. The actual sample rate may differ from “Sample
rate” field. This is a read-only field.

Actual clock frequency

This field displays an actual calculated clock frequency rate based on the generated nominal
clock frequency taken from the DWR Clock Editor. The actual clock frequency may differ from
the Clock frequency field. This value is based on the available source clock speed and the
resulting clock, based on an integer divide of the source clock. This is a read-only field.

Clock source

This parameter allows you to select a clock that is internal to the component or a clock source
outside the component.

Sample mode

Sample mode determines if each scan must be triggered by the SOC terminal or continuously
runs after the ADC is enabled and continues until the ADC_StopConvert() APl is called.

CYPRESS

Embedded in Tomarrow™
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Sample Mode Description
Free Running ADC SAR Seq runs continuously.
Hardware trigger A rising-edge pulse on the SOC pin starts a single conversion. The
ADC_StartConvert() function also starts a single conversion.
Vref select
The Vref Select parameter selects the reference voltage that is used for the SAR ADC.
Allowed Clock
Reference Frequency (MHz) Description
VDDA/2 1~1.6 MHz Uses the internal reference without a bypass capacitor.
Internal 1.024 volts
VDDA 1~9MHz Uses the internal VDDA reference without a bypass capacitor.
Internal 1.024 volts, 1~18 MHz Uses the internal reference with a bypass capacitor. You must
bypassed place a bypass capacitor on pin P1[7] or the dedicated Vref
VDDA/2, bypassed pin (depending on the device). (12
External Vref 1~18 MHz Uses an external reference on pin P1[7] or the dedicated Vref
pin (depending on device). 2
Internal Vref 1~18 MHz These options are supported by PSoC 4100S devices only.
Internal Vref, bypassed

The 1.024 V internal Vref startup time varies with different bypass capacitors. This table lists two
common values for the bypass capacitor and its startup time specification.

Internal Vref Startup Time Maximum Specification

Startup time for reference with external capacitor (1 puF) 2ms

Startup time for reference with external capacitor (100 nF) | 200 us

Note If “non bypassed” mode is selected, the Acquisition times setting will change from 4 to
minimum value (2) to try to achieve clock frequency ranges.

Note The ADC component parameter “Vref select” is set to “Internal 1.024 volts” by default. The
PSoC 4100S device family has a voltage reference equal to 1.2 volts, and the “Internal 1.024
volts” setting is not supported. Therefore, for the PSoC 4100S device family, you must set this
parameter to “Internal Vref” instead. If you don’t change the parameter value, PSoC Creator will

1 The use of an external bypass capacitor is recommended if the internal noise caused by digital switching exceeds
an application's analog performance requirements. To use this option, connect an external capacitor with a value
between 0.01 pF and 10 pF to port pin P1[7] or the dedicated Vref pin (depending on the device).

2 Refer to the Pinouts section of the device datasheet for more information.

Embedded in Tomarrow ™
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display the following build error: “Error in component: ADC. The selected type of voltage
reference is not supported for the current device type.”

Vref value

This parameter displays the reference voltage value that is used for the SAR ADC reference. If
the internal reference is selected with the Vref select parameter, this becomes a fixed value. If
an internal reference such as VDDA or VDDA/2 is selected, the value is derived from the DWR
System Editor Vdda parameter. In cases when Vref is unknown, such as using an external
reference (external to the PSoC or component), the value may be entered by the user.

Single ended negative input

This parameter selects where the negative input to the SAR ADC is connected if any channels
are configured for single ended operation. This choice affects the voltage range and effective
resolution. The analog signals connected to the PSoC must be between Vssa and Vbpa
regardless of the input range settings.

Negative input Description

Vss Input range is 0.0 to Vref, effective resolution will be one bit less than selected in
the customizer.

Vref Input range is 0.0 to Vref*2. When using the internal reference (1.024 V), the
usable input range is 0.0 to 2.048 V.

External This mode is configured for differential inputs. Connect common single ended
negative input to Vneg terminal. When using the internal reference (1.024 V), the
input range is Vneg + 1.024 V.

For example, if Vneg is connected to 2.048 V, the usable input range is 2.048 +
1.024 V or 1.024 to 3.072 V. For systems in which both single-ended and
differential signals are scanned, connect Vneg to Vssa when scanning a single-
ended input.

You can use an external reference to provide a wider operating range. You can
calculate the usable input range with the same equation, Vneg + Vref.

Differential mode range

This is a noneditable text box that shows the range for the differential mode inputs. It is based on
the Vref select and Vref value parameters. Examples of this text box are (Vn +/- 1.024 V,
Vn +/- Vdda/2, Vn +/- Vdda, etc).

Single ended mode range

This is a noneditable text box that shows the range for the single ended mode inputs. It is based
on the Vref select, Vref value and Single ended negative input parameters. Examples of this
text box are (0.0 to Vref (1.024V), 0.0 to Vref (2.048 V), 0.0 to Vref (5 V), etc).
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Differential result format

This parameter determines whether or not the result from a differential measurement is Signed
or Unsigned. This is a global setting for all differential channels.

Single ended result format

This parameter determines whether or not the result from a single ended measurement is
Signed or Unsigned. This is a global setting for all single ended channels.

The following table shows how these parameters affect conversion of the input voltage to the 12
bit digital sample value.

Single / Signed / Single ended -Input +Input Result Register
Differential Unsigned negative input
Single Signed Vss Vss Vref O0x07FF
Vss 0x0000
-noise OxFFxx
Single Signed External Vneg Vneg+Vref Ox07FF
Vneg 0x0000
Vneg-Vref 0xF800
Single Unsigned Vref Vref 2*Vref OxOFFF
Vref 0x0800
Vss 0x0000
Single Signed Vref Vref 2*Vref OxO07FF
Vref 0x0000
Vss 0xF800
Differential Unsigned N/A VX Vx+Vref OXOFFF
VX 0x0800
Vx-Vref 0x0000
Differential Signed N/A VX Vx+Vref Ox07FF
VX 0x0000
Vx-Vref 0xF800

For single-ended conversions with the Single ended negative input parameter set to Vss, the
conversion is effectively 11-bit, because voltages below Vss are illegal on any PSoC 4 pin.
Because of this, the “Unsigned” option of the Single ended result format parameter is not
available. Noise on the +Input pin with a level slightly below internal Vss, produces a result that
IS negative.

Note that single-ended conversions with an external common alternate ground are electrically
equivalent to differential mode, where the pin of each differential pair is connected to the
common alternate ground. Assuming that the measured signal value (+Input) cannot go below
that common alternate ground, then these conversions are also effectively 11-bit.
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Data Format Justification

This parameter sets whether or not the output data is Left or Right justified in a 16-bit word. For
signed values, the result is signed extended when in right justification mode. This is a global
setting for all channels. This table shows all the details.

Justification Signed / | Resolution Result register bits ( “0” — LSB, “-” —null )
Unsigned
15(14 (13|12 |11 | 10| 9 8 7 6 5 4 3 2 1 0

Right Unsigned 12 - - - - (11212019 | 8| 76|54 3|2 1({0

10 - - - - - -|19(8|7|6|5]|4[3]|]2]1(0

8 - - - - 7 6 5 4 3 2 1 0
Right Signed 12 11 )11 (1112|1110 9 8 7 6 5 4 3 2 1 0

10 9 9 9 9 9 8 7 6 5 4 3 2 1 0

8 7 7 7 7 7 7 7 6 5 4 3 2 1 0
Left N/A 12 11 (10 (| 9 8 7 6 5 4 3 2 1 0

10 9 7|16 |5|4(3|2]11(0

8 716|543 ]2]1]0]| - -

Samples averaged

This parameter sets the averaging rate for any channel with the averaging option enabled. This
is a global setting for all channels with averaging enabled. Default value is 2.

Alternate Resolution

This parameter sets the alternate ADC resolution to either 8 or 10 bits. Conversions for each
input are selectable as either 12 bits or this alternate resolution.

Averaging Mode

This parameter sets how the averaging mode operates. If the accumulate option is selected,
each ADC result is added to the sum and allowed to grow until the sum attempts to outgrow a 16
bit value, at which point it is truncated. If the Fixed Resolution mode is selected, the LSb is
truncated so that the value does not grow beyond the maximum value for the given resolution.

Compare Mode

The Sequencing SAR ADC supports range detection to allow for the automatic detection of
sample values compared to two programmable thresholds without CPU involvement. A range
detect is defined by two global thresholds and a condition.

This parameter sets the condition under which a limit condition will occur and trigger a maskable
range detect interrupt.
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Compare Mode Description
Result < Low Limit Below range
Low Limit <= Result < High Limit Inside range
High Limit <= Result Above range
(Result < Low Limit) or (High Limit <= Result) Outside range

Low Limit
This parameter sets the low threshold for a limit compare. Default value is O.

High Limit
This parameter sets the high threshold for a limit compare. Default value is OX7FF.

A range detect is done after averaging, alignment, and sign extension (if applicable). In other
words, the thresholds values must have the same data format as the final conversion result.

Channels Tab

Mame:  [ADC_SAR_Seq_1
General)/Channels I/Built-in ] 4 I
— Acquisition times (ADC clocks)
Aclkes: |4 3: 25167 ns
B clks: |4 3: 25167 ns
C clks: |4 3: 25167 ns
D clks: |4 3: 29167 ns
Sequenced channels: IG
Channel | Enable | Resoluti Mod AVG | Acqti e e
r= gyl ane SOILIon ode g time: time detect LIFSTIon
“ P |12 || i = T olAcks =] 15w r r
1 P |12 || i = T olAcks =] 15w r r
P |12 || i = T olAcks =] 15w r r
P |12 || i = T olAcks =] 15w r r
INJ r |2 || i = T olAcks =] 15w r r
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Acquisition times

This parameter sets up to four different acquisition times to configure individual channels,
entered in ADC clocks. The field to the right of each selection shows the actual delay given the
current clock rate. The displayed time is equal to (Ncik - 0.5)*(1/Fck), where Ncik is the number of
acquisition ADC clocks, and Fci is the clock frequency. If the clock is changed for any reason
(refer to Clock frequency section for details), the time displayed changes as well. The default is 4
clock periods and adjustable from 2 to 1023 clock periods.

Sequenced channels

This parameter selects how many input signals are scanned, not counting the injection channel.
The maximum number of channels is either 8 or 16 depending on the device. It depends also on
mode (differential or single ended) and available resources outside of the SAR. The minimum
number of channels is always 1.

A set of entries is available for each parameter. The actual number of entries depends on the
Sequenced channels parameter. The injection channel INJ parameter is always present. If the
injection channel is not enabled, it does not appear on the symbol. The symbol shows as many
channels as are selected by the Sequenced channel parameter even if the channel is not
enabled, except for the injection channel.

Enable

For channels 0 to 7(15), it enables the channel for scanning during runtime. For the injection
channel, it determines whether or not the symbol displays the input.

Resolution

This parameter selects either 12 bits or an alternative (ALT) resolution of 8 or 10 bits depending
on the Alternate resolution parameter.

Mode
This parameter selects the input mode to the ADC as either differential or single ended.

AVG

This option selects whether or not the channel is averaged. When selected, the SAR sequencer
stays on the channel and takes N readings, then adds the results together. The number of
samples taken is determined by the Samples averaged parameter. Averaging is available only
for the maximum Resolution selected in a particular channel. Select ALT resolution for all
channels to allow averaging on fewer than 12 bits resolution. Averaging is always right-aligned;
therefore, the Data Format Justification parameter is ignored.
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Acq Time

This parameter selects the acquisition time (sample and hold) during which the SAR input
settles. The time is based on the SAR ADC clocks periods. These Acquisition times
parameters are labeled A, B, C, and D.

Limit detect

This option allows you to enable an interrupt if any of the channels 0 through 7(15) or the
injection channel trigger the limit criteria set by the Low limit or High limit and the Compare
mode parameter.

Saturation

This option allows you to enable an interrupt from any channel where the result is saturated from
either a conversion result of 0x0000 or the highest value for the given resolution.

Application Programming Interface

Application Programming Interface (API) routines allow you to configure the component using
software. This table lists and describes the interface to each function. The following sections
cover each function in more detail.

By default, PSoC Creator assigns the instance name "ADC_SAR_Seq_1" to the first instance of
a component in a given design. You can rename it to any unique value that follows the syntactic
rules for identifiers. The instance name becomes the prefix of every global function name,
variable, and constant symbol. For readability, the instance name used in the following table is
"ADC".

Note Do not use the ADC_Stop() API to halt conversions. Instead use the ADC_StopConvert()
API. If you use the ADC_Stop() API to halt conversions then later use the ADC_Start() and
ADC_StartConvert() APIs to resume conversions, the first channel of the scan may be corrupt.
The StopConvert() API will enable the Sequencing SAR ADC to complete the current scan of
channels. After the channel scan is complete, the Sequencing SAR ADC will stop all
conversions, which can be detected by the use of an ISR or the ADC_IsEndConversion() flag.

Functions
Function Description
ADC_Start() Performs all required initialization for this component and enables the power. The
power will be set to the appropriate power based on the clock frequency.
ADC_Stop() This function stops ADC conversions and puts the ADC into its lowest power mode.
ADC_ StartConvert() For free running mode, this API starts the conversion process and it runs
continuously. In a triggered mode, this routine triggers every conversion.

=
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Function

Description

ADC_StopConvert()

Forces the ADC to stop conversions. If a conversion is currently executing, that
conversion will complete, but no further conversions will occur.

ADC_IRQ_Enable()

Enables interrupts to occur at the end of a conversion. Global interrupts must also
be enabled for the ADC interrupts to occur.

ADC_IRQ_Disable()

Disables interrupts at the end of a conversion.

ADC_IsEndConversion()

Immediately returns the status of the conversion or does not return (blocking) until
the conversion completes, depending on the retMode parameter.

ADC_GetResult16()

Gets the data available in the SAR result register.

ADC_SetChanMask()

Sets the channel enable mask. Sets which channels that will be scanned.

ADC_Enablelnjection()

Enables the injection channel for the next scan only.

ADC_SetLowLimit()

This parameter sets the low limit for a limit compare.

ADC_SetHighLimit()

This parameter sets the high limit for a limit compare.

ADC_SetLimitMask()

Sets which channels may cause a limit condition interrupt.

ADC_SetSatMask()

Sets which channels may cause a saturation event interrupt.

ADC_SetOffset()

Sets the offset of the ADC channel.

ADC_SetGain()

Sets the gain in counts per 10 volt for the ADC channel.

ADC_CountsTo_Volts()

Converts the ADC output to volts as a floating point number.

ADC_CountsTo_mVolts()

Converts the ADC output to millivolts.

ADC_CountsTo_uVolts()

Converts the ADC output to microvolts.

ADC_Sleep()

Stops the ADC operation and saves the configuration registers and component
enable state.

ADC_Wakeup()

Restores the component enable state and configuration registers.

ADC_SaveConfig()

Save the current configuration of ADC non-retention registers.

ADC_RestoreConfig()

Restores the configuration of ADC non-retention registers.

PSoC 4 Sequencing Successive Approximation ADC

void ADC _ Start(void)

Description: Performs all required initialization for this component and enables the power. The power will
be set to the appropriate power based on the clock frequency.
Parameters: None

Return Value: None

Side Effects: None

Embedded in Tomarrow™
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void ADC_Stop(void)

Description:
Parameters:
Return Value:

Side Effects:

This function stops ADC conversions and puts the ADC into its lowest power mode.
None
None

Don’t use the Stop() API to halt conversions. Instead use the StopConvert() API. If you use
the Stop() API to halt conversions then later use the ADC_Start() and ADC_StartConvert()
APIs to resume conversions, the first channel of the scan may be corrupt. The StopConvert()
API will enable the Sequencing SAR ADC to complete the current scan of channels. After
the channel scan is complete, the Sequencing SAR ADC will stop all conversions, which can
be detected by the use of an ISR or the ADC_IsEndConversion() flag.

void ADC_StartConvert(void)

Description:

Parameters:
Return Value:

Side Effects:

For free running mode, this API starts the conversion process and it runs continuously.

In Hardware trigger mode, the function also acts as a software version of the SOC and
every conversion requires a call of this function.

None
None

None

void ADC_StopConvert(void)

Description:

Parameters:
Return Value:

Side Effects:

Forces the ADC to stop conversions. If a conversion is currently executing, that conversion
will complete, but no further conversions will occur.

None
None

None

void ADC_IRQ_Enable(void)

Description:

Parameters:
Return Value:

Side Effects:

Page 14 of 35

Enables interrupts to occur at the end of a conversion. Global interrupts must also be
enabled for the ADC interrupts to occur.

None
None

None
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void ADC_IRQ_Disable(void)
Description: Disables end of conversion interrupts.
Parameters: None
Return Value: None

Side Effects: None

uint32 ADC_IsEndConversion(uint32 retMode)

Description:  Immediately returns the status of the conversion or does not return (blocking) until the
conversion completes, depending on the retMode parameter.

Parameters:  retMode: Check conversion return mode. See the following table for options.

Options Description

ADC_RETURN_STATUS Immediately returns the conversion status for sequential
channels. If the value returned is zero, the conversion is not
complete, and this function should be retried until a nonzero
result is returned.

ADC_WAIT_FOR_RESULT Does not return a result until the ADC conversion of all
sequential channels is complete.

ADC_RETURN_STATUS INJ Immediately returns the conversion status for the injection
channel. If the value returned is zero, the conversion is not
complete, and this function should be retried until a nonzero
result is returned.

ADC_WAIT_FOR_RESULT_INJ | Does not return a result until the ADC completes injection
channel conversion.

Return Value: uint8: If a nonzero value is returned, the last conversion is complete. If the returned value is
zero, the ADC is still calculating the last result.

Side Effects: This function reads the end of conversion status, and clears it afterward.

int16 ADC_GetResult16(uint32 chan)
Description: Gets the data available in the channel result data register.

Parameters: chan: The ADC channel to read the result from. The first channel is 0 and the injection
channel if enabled is the number of valid channels.

Return Value: Returns converted data as a signed 16-bit integer

Side Effects: None.

Embedded in Tomarrow™
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void ADC_SetChanMask(uint32 mask)
Description: Sets the channel enable mask.

Parameters: mask: Sets which channels that will be scanned. Setting bits for channels that do not exist
will have no effect. For example, if only 6 channels were enabled, setting a mask of 0x0103
would only enable the last two channels (0 and 1). This API will not enable the injection
channel.

Return Value: None

Side Effects: None

void ADC_Enablelnjection(void)
Description: Enables the injection channel for the next scan only.
Parameters: None
Return Value: None

Side Effects: None

void ADC_SetLowLimit(uint32 lowLimit)
Description: Sets the low limit parameter for a limit condition.
Parameters: lowLimit: The low limit for a limit condition.
Return Value: None

Side Effects: None

void ADC_SetHighLimit(uint32 highLimit)
Description: Sets the high limit parameter for a limit condition.
Parameters: highLimit: The high limit for a limit condition.
Return Value: None

Side Effects: None
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void ADC_SetLimitMask(uint32 mask)
Description: Sets the channel limit condition mask.

Parameters: mask: Sets which channels that may cause a limit condition interrupt. Setting bits for
channels that do not exist will have no effect. For example, if only 6 channels were enabled,
setting a mask of 0x0103 would only enable the last two channels (0 and 1).

Return Value: None

Side Effects: None

void ADC_SetSatMask(uint32 mask)
Description: Sets the channel saturation event mask.

Parameters: mask: Sets which channels that may cause a saturation event interrupt. Setting bits for
channels that do not exist will have no effect. For example, if only 8 channels were enabled,
setting a mask of 0x01CO would only enable two channels (6 and 7).

Return Value: None

Side Effects: None

void ADC_SetOffset(uint32 chan, int16 offset)

Description: Sets the ADC offset which is used by the functions ADC_CountsTo_uVolts,
ADC_CountsTo_mVolts and ADC_CountsTo_Volts to subtract the offset from the given
reading before calculating the voltage conversion.

Parameters: chan: ADC channel number.

offset: This value is a measured value when the inputs are shorted or connected to the
same input voltage.

Return Value: None

Side Effects: None.

void ADC_SetGain(uint32 chan, int32 adcGain)

Description:  Sets the ADC gain in counts per 10 volt for the voltage conversion functions below.
This value is set by default by the reference and input range settings. It should only
be used to further calibrate the ADC with a known input or if an external reference is
used. Affects the ADC_CountsTo_uVolts, ADC_CountsTo_mVolts and
ADC_CountsTo_Volts functions by supplying the correct conversion between ADC
counts and voltage.

Parameters:  chan: ADC channel number.
adcGain: ADC gain in counts per 10 volt.

Return Value: None

Side Effects: None.

>
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float32 ADC_CountsTo_Volts(uint32 chan, int16 adcCounts)

Description:

Parameters:

Return Value:

Side Effects:

Converts the ADC output to Volts as a floating point number. For example, if the ADC
measured 0.534 volts, the return value would be 0.534. The calculation of voltage depends
on the value of the voltage reference. When the Vref is based on Vdda, the value used for
Vdda is set for the project in the System tab of the DWR.

chan: ADC channel number.
adcCounts: Result from the ADC conversion

Result in Volts

None

int16 ADC_CountsTo_mVolts(uint32 chan, int16 adcCounts)

Description:

Parameters:

Return Value:

Side Effects:

Converts the ADC output to millivolts as a 16-bit integer. For example, if the ADC measured
0.534 volts, the return value would be 534. The calculation of voltage depends on the value
of the voltage reference. When the Vref is based on Vdda, the value used for Vdda is set for
the project in the System tab of the DWR.

chan: ADC channel number.
adcCounts: Result from the ADC conversion.

Result in mV.

None

int32 ADC_CountsTo_uVolts(uint32 chan, int16 adcCounts)

Description:

Parameters:

Return Value:

Side Effects:

Page 18 of 35

Converts the ADC output to microvolts as a 32-bit integer. For example, if the ADC
measured 0.534 volts, the return value would be 534000. The calculation of voltage
depends on the value of the voltage reference. When the Vref is based on Vdda, the value
used for Vdda is set for the project in the System tab of the DWR.

chan: ADC channel number.
adcCounts: Result from the ADC conversion

Result in pVv

None
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void ADC_Sleep(void)

Description: This is the preferred routine to prepare the component for sleep. The ADC_Sleep()
routine saves the current component state. Then it calls the ADC_Stop() function and
calls ADC_SaveConfig() to save the hardware configuration.

Call the ADC_Sleep() function before calling the CySysPmDeepSleep() or the
CySysPmHibernate() function. See the PSoC Creator System Reference Guide for more
information about power-management functions.

Parameters: None
Return Value: None
Side Effects: If this function is called twice in the enable state of the component, the disabled state of

the component will be stored. So ADC_Enable() and ADC_StartConvert() must be called
after ADC_Wakeup() in this case.

void ADC_Wakeup(void)

Description: This is the preferred routine to restore the component to the state when ADC_Sleep() was
called. The ADC_Wakeup() function calls the ADC_RestoreConfig() function to restore the
configuration. If the component was enabled before the ADC_Sleep() function was called,
the ADC_Wakeup() function also re-enables the component.

Parameters: None

Return Value: None

Side Effects: Calling this function without previously calling ADC_Sleep() may lead to unpredictable
results.

void ADC_SaveConfig(void)

Description: This function saves the component configuration and nonretention registers. It also saves
the current component parameter values, as defined in the Configure dialog or as modified
by the appropriate APIs. This function is called by the ADC_Sleep() function.

Parameters: None

Return Value: None

Side Effects: All ADC configuration registers are retained. This function does not have an
implementation and is meant for future use. It is provided here so that the APIs are
consistent across components.

>
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void ADC_RestoreConfig(void)

Description: This function restores the component configuration and nonretention registers. It also
restores the component parameter values to what they were before calling the
ADC_Sleep() function.

Parameters: None
Return Value: None

Side Effects: Calling this function without previously calling ADC_SaveConfig() or ADC_Sleep() may
produce unexpected behavior. This function does not have an implementation and is meant
for future use. It is provided here so that the APIs are consistent across components.

Global Variables

Function Description

ADC _initvar The initVar variable is used to indicate initial configuration of this component. The
variable is initialized to zero and set to 1 the first time ADC_Start() is called. This
allows for component initialization without reinitialization in all subsequent calls to the
ADC_ Start() routine.

If reinitialization of the component is required, then the ADC_Init() function can be
called before the ADC_Start() or ADC_Enable() functions.

ADC_ offset[] This array calibrates the offset for each channel. It is set to O the first time
ADC_Start() is called and can be modified using ADC_SetOffset(). The array affects
the ADC_CountsTo_Volts(), ADC_CountsTo_mVolts(), and ADC_CountsTo_uVolts()
functions by subtracting the given offset.

ADC_countsPer10Volt[] This array is used to calibrate the gain for each channel. It is calculated the first time
ADC_Start() is called. The value depends on channel resolution and voltage
reference. It can be changed using ADC_SetGain().

This array affects the ADC_CountsTo_Volts(), ADC_CountsTo_mVolts(), and
ADC_CountsTo_uVolts() functions by supplying the correct conversion between ADC
counts and the applied input voltage.

Usable Constants

Function Description

ADC_SEQUENCED_CHANNELS_NUM | This constant represents the amount of input sequencing channels
available for scanning.

ADC_TOTAL_CHANNELS_NUM This constant represents the total number of input channels including
the injection channel.
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Block Diagram
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Note The component has a DMA bus interface that supports 32-bit (word) transfers only. If the
data element size used for DMA transfer is less than a word, set the DMA descriptor with the
correct width; for example, data element size is halfword (2 bytes). The component register is
used as Source; make sure the DMA descriptor is configured as "Word to Halfword."

Registers

Channel result data registers

This 32-bit register contains 16-bit ADC results from channel 0 along with 3 status bits that
describe the results correctness.

ADC_SAR_CHAN_RESULT_REG

Bits Name Description

15:0 |Data SAR conversion result of the first channel. The data is copied here
from the work field after all enabled channels in this scan have
been sampled.

29 ADC_SATURATE_INTR_MIR Mirror bit of corresponding bit in
ADC_SAR_SATURATE_INTR_REG register

30 ADC_RANGE_INTR_MIR Mirror bit of corresponding bit in ADC_SAR_RANGE_INTR_REG
register

31 ADC_CHAN_RESULT_VALID_MIR | Mirror bit of corresponding bit in
ADC_SAR_CHAN_RESULT_VALID_REG register

Result registers for the remaining channels are located sequentially in the memory. Direct
defines for each channel are provided: ADC_SAR_CHANX_ RESULT_REG, were X is the
channel number from 0 to 7(15).

ADC_SAR_INJ_RESULT REG

Bits Name Description

15.0 |Data SAR conversion result of the injection channel.

28 ADC_INJ_COLLISION_INTR_MIR Mirror bit of corresponding bit in ADC_SAR_INTR_REG register

29 ADC_INJ_SATURATE_INTR_MIR Mirror bit of corresponding bit in ADC_SAR_INTR_REG register

30 ADC_INJ_RANGE_INTR_MIR Mirror bit of corresponding bit in ADC_SAR_INTR_REG register

31 ADC_INJ_EOC_INTR_MIR Mirror bit of corresponding bit in ADC_SAR_INTR_REG register
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MICROCHIP

MCP73831/2

Miniature Single-Cell, Fully Integrated Li-lon,
Li-Polymer Charge Management Controllers

Features:

* Linear Charge Management Controller:
- Integrated Pass Transistor
- Integrated Current Sense
- Reverse Discharge Protection
» High Accuracy Preset Voltage Regulation: + 0.75%
» Four Voltage Regulation Options:
- 4.20V, 4.35V, 4.40V, 4.50V
* Programmable Charge Current: 15 mA to 500 mA
+ Selectable Preconditioning:
- 10%, 20%, 40%, or Disable
» Selectable End-of-Charge Control:
- 5%, 7.5%, 10%, or 20%
» Charge Status Output
- Tri-State Output - MCP73831
- Open-Drain Output - MCP73832
» Automatic Power-Down
* Thermal Regulation
» Temperature Range: -40°C to +85°C

» Packaging:

- 8-Lead, 2 mm x 3 mm DFN
- 5-Lead, SOT-23

Applications:

* Lithium-lon/Lithium-Polymer Battery Chargers
» Personal Data Assistants
* Cellular Telephones

+ Digital Cameras

* MP3 Players

* Bluetooth Headsets

» USB Chargers

Typical Application
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4.7 yF

T

4700

4

Voo  Vaar

PROG

STAT Vss

MCP73831

500 mA Li-lon Battery Charger

3

I + Single

47 uF Cilon
L T cell
5
2kQ
2

Description:

The MCP73831/2 devices are highly advanced linear
charge management controllers for use in space-
limited, cost-sensitive applications. The MCP73831/2
are available in an 8-Lead, 2 mm x 3 mm DFN package
or a 5-Lead, SOT-23 package. Along with their small
physical size, the low number of external components
required make the MCP73831/2 ideally suited for
portable applications. For applications charging from a
USB port, the MCP73831/2 adhere to all the
specifications governing the USB power bus.

The MCP73831/2 employ a constant-current/constant-
voltage charge algorithm with selectable
preconditioning and charge termination. The constant
voltage regulation is fixed with four available options:
4.20V, 4.35V, 4.40V or 4.50V, to accommodate new,
emerging battery charging requirements. The constant
current value is set with one external resistor. The
MCP73831/2 devices limit the charge current based on
die temperature during high power or high ambient
conditions. This thermal regulation optimizes the
charge cycle time while maintaining device reliability.

Several options are available for the preconditioning
threshold, preconditioning current value, charge
termination value and automatic recharge threshold.
The preconditioning value and charge termination
value are set as a ratio or percentage of the
programmed constant current value. Preconditioning
can be disabled. Refer to Section 1.0 “Electrical
Characteristics” for available options and the
Product Identification System for standard options.

The MCP73831/2 devices are fully specified over the
ambient temperature range of -40°C to +85°C.

Package Types

MCP73831/2 MCP73831/2
2x3 DFN* SOT-23-5

— — N\
Vppl1:© .. .. 8|PROG STAT[1] [5]PROG
Vop|2! EP '17[NC Vss[2|
Vear[31) ® 1i6|vss  Vewr(3] 41Vop
Vear|4: =" " i5]STAT

* Includes Exposed Thermal Pad (EP); see Table 3-1.

© 2005-2014 Microchip Technology Inc.
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Functional Block Diagram
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MCP73831/2

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratingst

VDD v e emee et et e 7.0V
All Inputs and Outputs w.r.t. Vgg ............... -0.3 to (Vpp+0.3)V
Maximum Junction Temperature, T ............ Internally Limited
Storage temperature ..........cccoociiiiiiiiinieee -65°C to +150°C

ESD protection on all pins:
Human Body Model (1.5 kQ in Series with 100 pF)....... >4 kV
Machine Model (200 pF, No Series Resistance)............. 400V

DC CHARACTERISTICS

1 Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operational listings of this specification
is not implied. Exposure to maximum rating conditions
for extended periods may affect device reliability.

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(typical) + 0.3V] to 6V, Tp = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vgeg (typical) + 1.0V]
Parameters ‘ Sym Min Typ. Max. ‘ Units ‘ Conditions
Supply Input
Supply Voltage Vpp 3.75 — 6 \%
Supply Current Iss — 510 1500 WA | Charging
— 53 200 WA | Charge Complete,
No Battery
— 25 50 WA | PROG Floating
— 1 HA | Vpp < (Vgar - 50 mV)
— 0.1 MA | Vpp < Vsrop
UVLO Start Threshold VsTaART 3.3 3.45 3.6 V | Vpp Low-to-High
UVLO Stop Threshold Vstop 3.2 3.38 35 V | Vpp High-to-Low
UVLO Hysteresis Vhys — 70 — mV
Voltage Regulation (Constant-Voltage Mode)
Regulated Output Voltage VREG 4.168 4.20 4.232 \Y MCP7383X-2
4317 4.35 4.383 V | MCP7383X-3
4.367 4.40 4433 V | MCP7383X-4
4.466 4.50 4.534 V | MCP7383X-5
Vob = [Vrea(typical)+1V]
loyt =10 mA
Tp =-5°C to +55°C
Line Regulation [(AVat/ — 0.09 0.30 %IV | Vpp = [Vrea(typical)+1V] to
VeaT)/AVpp| 6V, loyt =10 mA
Load Regulation |AVBaT/VBATI — 0.05 0.30 % |loyt =10 mAto 50 mA
Vb = [VReg(typical)+1V]
Supply Ripple Attenuation PSRR — 52 — dB |loyt=10 mA, 10Hz to 1 kHz
— 47 — dB | loyt=10 mA, 10Hz to 10 kHz
— 22 — dB |loyt=10 mA, 10Hz to 1 MHz
Current Regulation (Fast Charge Constant-Current Mode)
Fast Charge Current IREG 90 100 110 mA | PROG =10 kQ
Regulation 450 505 550 mA |PROG = 2.0 k, Note 1
12.5 14.5 16.5 mA | PROG =67 kQ
Tp =-5°C to +55°C
Note 1: Not production tested. Ensured by design.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(typical) + 0.3V] to 6V, T = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vggg (typical) + 1.0V]

Parameters ‘ Sym. ‘ Min. ‘ Typ. Max. ‘ Units ‘ Conditions
Preconditioning Current Regulation (Trickle Charge Constant-Current Mode)
Precondition Current lpreG ! IREG 7.5 10 12.5 % | PROG =2.0 kQto 10 kQ
Ratio 15 20 25 % |PROG =2.0kQto 10 kQ
30 40 50 % | PROG =2.0 kQto 10 kQ
— 100 — % | No Preconditioning
Tp =-5°C to +55°C
Precondition Voltage Vpth / VREG 64 66.5 69 % | Vgar Low-to-High
Threshold Ratio 69 715 74 % | Vgar Low-to-High
Precondition Hysteresis Vpuys — 110 — mV | Vgat High-to-Low
Charge Termination
Charge Termination Iterm / IreG 3.75 5 6.25 % |PROG =2.0kQto 10 kQ
Current Ratio 5.6 75 9.4 % |PROG =2.0kQto 10 kQ
8.5 10 11.5 % | PROG =2.0 kQto 10 kQ
15 20 25 % | PROG =2.0 kQto 10 kQ

Tp =-5°C to +55°C

Automatic Recharge

Recharge Voltage VrTH/ VREG 91.5 94.0 96.5 % | Vgar High-to-Low

Threshold Ratio 94 96.5 99 % | Vgat High-to-Low

Pass Transistor ON-Resistance

ON-Resistance Rpson — 350 — | ma [Vpp =375V, T,=105°C

Battery Detection

Battery Detection Current IgAT DET — 6 — MA | Vgar Source Current
No-Battery-Present VNo_BAT — VReG + — V| Vgar Voltage 2 Vo par for
Threshold 100 mV No Battery condition
No-Battery-Present ZNo _BAT 2 — — MQ | Vgar Impedance 2 Zyo gat
Impedance for No Battery condition,
Note 1

Battery Discharge Current
Output Reverse Leakage | IpiscHARGE — 0.15 2 MA | PROG Floating
Current — 0.25 2 WA | Vpp Floating

- 0.15 2 MA | Vbp < Vstop

— -5.5 -15 WA | Charge Complete
Status Indicator — STAT
Sink Current IsINK — — 25 mA
Low Output Voltage VoL — 0.4 1 V. |lgnk =4 mA
Source Current Isource — — 35 mA
High Output Voltage Von — Vpp-0.4 Vpp- 1 V  |lsource =4 mA (MCP73831)
Input Leakage Current Ik — 0.03 1 WA | High-Impedance
PROG Input
Charge Impedance Rproc 2 — 67 kQ
Range
Minimum Shutdown Rproc 70 — 200 kQ
Impedance

Automatic Power Down

Automatic Power Down VPDENTER VDD<(VBAT VDD<(VBAT — 3.5V< VBAT < VREG
Entry Threshold +20 mV) +50 mV) Vpp Falling

Note 1: Not production tested. Ensured by design.
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MCP73831/2

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(typical) + 0.3V] to 6V, T = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vgeg (typical) + 1.0V]

Parameters Sym. Min. Typ. Max. Units Conditions
Automatic Power Down VPDEXlT — VDD<(VBAT VDD<(VBAT 3.5V < VBAT < VREG
Exit Threshold +150 mV) +200 mV) Vpp Rising
Thermal Shutdown
Die Temperature Tsp — 150 — °C
Die Temperature TspHys — 10 — °C
Hysteresis
Note 1: Not production tested. Ensured by design.

AC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp = [Vreg (typical) + 0.3V] to 12V,
Tp =-40°C to +85°C. Typical values are at +25°C, Vpp = [Vreg (typical) + 1.0V]

Parameters Sym. Min. Typ. | Max. | Units Conditions
UVLO Start Delay tsTART — — 5 ms | Vpp Low-to-High
Constant-Current Regulation
Transition Time Out of tpeLAY — — 1 ms | Vgar < VprH to Vgar > VprH
Preconditioning
Current Rise Time Out of trisE — — 1 ms | loyt Rising to 90% of Ireg
Preconditioning
Termination Comparator tTERM 0.4 1.3 3.2 ms | Average lgyT Falling
Filter
Charge Comparator Filter tCHARGE 0.4 1.3 3.2 ms |Average Vgar
Status Indicator
Status Output turn-off torr — — 200 us Isink =1 mAto 0 mA
Status Output turn-on ton — — 200 us Isink =0 mAto 1 mA

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp = [Vreg (typical) + 0.3V] to 12V.
Typical values are at +25°C, Vpp = [VRgg (typical) + 1.0V]

Parameters Sym. Min. ‘ Typ. | Max. ‘ Units | Conditions

Temperature Ranges

Specified Temperature Range Ta -40 — +85 °C

Operating Temperature Range T, -40 — +125 °C

Storage Temperature Range Ta -65 — +150 °C

Thermal Package Resistances

5-Lead, SOT-23 0,a — 230 — °C/W | 4-Layer JC51-7 Standard
Board, Natural Convection
(Note 2)

8-Lead, 2 mm x 3 mm, DFN 0,a — 76 — °C/W | 4-Layer JC51-7 Standard
Board, Natural Convection
(Note 1)

Note 1:

This represents the minimum copper condition on the PCB (Printed Circuit Board).

2: With large copper area on the PCB, the SOT-23-5 thermal resistance (6,,) can reach a typical value of

130°C/W or better.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Vpp = [Vreg(typical) + 1V], Iyt = 10 mA and Ty= +25°C, Constant-Voltage mode.
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MCP73831/2

TYPICAL PERFORMANCE CURVES (CONTINUED)

Note: Unless otherwise indicated, Vpp = [Vreg(typical) + 1V], Iyt = 10 mA and Ty= +25°C, Constant-Voltage mode.
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MCP73831/2

3.0 PIN DESCRIPTION

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLES
Pin No.
Symbol Function
DFN SOT-23-5
1 4 Vpp Battery Management Input Supply
2 — Vpp Battery Management Input Supply
3 3 VeaT Battery Charge Control Output
4 — VBaT Battery Charge Control Output
5 1 STAT Charge Status Output
6 2 Vss Battery Management OV Reference
7 — NC No Connection
8 5 PROG Current Regulation Set and Charge Control Enable
9 — EP Exposed Thermal Pad (EP); must be connected to Vgg.

3.1 Battery Management Input Supply
(Vop)

A supply voltage of [Vggg (typical) + 0.3V] to 6V is
recommended. Bypass to Vgg with a minimum of
4.7 uF.

3.2 Battery Charge Control Output
(Vear)

Connect to positive terminal of battery. Drain terminal
of internal P-channel MOSFET pass transistor. Bypass
to Vgg with a minimum of 4.7 pF to ensure loop stability
when the battery is disconnected.

3.3 Charge Status Output (STAT)

STAT is an output for connection to an LED for charge
status indication. Alternatively, a pull-up resistor can be
applied for interfacing to a host microcontroller.

STAT is a tri-state logic output on the MCP73831 and
an open-drain output on the MCP73832.

34 Battery Management OV Reference
(Vss)

Connect to negative terminal of battery and input
supply.

3.5 Current Regulation Set (PROG)

Preconditioning, fast charge and termination currents
are scaled by placing a resistor from PROG to Vgg.

The charge management controller can be disabled by
allowing the PROG input to float.

3.6 Exposed Thermal Pad (EP)

An internal electrical connection exists between the
Exposed Thermal Pad (EP) and the Vgg pin. They must
be connected to the same potential on the Printed
Circuit Board (PCB).

For better thermal performance, it is recommended to
add vias from the land area of EP to a copper layer on
the other side of the PCB.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

4.0 DEVICE OVERVIEW

The MCP73831/2 are highly advanced linear charge
management controllers. Figure 4-1 depicts the
operational flow algorithm from charge initiation to
completion and automatic recharge.

SHUTDOWN MODE
Vop < VuvLo
Vbp < VBar
or
PROG > 200 kQ
STAT = High Z

* VBaT < VPTH

PRECONDITIONING
MODE
Charge Current = Ipreg
STAT = LOW

* Vear > VpTH

VeaT > VpTH

FAST CHARGE
MODE
@ Charge Current = Iggg | VBAT < VRTH

STAT = LOW

* Vear = VReG

CONSTANT VOLTAGE
MODE
L d Charge Voltage = Vrgg

STAT = LOW

* IAT < ITERM

CHARGE COMPLETE
MODE
No Charge Current
STAT = HIGH (MCP73831)
STAT = High Z (MCP73832)

FIGURE 4-1: Flowchart.

4.1 Undervoltage Lockout (UVLO)

An internal UVLO circuit monitors the input voltage and
keeps the charger in Shutdown mode until the input
supply rises above the UVLO threshold. The UVLO
circuitry has a built in hysteresis of 100 mV.

In the event a battery is present when the input power
is applied, the input supply must rise to a level 150 mV
above the battery voltage before the MCP73831/2
become operational.

The UVLO circuit places the device in Shutdown mode
if the input supply falls to within +50 mV of the battery
voltage. Again, the input supply must rise to a level
150 mV above the battery voltage before the
MCP73831/2 become operational.

The UVLO circuit is always active. Whenever the input
supply is below the UVLO threshold or within +50 mV
of the voltage at the Vgar pin, the MCP73831/2 are
placed in Shutdown mode.

During any UVLO condition, the battery reverse
discharge current is less than 2 pA.

4.2 Battery Detection

A 6 pA (typical) current is sourced by the Vgt pin to
determine if a battery is present or not. If the voltage at
Vgar rises to VrReg + 100 mV (typical), the device
assumes that a battery is not present. If the voltage
stays below Vggg + 100 mV (typical), the device
assumes that a battery is detected. In order to correctly
detect a battery insertion, the impedance seen by the
Vgar pin before the battery is connected must be
greater than 2 MQ.

4.3 Charge Qualification

For a charge cycle to begin, all UVLO conditions must
be met and a battery or output load must be present. A
charge current programming resistor must be
connected from PROG to Vgg. If the PROG pin is open
or floating, the MCP73831/2 are disabled and the
battery reverse discharge current is less than 2 pA. In
this manner, the PROG pin acts as a charge enable
and can be used as a manual shutdown.

4.4 Preconditioning

If the voltage at the Vgar pin is less than the
preconditioning threshold, the MCP73831/2 enter a
preconditioning or Trickle Charge mode. The
preconditioning threshold is factory set. Refer to
Section 1.0  “Electrical  Characteristics”  for
preconditioning threshold options and the Product
Identification System for standard options.

In this mode, the MCP73831/2 supply a percentage of
the charge current (established with the value of the
resistor connected to the PROG pin) to the battery. The
percentage or ratio of the current is factory set. Refer to
Section 1.0  “Electrical  Characteristics”  for
preconditioning current options and the Product Iden-
tification System for standard options.

When the voltage at the Vgt pin rises above the
preconditioning threshold, the MCP73831/2 enter the
Constant-Current or Fast Charge mode.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

4.5 Fast Charge Constant-Current
Mode

During the Constant-Current mode, the programmed
charge current is supplied to the battery or load. The
charge current is established using a single resistor
from PROG to Vgg. Constant-Current mode is
maintained until the voltage at the Vgar pin reaches the
regulation voltage, Vrea

4.6 Constant-Voltage Mode

When the voltage at the Vgar pin reaches the
regulation voltage, VRgg constant voltage regulation
begins. The regulation voltage is factory set to 4.2V,
4.35V, 4.40V or 4.50V with a tolerance of £0.75%.

4.7 Charge Termination

The charge cycle is terminated when, during Constant-
Voltage mode, the average charge current diminishes
below a percentage of the programmed charge current
(established with the value of the resistor connected to
the PROG pin). A 1 ms filter time on the termination
comparator ensures that transient load conditions do
not result in premature charge cycle termination. The
percentage or ratio of the current is factory set. Refer to
Section 1.0 “Electrical Characteristics” for charge
termination current options and the Product
Identification System for standard options.

The charge current is latched off and the MCP73831/2
enter a Charge Complete mode.

4.8 Automatic Recharge

The MCP73831/2 continuously monitor the voltage at
the Vgar pin in the Charge Complete mode. If the
voltage drops below the recharge threshold, another
charge cycle begins and current is once again supplied
to the battery or load. The recharge threshold is factory
set. Refer to Section 1.0 “Electrical Characteristics”
for recharge threshold options and the Product
Identification System for standard options.

4.9 Thermal Regulation

The MCP73831/2 limit the charge current based on the
die temperature. The thermal regulation optimizes the
charge cycle time while maintaining device reliability.
Figure 4-2 depicts the thermal regulation for the
MCP73831/2.

525 Reros =2 k@
PROG =
< 450 \
E a5
t
2 300
=]
O 225
&
£ 150
S 75
0
O WYL WLWW WL W W
Junction Temperature (°C)
FIGURE 4-2: Thermal Regulation.

410 Thermal Shutdown

The MCP73831/2 suspend charge if the die tempera-
ture exceeds 150°C. Charging will resume when the
die temperature has cooled by approximately 10°C.
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MCP73831/2

5.0 DETAILED DESCRIPTION

5.1 Analog Circuitry

5.1.1 BATTERY MANAGEMENT INPUT
SUPPLY (Vpp)

The Vpp pin is the input supply pin for the MCP73831/
2 devices. The MCP73831/2 automatically enter a
Power-Down mode if the voltage on the Vpp input falls
below the UVLO voltage (Vgtop). This feature prevents
draining the battery pack when the Vpp supply is not
present.

512  CURRENT REGULATION SET
(PROG)

Fast charge current regulation can be scaled by placing
a programming resistor (Rprog) from the PROG input
to Vgg. The program resistor and the charge current
are calculated using the following equation:

| _ 1000V
RES ™ Reopog
Where:
RPROG = kOhms
IReG = milliampere

The preconditioning trickle charge current and the
charge termination current are ratiometric to the fast
charge current based on the selected device options.

513  BATTERY CHARGE CONTROL
OUTPUT (Vgar)

The battery charge control output is the drain terminal
of an internal P-channel MOSFET. The MCP73831/2
provide constant current and voltage regulation to the
battery pack by controlling this MOSFET in the linear
region. The battery charge control output should be
connected to the positive terminal of the battery pack.

5.2 Digital Circuitry

5.2.1 STATUS INDICATOR (STAT)

The charge status output of the MCP73831 has three
different states: High (H), Low (L), and High-
Impedance (High Z). The charge status output of the
MCP73832 is open-drain. It has two different states:
Low (L) and High-Impedance (High Z). The charge sta-
tus output can be used to illuminate one, two or tri-color
LEDs. Optionally, the charge status output can be used
as an interface to a host microcontroller.

Table 5-1 summarizes the state of the status output
during a charge cycle.

TABLE 5-1: STATUS OUTPUT
STAT1
Charge Cycle State
MCP73831 | MCP73832

Shutdown High Z High Z
No Battery Present High Z High Z
Preconditioning L L
Constant-Current Fast L L
Charge

Constant Voltage L L
Charge Complete — H High Z
Standby

5.2.2 DEVICE DISABLE (PROG)

The current regulation set input pin (PROG) can be
used to terminate a charge at any time during the
charge cycle, as well as to initiate a charge cycle or
initiate a recharge cycle.

Placing a programming resistor from the PROG input to
Vgg enables the device. Allowing the PROG input to
float or by applying a logic-high input signal, disables
the device and terminates a charge cycle. When
disabled, the device’s supply current is reduced to
25 pA, typically.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

5-Lead Plastic Small Outline Transistor (OT) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

N
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11 ! 31

=

D

* [ | *
A ‘ B Af CL 0
- TJ S .

A1 —a| L |-

Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 5
Lead Pitch e 0.95BSC
Outside Lead Pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 - 1.30
Standoff A1 0.00 - 0.15
Overall Width E 2.20 - 3.20
Molded Package Width E1 1.30 - 1.80
Overall Length D 2.70 - 3.10
Foot Length L 0.10 - 0.60
Footprint L1 0.35 - 0.80
Foot Angle [} 0° - 30°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 0.51

Notes:
1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side.
2. Dimensioning and tolerancing per ASME Y 14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-091B
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system:
nominal voltage:
end charge voltage:

max. charge
current:

charge conditions
standard charge:
fast charge:
charging method:

capacity
nominal:

minimal:

energy:

max. continuous
discharge current:

internally safety
system:

life time expectancy:
ambient temperature
range

charge:

discharge:

long term storage:
QCT3:

weight:

dimensions:

data sheet

Lithium-lon-Battery

3.7V

4.2V

750mA

325mA for 3.5h min.
650mA for 2.5h min.

CC-CV (constant current and constant voltage)

after standard charge

750mAh at 0.2C discharge to 2.75V
750mAh at 0.2C discharge

675mAh at 1C discharge

2.8Wh

750mA

protection circuit board (pcb) with protection against overcharge,

deep discharge and overload

> 300 cycles

0...45°C
-20...60°C
-20...35°C (less than 1 year)
620/590

approx. 20g

L1:41.7 £0.3mm
L2: 34.7 £0.3mm
L3: 7.2+£0.2mm

s
2
=
g
S
s

Posbat /5%

FOR CANON

Coma o 859515 10515/ 20015/ 2015/ 90

38

Specifications for model/type:

A — Can NB-6L

5044453

701556

a Ansmann drawing number / part number:
l\@ supplerno.

author / date:

TG /23.10.2013

Manufacturer reserves the right to alter or amend the design, model and specification without prior notice
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TPS6300x High-Efficient Single Inductor Buck-Boost Converter With 1.8-A Switches

1 Features

* Input Voltage Range: 1.8 Vto 5.5V

» Fixed and Adjustable Output Voltage Options from
12Vto55V

» Up to 96% Efficiency

e 1200-mA Output Current at 3.3 V in Step-Down
Mode (V\y=3.6 Vto 5.5V)

* Up to 800-mA Output Current at 3.3 V in Boost
Mode (V|y > 2.4V)

» Automatic Transition Between Step-Down and
Boost Mode

» Device Quiescent Current less than 50 pA

» Power-Save Mode for Improved Efficiency at Low
Output Power

» Forced Fixed Frequency Operation and
Synchronization Possible

e Load Disconnect During Shutdown
* Overtemperature Protection

e Available in a Small 3-mm x 3-mm 10-Pin VSON
Package (QFN)

2 Applications

* All Two-Cell and Three-Cell Alkaline, NiCd or
NiMH or Single-Cell Li Battery Powered Products

* Portable Audio Players

* Smart Phones

» Personal Medical Products

*  White LEDs

Typical Application Schematic

L1

2.2uH
L1 L2

ViN = VIN vout Vour
1.8V to c1 VINA c2 cs 33Vupto
5.5V 100Q 1200mA
10pF EN B 10pF | 10pF
o f:F PS/SYNC
— I GND PGND = =
TPS63001

3 Description

The TPS6300x devices provide a power supply
solution for products powered by either a two-cell or
three-cell alkaline, NiCd or NiMH battery, or a one-
cell Li-ion or Li-polymer battery. Output currents can
go as high as 1200 mA while using a single-cell Li-ion
or Li-polymer battery, and discharge it down to 2.5 V
or lower. The buck-boost converter is based on a
fixed frequency, pulse width modulation (PWM)
controller using synchronous rectification to obtain
maximum efficiency. At low load currents, the
converter enters power-save mode to maintain high
efficiency over a wide load current range. The power-
save mode can be disabled, forcing the converter to
operate at a fixed switching frequency. The maximum
average current in the switches is limited to a typical
value of 1800 mA. The output voltage is
programmable using an external resistor divider, or is
fixed internally on the chip. The converter can be
disabled to minimize battery drain. During shutdown,
the load is disconnected from the battery.

The TPS6300x devices operate over a free air
temperature range of —40°C to 85°C. The devices are
packaged in a 10-pin VSON package (QFN)
measuring 3 mm x 3 mm (DRC).

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
TPS63000
TPS63001 VSON (10) 3.00 mm x 3.00 mm
TPS63002

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Efficiency vs Output Current
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
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5 Pin Configuration

and Functions

DRC Package

10-Pin VSON
Top View
VOUT[10--H5- ]FB
L2171 fyposea | 1] GND
PGNDJ[Z | Thermal | 7] VINA
| pad® | S
L1z : : L] PS/SYNC
VIN[Z '——i—m—~ L]EN

(1) The exposed thermal pad is connected to PGND.

Pin Functions

e PN Ne) 110 DESCRIPTION

EN 6 IN Enable input (1 enabled, 0 disabled)

FB 10 IN | Voltage feedback of adjustable versions, must be connected to VOUT on fixed output voltage versions
GND 9 — | Control / logic ground

L1 4 IN Connection for inductor

L2 2 IN Connection for inductor

PGND 3 — | Power ground

PS/SYNC 7 IN Enable / disable power-save mode (1 disabled, 0 enabled, clock signal for synchronization)
VIN 5 IN Supply voltage for power stage

VINA 8 IN Supply voltage for control stage

VOUT 1 OUT | Buck-boost converter output

Exposed — — | The exposed thermal pad is connected to PGND.

Thermal Pad

Copyright © 2006-2015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Input voltage on VIN, VINA, L1, L2, VOUT, PS/SYNC, EN, FB -0.3 7 \
Operating virtual junction temperature, T; -40 150 °C
Storage temperature, Tgyg -65 150 °C

(1) 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 my affect device reliability.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® 2000 v
(ESD) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins® 1000
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
MIN MAX UNIT
Supply voltage at VIN, VINA 1.8 5.5 \%
Operating free air temperature, T -40 85 °C
Operating virtual junction temperature, T; -40 125 °C
6.4 Thermal Information
TPS6300x
THERMAL METRIC® DRC (VSON) UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 46.8 °C/W
Raic(top) Junction-to-case (top) thermal resistance 62.5 °C/IW
Rgip Junction-to-board thermal resistance 21.4 °C/W
Wit Junction-to-top characterization parameter 1.4 °C/IW
Wig Junction-to-board characterization parameter 21.5 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 4.1 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics

over recommended free-air temperature range and over recommended input voltage range (typical at an ambient temperature

range of 25°C) (unless otherwise noted)

PARAMETER TEST CONDITIONS | MIN  TYP MAX| UNIT
DC-DC STAGE
Vin Input voltage range 1.8 55 \%
VN Input voltage range for start-up 1.9 5.5 \%
Voutr TPS63000 output voltage range 1.2 55 \%
Veg TPS63000 feedback voltage PS/SYNC = Vy 495 500 505 mV
f Oscillator frequency 1250 1500 kHz
Frequency range for synchronization 1250 1800 kHz
lsw Switch current limit VIN=Vina=3.6V, Ty =25°C 1600 1800 2000 mA
High-side switch ON-resistance VIN=ViNa=3.6V 100 mQ
Low-side switch ON-resistance VIN=ViNa=3.6V 100 mQ
Line regulation 0.5%
Load regulation 0.5%
) VIN 1 1.5 WA
Iy cQuurIrzantem VINA I\?(;JJ::O;;A\,/ VEN=VIN=ViNAa=3.6V, 20 50 A
VOUT (adjustable output voltage) 4 6 MA
FB input impedance (fixed output voltage) MQ
Ig Shutdown current VeEN=0V,ViN=VNa=3.6V 0.1 1 MA
CONTROL STAGE
Vuvio Undervoltage lockout threshold V|na Voltage decreasing 15 1.7 1.8 \%
Vi EN, PS/SYNC input low voltage 0.4 \%
Vi EN, PS/SYNC input high voltage 1.2 \%
EN, PS/SYNC input current Clamped on GND or VINA 0.01 0.1 MA
Overtemperature protection 140 °C
Overtemperature hysteresis 20 °C
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7 Detailed Description

7.1 Overview

The controlling circuit of the device is based on an average current mode topology. The average inductor current
is regulated by a fast current regulator loop which is controlled by a voltage control loop. The controller also uses
input and output voltage feedforward. Changes of input and output voltage are monitored and immediately can
change the duty cycle in the modulator to achieve a fast response to those errors. The voltage error amplifier
gets its feedback input from the FB pin. At adjustable output voltages a resistive voltage divider must be
connected to that pin. At fixed output voltages FB must be connected to the output voltage to directly sense the
voltage. Fixed output voltage versions use a trimmed internal resistive divider. The feedback voltage will be
compared with the internal reference voltage to generate a stable and accurate output voltage.

The controller circuit also senses the average input current as well as the peak input current. With this, maximum
input power can be controlled as well as the maximum peak current to achieve a safe and stable operation under
all possible conditions. To finally protect the device from overheating, an internal temperature sensor is
implemented.

The device uses 4 internal N-channel MOSFETs to maintain synchronous power conversion at all possible
operating conditions. This enables the device to keep high efficiency over a wide input voltage and output power
range.

To avoid ground shift problems due to the high currents in the switches, two separate ground pins GND and
PGND are used. The reference for all control functions is the GND pin. The power switches are connected to
PGND. Both grounds must be connected on the PCB at only one point, ideally close to the GND pin. Due to the
4-switch topology, the load is always disconnected from the input during shutdown of the converter.

7.2 Functional Block Diagram

—— e e e e e
VIN I
| | Current |
| Sensor
| I
| I
| |
| VBAT — PGND| PGND — |
| Gate
_VOUT | control |
! |
I
| 4] }
VINA : | Modulator —< FB
| | |
VREF
PS/SYNC I— Oscillator ¢ I
| Device 1 I
| Control - I
EN I— Temperature |
| Control I| PGND
GND '—‘ PGND = I
L —_
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TPS6300x DC-DC converters are intended for systems powered by one-cell Li-ion or Li-polymer battery with
a typical voltage between 2.3 V and 4.5 V. They can also be used in systems powered by a double or triple cell
alkaline, NiCd, or NiMH battery with a typical terminal voltage between 1.8 V and 5.5 V. Additionally, any other
voltage source with a typical output voltage between 1.8 V and 5.5 V can power systems where the TPS6300x is
used.

8.2 Typical Application

L1

L1 L2 J

VIN VOUT
C1L R3§E VINA R1 Cc2
EN FB
Cc3 PS/SYNC R2
I —— GND  PGND

TPS6300X -

VN Vour

Figure 2. Typical Application Circuit for Adjustable Output Voltage Option

8.2.1 Design Requirements

The TPS63000 series of buck-boost converters have internal loop compensation. Therefore, the external LC filter
has to be selected according to the internal compensation.

The design guideline provides a component selection to operate the device within the Recommended Operating
Conditions.

For the fixed output voltage option the feedback pin needs to be connected to VOUT.
Table 1 shows the list of components for the application curves.

Table 1. List of Components

REFERENCE DESCRIPTION MANUFACTURER
TPS63000 / TPS63001 / TPS63002 Texas Instruments

L1 VLF4012-2R2 TDK

C1l 10 yF 6.3 V, 0603, X7R ceramic

C2 2 x 10 yF 6.3 V, 0603, X7R ceramic

C3 0.1 pF, X7R ceramic

R3 100 Q

R1, R2 Depending on the output voltage at TPS63000, not used at TPS63001 / TPS63002
10 Submit Documentation Feedback Copyright © 2006-2015, Texas Instruments Incorporated
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8.2.2 Detailed Design Procedure
8.2.2.1 Programming the Output Voltage

Within the TPS6300x family, there are fixed and adjustable output voltage versions available. To properly
configure the fixed output voltage devices, the FB pin is used to sense the output voltage. This means that it
must be connected directly to VOUT. At the adjustable output voltage versions, an external resistor divider is
used to adjust the output voltage. The resistor divider must be connected between VOUT, FB and GND. When
the output voltage is regulated properly, the typical value of the voltage at the FB pin is 500 mV. The maximum
recommended value for the output voltage is 5.5 V. The current through the resistive divider should be about 100
times greater than the current into the FB pin. The typical current into the FB pin is 0.01 yA, and the voltage
across the resistor between FB and GND, R,, is typically 500 mV. Based on those two values, the recommended
value for R, should be lower than 500 kQ, in order to set the divider current at 1 yA or higher. TI recommends to
keep the value for this resistor in the range of 200 kQ. From that, the value of the resistor connected between
VOUT and FB, R4, depending on the needed output voltage (Voyt), can be calculated using Equation 1.

R, :sz[ﬂ—q
VFB

@

If as an example, an output voltage of 3.3 V is needed, a 1-MQ resistor should be chosen for R;. To improve
control performance using a feedforward capacitor in parallel to R; is recommended. The value for the
feedforward capacitor can be calculated using Equation 2.

2.2 ys
Cy==2F
1 (@)

8.2.2.2 Inductor Selection

The inductor selection is affected by several parameter like inductor ripple current, output voltage ripple,
transition point into power-save mode, and efficiency. See Table 2 for typical inductors.

Table 2. List of Recommended Inductors

VENDOR INDUCTOR SERIES
. LPS3015
Coilcraft
LPS4012
Murata LQH3NP
Tajo Yuden NR3015
VLF3215
TDK
VLF4012

For high efficiencies, the inductor should have a low DC resistance to minimize conduction losses. Especially at
high-switching frequencies, the core material has a high impact on efficiency. When using small chip inductors,
the efficiency is reduced mainly due to higher inductor core losses. This needs to be considered when selecting
the appropriate inductor. The inductor value determines the inductor ripple current. The larger the inductor value,
the smaller the inductor ripple current and the lower the conduction losses of the converter. Conversely, larger
inductor values cause a slower load transient response. To avoid saturation of the inductor, the peak current for
the inductor in steady-state operation is calculated using Equation 4. Only the equation which defines the switch
current in boost mode is shown, because this provides the highest value of current and represents the critical
current value for selecting the right inductor.
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v -V
Duty Cycle Boost D= _OUT 'IN
Vout 3)
| _ lout . Vin x D
PEAK  mx(1-D) 2xfxL
where

e D = Duty Cycle in Boost mode

« f = Converter switching frequency (typical 2.5MHz)

* L = Inductor value

* n = Estimated converter efficiency (use the number from the efficiency curves or 0.90 as an assumption)  (4)

NOTE
The calculation must be done for the minimum input voltage which is possible to have in
boost mode.

Calculating the maximum inductor current using the actual operating conditions gives the minimum saturation
current of the inductor needed. ITI recommends to choose an inductor with a saturation current 20% higher than
the value calculated using Equation 4. Possible inductors are listed in Table 2.

8.2.2.3 Capacitor Selection

8.2.2.3.1 Input Capacitor

At least a 4.7-yF input capacitor is recommended to improve transient behavior of the regulator and EMI
behavior of the total power supply circuit. A ceramic capacitor placed as close as possible to the VIN and PGND
pins of the IC is recommended.

8.2.2.3.2 Output Capacitor

For the output cap