








Figura 33. Voltaje de rizado utilizando el MAX889ESA sin LDO

Fuente: elaboracion propia.

Originalmente el voltaje de alimentacion de +5.0V. provenia directamente
de una fuente de voltaje externa, esta fuente alimentaba la NEXYS 3 y todos los

componentes del slow-control.

El principal inconveniente de este diseno inicial radica en el hecho de que
las fuentes de voltaje actuales utilizan reguladores de swicheo, lo cual puede
ingresar ruido al sistema. Ademas, en caso de un corto circuito dentro de la placa

o en la NEXYS 3, se corre el riesgo que ambas electronicas sean danadas.

Para corregir estos errores, se instaldo un regulador LDO para separar el
voltaje de alimentacion de la NEXYS 3 con el resto de la electrénica. Para dicha
tarea se empleé el integrado MAX1818EUT33, el cual es un regulador LDO con

voltaje de salida de 500 mA programable.
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Figura 34. Voltaje de rizado utilizando el MAX889ESA con LDO

0.00000Hz

Fuente: elaboracion propia.

La figura 36 muestra el esquematico del regulador de voltaje. En la salida se
encuentra un Jumper (J11), el cual permite seleccionar el voltaje de alimentacion
a usar en los componentes, ya sean regulados o sin regular. Esta decision

depende de la fuente de voltaje a utilizar.

EL MAX1818EUT33 es un regulador programable en donde el voltaje de

salida esta regido por la ecuaciéon

Vo = (— + 1) Vet (5.2.)
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Figura 35. Circuito inversor de voltaje para -5,0 V
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Fuente: elaboracion propia, con el programa Proteus.

Donde Vs.; = 1,25V y para el diagrama en la figura 36 las resistencias
Ry = Roys Yy Rg = Ry Y Vo puede variar en el rango de 1,25 voltios a 5,0
voltios. Por defecto el MAX18182UT33 tiene un voltaje de salida de 3,3 voltios al
colocar SET atierra. Dado que todos los integrados utilizados en la digitalizadora
pueden usar un voltaje de entrada de +3,3V. o +5,0V. se puede cambiar la
configuracion del regulador desoldando la resistencia 28 y cambiando por una
de 092 la resistencia 29. Sin embargo, no se recomienda bajar el voltaje de

alimentacion con otro propdsito ademas de pruebas del sistema.

5.2.2. Elevador de voltaje de +12,0V

Para elevar el voltaje de salida de +12,0 voltios se utiliza el MAX662A el
circuito original se detalla en la figura 20, dado que es un circuito integrado de
bombeo, tambien puede ingresar ruido al sistema, para evitar eso se utilizan

ferritas y capacitores de desacople como se observa en la figura 38.
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Figura 36.

Regulador de voltaje para salida de +5,0V
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Fuente: elaboracion propia, con el programa Proteus.
5.2.3. Capacitores de desacople

Los capacitores de desacople, entre los pines de voltaje y de tierra aseguran

baja impedancia al ruido en AC. Para llegar a esta baja impedancia entre un

rango de frecuencias especifico es necesario un arreglo de distintos valores de

capacitores.
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Figura 37. Regulador de voltaje
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Fuente: elaboracién propia, con el programa Proteus.

La figura 39 muestra la impedancia de diversos valores de capacitores en
un rango de frecuencias variadas asi como la respuesta en paralelo (linea azul),
ya que no existen capacitores ideales, cada capacitor puede entrar en resonancia
propia en donde la impedancia se dispara, por esta razén es importante colocar
diversos valores de capacitancia en paralelo para eliminar la mayor cantidad de

componentes de resonancia posibles.
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Figura 38. Elevador de voltaje MAX662, con desacople de ferrita

+5VA

LE | L12
C26 MMZ1608D050C

7
> W
&3
g

4u? 12V

. Ue A
8 1sHDN K vouT

0 5
> — —

— 2 [

- L2 e 2 | =30 /=005
—L_c29 o —L_c30 a7 B
T 220n 1 ici- & co+ T‘___ 220n o o

r~ MAX662A

Fuente: elaboracién propia, con el programa Proteus.

5.2.4. Otras consideraciones

Es muy importante separar las fuentes de voltaje a utilizar para senales
analdgicas como para digitales. Las sefales analogas pueden transmitir ruido a
las senales digitales. Para prevenir esto, basta con aislar las sefiales analogas
con ferrtia de choque. Las ferritas utilizadas tienen impedancia de entrada de
0,502 en DC y 60052 a 100 MHz. De ahora en adelante se determinaran como
xxV A para voltaje analogico y zzV D para referirnos a voltaje digital, cada senal

analdgica sera separada de las digitales, por lo menos por una ferrita.
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Figura 39. Impedancia de diversos capacitores en un rango

amplio de frecuencias
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Fuente: WEILER A, PAKOSTA, A. High-speed layout guidelines. p. 13.
5.3. Bloques implementados
En esta seccion se muestran los bloques de circuitos de la tarjeta de
adquisicién de datos LAGO-GT V0.2, con las correcciones de la version V0.1,
cada sub-seccion detalla la electrénica implementada en cada bloque.

5.3.1. Pulse Shapper

La figura 40 muestra el circuito integrado THS4503 en configuracion

diferencial y la figura 41 se muestra la configuracién del ADS5500.
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Figura 40. Amplificador diferencial utilizando el THS4503
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Fuente: elaboracion propia, con el programa Proteus.

5.3.2. Slow-control y baseline control

La figura 42 muestra el traductor de voltaje LSF0108 utilizado para convertir

la senal digital de +3, 3V. proveniente de la NEXYS 3 a una senal digital de 45,0V

El traductor de voltaje se utiliza para manejar las sefales de comunicacion
SPI en el resto de la electronica. Las figuras 43 y 44 muestran la configuracion

del TLV5614 y del DAC7614 a utilizarse en el slow-control y el baseline control
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Figura 41. Configuracion del ADS5500
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Fuente: elaboracién propia, con el programa Proteus.

5.4. PCB layout

Un factor de suma importancia que fue pasado por alto en el prototipo
inicial fue la complejidad del diseno del layout; ya que se esta trabajando con
electronica de alta velocidad existen simplificaciones sobre la propagacion de la

onda y movimiento de electrones que no pueden despreciarse.
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Figura 42. Configuracion del LSF0108, traductor de voltaje
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Fuente: elaboracion propia, con el programa Proteus.

En la nota técnica High-speed layout guidelines se detallan las
consideraciones a tomar en el diseno del layout de un PCB que trabaja con

senales a alta velocidad. Las consideraciones a tomar son:

o Efectos del crosstalk

o Efectos del skew

o Alimentacién

° Paneles de poder y de tierra
o Capacitores de desacople
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Figura 43. Configuracion del TLV5614 para V,,,; del slow-control
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Fuente: elaboracion propia, con el programa Proteus.

5.4.1. Crosstalk y skew

Es la influencia mutua que ocurre entre dos rutas paralelas. Una es llamada
el agresor y la otra la victima. Dado los campos electromagnéticos generados,
el agresor induce una corriente inversa sobre la victima provocando ruido. Para
calcular el crosstalk se utilizd el programa ULTRACAD disponible de manera

gratuita en la pagina http://www.ultracad.com/calc.htm.

Para dos pistas paralelas con una longitud de 4,5 cm, un grosor de 10 mils,
en una placa de fibra de vidrio a una separacion de 10 mils entre cada pista, el
coeficiente de crosstalk es de 0,148245. Para un voltaje digital de 3,3 voltios, la

amplitud del crosstalk es de 0,49 voltios, lo cual ya es un error significativo.
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Figura 44. Configuracion del DAC7614 para baseline control
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Fuente: elaboracion propia, con el programa Proteus.

Figura 45. Pines de salida y entrada de LAGOGTV0.2

A re

Fuente: elaboracién propia, con el programa Proteus.

Skew es un retraso que ocurre en la salida paralalela de un circuito, este
ocurre cuando la longitud de las pistas no es la misma a una salida. Si una pista

es mas larga que la otra, las sefnales no llegan al mismo tiempo.
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Figura 46. Software ULTRACAD utilizado para medir el crosstalk
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Fuente: elaboracion propia.

El skew afecta, principalmente, cuando se utilizan senales diferenciales, por
ejemplo, una senal de reloj, si una pista es mas larga que la otra, las senales

pierden fase desestabilizando el sistema.

Ambos problemas pueden resolverse en el diseio del PCB, la nota técnica
Guidelines for Designing High-Speed FPGA PCBs recomienda utilizar pistas
disenadas en serpentinas para igualar las longitudes en las salidas paralelas,
en la figura 47 se muestra un ejemplo de pistas en serpentinas utilizadas en el

diseno definitivo para la electronica de LAGO-GT.
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Cada pista en la salida paralela del ADS5500 hacia el conector tiene
una longitud de 45 milimetros con una incerteza de +0,05mm. Las pistas en
serpentina previenen ademas el efecto del crosstalk. Con el disefio de las pistas
en serpentina la longitud en paralelo maxima es de 11,2 mm. lo cual genera un
coeficiente de crosstalk maximo de 0,0054 lo que es equivalente 0,018 voltios p-p
de amplitud del ruido. Este coeficiente fue calculado asumiendo el peor escenario
posible, el cual es una senal digital alternante a 125 Mhz. La senal del reloj de
sincronizacién del ADS5500 al encontrarse activo de manera permanente, es la
principal fuente de crosstalk a prevenir, esto se logra enviando la senal por la
cara posterior de la placa y separando el camino que toma la pista cuidando
evitar traslape en el plano superior. El coeficiente calculado de crosstalk en estas
consideraciones es de 0,017 implicando un voltaje parasito de 5 milivoltios. en la

linea mas cercana (DO) el cual no es significativo al trabajar con senales digitales.

5.4.2. Alimentacion y paneles de tierra

En electronicas de alta velocidad los paneles de potencia se vuelven
necesarios para asegurar la estabilidad del sistema. Lo ideal es que cada voltaje
manejado tenga su propia capa y su propio panel de tierra, sin embargo, esto es
in-practico y costoso; ya que el proyecto es de bajo presupuesto, el maximo de
capas que se disponen para el prototipo LAGO-GT V0.2 es de 2; por lo tanto, los
paneles de poder se deben dividir. El problema de dividir paneles de tierra es la
formacion de ciclos de tierras o con un mal disefio puede comportarse como una

antena e irradiar.
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Figura 47. PCB layout para correccion de skew y crosstalk

Fuente: elaboracién propia, con el programa Proteus.

Para entender el concepto de los ciclos de tierra, hay que entender el
comportamiento de los electrones. Los electrones siempre buscan el camino
de la menor impedancia, ya que un circuito siempre es un camino cerrado, sin
embargo, mientras mayor sea el area encerrada, mayor sera la radiacion emitida,

esta radiacion genera ruido e inestabilidad en el sistema.

La figura 48 muestra cuatro escenarios de las corrientes de retorno y las
areas producidas por cada una. En la figura 48a. se muestra el camino de retorno
(linea azul) que toma el camino mas corto; ya que la corriente proveniente de la

fuente hasta donde se unifican los retornos encierra un area suficiente para radiar.
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Figura 48. Corriente de retorno y areas resultantes
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Fuente: WEILER, A; PAKOSTA, A. High-speed layout guidelines. p. 18.

La figura 48 b muestra el camino de retorno que deben tomar los electrones,
cuando hay diversos paneles de poder, el camino de retorno se alarga encerrando
un area de radiacion mayor, la figura 48 ¢ muestra el camino de retorno ideal,
siempre paralelo al circuito, con retornos inmediatos y cortos, minimizando el area
de radiacion al maximo, en el caso de paneles de poder, cuando se encuentran
cortes y caminos hacia una tierra compartida como se observa en la figura 48 d,
se deben colocar resistencias de 0 2 para minimizar el ciclo, siempre buscando

gue el retorno sea lo mas cercano posible al circuito.

Los paneles implementados en la electronica de LAGO son los siguientes:

o +3,3 Voltios analdgicos
° +5,0 Voltios analogicos
° -5,0 Voltios analdgicos

o +5,0 Voltios digital
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Figura 49. Correcta e incorrecta disposicion de vias en un capacitor

Good Bypassing

Fuente: WEILER, A; PAKOSTA, A. High-speed layout guidelines. p. 23.

o Tierra digital DGND

o Tierra analdgica

5.4.3. Capacitores de desacople

La distribucidn de los capacitores de desacople no puede ser al azar, existen

ciertas condiciones que deben cumplirse para que el desacople sea efectivo.

o Colocar los capacitores de menor valor tan cerca como sea posible del

dispositivo para minimizar la influencia inductiva del trazo.

° Colocar el capacitor de menor valor lo mas cerca posible al pin o pines de
poder.
o Conectar el extremo de capacitor a un panel de tierra de manera directa o

a través de una via.

La figura 49 muestra la configuracion de una correcta y de una incorrecta

disposicion de vias para los capacitores de desacople.
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Los capacitores de desacople utilizados en el ADS5500 se muestran en la
figura 41 como capacitores C5 a C16 estos deben distribuirse los mas cercano

de cada uno de los pines de poder.

Figura 50. Implementacion de los capacitores de desacople en
el ADS5500
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Fuente: elaboracion propia, con el programa Proteus.
5.4.4. Footprint y fabricacion del PCB
De la figura 51 a la 53 se detallan el Footprint de la PCB y su simulacion 3D

previo a su fabricacion. En la figura 54 se puede observar el PCB del segundo

prototipo de la tarjeta LAGO-GT ya fabricado.
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Figura 52. Silk screen superior e inferior para LAGO-GT V0.2
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Fuente: elaboracién propia, con el programa Proteus.
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Figura 53. Vista 3D de la PCB
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Fuente: elaboracién propia, con el programa Proteus.
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Figura 54. PCB definitivo LAGO-GT V0.2

Fuente: elaboracion propia, con el programa Proteus.
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6. BANCO DE PRUEBAS Y PLATAFORMA PARA
DEBUGGING

Como se menciond en capitulos anteriores, un prototipo debe de ser
sometido a una serie de pruebas metoddicas con el propdsito de encontrar y

corregir errores; este proceso es conocido como debugging.

Banco de pruebas se le llama al espectro de pruebas realizado en un
prototipo o software simulando todas las condiciones de entrada para analizar

Su respuesta.

La diferencia principal entre el banco de pruebas y la plataforma de
debugging consiste en que el banco de pruebas analiza Unicamente la respuesta
del sistema a diversas entradas observando el sistema como una caja negra.
La plataforma de debugging usa un concepto de caja blanca para realizar las

pruebas y corregir errores dentro del sistema.

En este caso, para probar el prototipo se necesita desarrollar ambas
plataformas, el diseno de ambas es un tema bastante complejo en si, por lo que
en este capitulo se limita a la descripcién del banco de pruebas y de la plataforma

para debugging.
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6.1. Plataforma para debuging

En esta plataforma se necesita controlar los valores de voltaje de salida del
baseline control, del slow-control, del ADC que se controlan via SPI. Se debe
leer la salida diferencial del pulse shapper como referencia. Se necesita leer los
valores de salida del ADC sincronizados con su reloj, controlar un valor de pulso
via PWM para excitar el PMT, retroalimentaciéon visual de las pruebas que se

estan realizando y ocupar el menor numero de periféricos posibles.

El control de los voltajes, la senal generada del PWM vy la adquisicidn de
los datos del ADC se realiza con la NEXYS 3. Los voltajes de salida del baseline
control y del slow-control, asi como la salida diferencial del pulse shapper se

realiza midiendo en los puntos de prueba, con osciloscopio, las senales de salida.

6.1.1. Componentes del VHDL de prueba

De manera similar a como se detall6 el firmware de prueba en el capitulo 4.

El firmware de debugging contiene los siguientes bloques:

° Clock generator encargado de generar el reloj diferencial para el ADC
asi como aislar el reloj del sistema.
o Comunicacién serial para enviar las instrucciones de control, asi como

para recibir los datos provenientes del ADC.

o Bloque SPI para enviar las senales a los distintos bloques de hardware
disenados.

o Memoria FIFO para almacenaje de los datos de alta velocidad.

° Blogue PWM para generar pulsos de excitacion al PMT.

o Display de siete segmentos, y LED’s para la retroalimentacion visual.
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Bloque de registros.

Figura 55.

Diagrama de bloques del VHDL

TOP:1

UART_RX

CLK_GEN

ccccc

RxPort

clk_generator

UART2REG

DATA_SINK

oA N4

ADC_ACQQ

REGISTER_DRIVER

wwwwwwwwwww

Deser

DRIVER

PWM

PWM_dev

SSDisplay
ax s

SevSegDisplay

SPI_W_LD

sspo)

LLLLLLL

LLLLLL

SPILD

Fuente: elaboracion propia, con el programa ISE Design Tools.

TOP

95



En la figura 55 se muestra el diagrama de bloques implementado dentro de

la FPGA el detalle de cada bloque y el cdédigo en VHDL se incluye en el apéndice.

Figura 56. Conexion para debugging utilizada en las pruebas del PCB

Fuente: elaboracion propia.

Los puntos de prueba 2 y 3 fueron utilizados para medir la salida
del amplificador diferencial. Utilizando la funcién interna MATH, dentro del
osciloscopio, se puede observar la senal de entrada al ADC. Dado que la
adquisicién debe ser sincronizada con cada evento simulado por el PWM, el
trigger se configura de forma externa con un nivel de 400 mV. conectado a
la senal generadora del PWM (ver esquematicos). La figura 56 muestra la

configuracion de las puntas de osciloscopio para poder replicar el evento.
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6.1.2. Simulacion de eventos

Para realizar las pruebas se disen6 en Python v. 2.7, una libreria de control
para interactuar via serial con la FPGA. La libreria provee comandos para montar
valores del voltaje baseline, para el voltaje del slow-control, para controlar el ciclo

de trabajo del PWM y para recibir los datos adquiridos después de un evento.

El protocolo para la comunicacién de datos consiste en tres bytes. El primero
de direccion de registro, y los otros dos de propésito general. En la ecuacion 6.1.
se expresa la trama de datos recibidos por la FPGA en donde A representa los

bits de direccion; B representan bits de propdsito general y X son bits de funcion.

AAAAXXXX + BBBBBBBB + BBBBBBBB (6.1.)

Los bits de direccion representan:

° 0x1 para direccion SPI
o 0x2 para direccion de PWM
o 0x3 para configuracion de Threashold

o El resto de bits se dejan abierto para incorporacion de nuevas funciones

En el caso de las funcion SPI, las direcciénes de los bits de funcion son los

siguientes:

° Modo continuo

o Direccién SPI

o Configuracion del valor SPI
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Tabla X.

Funciones disponibles en la libreria uif.py

Métodos

Descripcion

startUART(p, b)

Abre un puerto serial en el puerto p a una tasa de

transferencia b baudios.

sendADC(val) Envia el valor val al ADC.
sendSLC(val) Envia el valor val al slow-control.
sendBLC(val) Envia el valor val al baseline control.
changeVal(val) Envia el valor val a la salida SPI activa

dinamicSPI(dev, on=True)

Activa el dispositivo dev (ADC, SLCTRL, BLCTRL) en
modo dinamico; on determina si esta encendido o apagado

el modo dinamico.

PWM_STATE(on=True)

Enciende o apaga la senal del PWM segun el estado de on

PWM_SET(val)

configura el valor del ciclo de trabajo del PWM

THR_SET(val)

Configura el valor del Threashold

getData(num) Recupera num valores del puerto serial y los devuelve en
un vector de num/2 valores.

getData1(num) Recupera num valores del puerto serial y los devuelve en
un vector de num/2 valores.

getData2(num) Recupera num valores del puerto serial y los devuelve en
un vector de num/2 valores.

getData3(num) Recupera num valores del puerto serial y los devuelve en
un vector de num/2 valores.

saveData(data) Almacena el vector data en un archivo .csv en el escritorio.

Fuente: elaboracion propia.
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Para la direccion PWM, los bits de funcién disponibles son los siguientes:

° Modo continuo

o Configuracion del ciclo de trabajo

En la libreria uif.py, descrita en apéndices, se plantea la clase serlface cuyos
métodos se describen en la tabla X. Utilizando esta libreria se simplifica la tarea

de controlar los componentes SPI al enviar las 6rdenes via serial.

Se realiza un barrido entre los valores hexadecimales 0x0000 al 0xOfff
en el caso del voltaje baseline y entre los valores hexadecimales 0x8000 al
0x8fff para controlar el voltaje del slow-control. De esta forma se comprueba el

funcionamiento de ambos DAC's.

Se determina que el valor hexadecimal 0x07d0 (2000 en decimal) es el
valor donde se encuentra en 0 el voltaje base. El voltaje de polarizacion 6ptimo
es configurando el DAC del slow-control con el valor 0x83c0 (33728), el cual
corresponde a un voltaje en el DAC de 1,04 voltios equivalente a 400 voltios en el
PMT.

La FPGA entrega los datos provenientes del ADC con el siguiente formato:

0010 X X XXX XXXXXXXXX (6.2.)

Donde X representa los 14 bits de datos provenientes del ADC. El 10 inicial

se utiliza para indicar inicio de trama de datos y para chequeo de errores.
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Figura 57. Senal de entrada en el osciloscopio versus senal recibida
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Fuente: elaboracion propia.

6.2. Banco de pruebas y resultados obtenidos

Para asegurarse que el funcionamiento del circuito es el adecuado, se pone
a prueba cada componente serial la orden de fijar el voltaje de baseline a 0 V.
Polarizar el PMT a 400 V. (el voltaje donde se observa el maximo valor del evento
simulado) a través del slow-control. Una vez polarizado, se vacia el buffer del
UART. El Threashold se coloca un 10 % arriba del valor del 0. Se lee la cola del
buffer proveniente del UART; si hay cola, existe un error y se detiene el banco
de pruebas. Ya aseguradas las condiciones de recepcion, el banco de pruebas
envia una senal para encender el PWM, el cual genera un impulso. Al pasar el
umbral el programa espera recibir via UART una trama de datos correspondiente
al impulso, el cual es guardado en un archivo .csv para su posterior analisis. El

script completo se detalla en el apéndice.

La figura 57 muestra la comparacion entre un evento generado por el PWM,
y la senal recibida por la tarjeta. Se aprecia la relacion directa entre el evento

entrante al ADC y la forma de la senal.
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Al observar el cumplimiento del banco de pruebas en cada uno de sus
pasos se puede garantizar un correcto funcionamiento de la tarjeta, en relacion
a sus salidas, la grafica 57 es una representacion de la respuesta de la tarjeta
Unicamente y no de una adquisicion limpia que corresponde a un desarrollo mas
profundo del VHDL y software de control. Sin embargo, el hecho de que tenga
un comportamiento estable ante un evento y que la relacién de la salida sea
directamente proporcional con la entrada, asi como un cambio lineal en al leer
los valores del baseline devolviendo un valor constante, garantiza el correcto

funcionamiento del prototipo.

101



102



CONCLUSIONES

LAGO es un proyecto que pretende estudiar los destellos de radiacion
gamma (GRB), generados por eventos altamente energéticos y por
efectos solares a través de distintos detectores Cherenkov localizados

en Latinoamerica.

La tarjeta de adquisicion LAGO-GT v0.2 presenta caracteristicas
superiores a las electronicas desarrolladas actualmente para la

adquisicién de la forma del evento en el PMT.

Durante el proceso de diseno, el prototipo disenado detalla los errores

de diseno del circuito como del PCB a corregir en el circuito definitivo.

El prototipo LAGO-GT v0.2 puede adquirir una senal entrante del PMT
con una amplitud méaxima de 1.0V. , amplificarla segun los valores de la
resistencia de retroalimentacion, y corregir un voltaje offset a través del
THS4503.

La velocidad de muestreo maxima del prototipo LAGO-GT v0.2 es de 125

MSPS a través de un reloj diferencial con una resolucion de 14 bits.

El voltaje de polarizacion del PMT tiene un voltaje de rizado menor a 25
milivoltios, el cual se logra por medio de filtros LDO e inductancias de

choque, lo cual garantiza estabilidad en la polarizacién.
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10.

Los paneles de voltaje dan estabilidad al ruido y minimizan los efectos
inductivos de las corrientes de retorno. Los capacitores de desacople
y las inductancias de choque, asi como los filtros LDO aislan la

propagacion del ruido a través de las lineas de tierra.

Las caracteristicas del prototipo disefhado permite un control del slow
control, baseline control y el ADC a través de un bus SPI a una velocidad

maxima de 20 MHz.

El prototipo LAGO-GT v0.2 presenta un funcionamiento lineal y
directamente proporcional ante un impulso generado por un PWM,
entregado a un LED ultravioleta, capturando la luz emitida en un PMT,
adecuando la forma de la sefal con respecto a un voltaje base y la forma
de onda necesaria para ser muestreado a una tasa de 125 MSPS y 14

bits para reconstruir la senal.

A altas velocidades de muestreo es imperativo considerar el skew y
el crosstalk como fuentes de ruido significativas en transmisiones en
paralelo. Para evitar estos efectos, debe hacerse el diserio del PCB con

pistas en serpentina con la misma longitud para las senales en paralelo.
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RECOMENDACIONES

Considerar generar la senal de reloj diferencial utilizando la FPGA para

garantizar la sincronia con el reloj de retorno.

Migrar al circuito integrado ADC3444, el cual tiene cuatro canales y un
esquema de transmision serial LVDS. Para esto tomar en cuenta el uso

del protocolo VHDCI disponible en la tarjeta digitalizadora NEXYS 3.

Migrar a una tarjeta para la adquisicion de datos FPGA con
microprocesador embebido, sugerida una tarjeta ZYBO de Xilinx o una

DE1-SOC de Altera para prescindir de un controlador externo.

Utilizar como software de control el lenguaje de programaciéon Python
2.7, ya que presenta un nivel de abstraccion alto y es compatible con

cualquier plataforma Linux embebida.

Apoyar a nivel de universidad, de facultad y de escuela, el desarrollo
de proyectos instrumentacion con el propédsito de investigacion, ya que
la falta de presupuesto limita el potencial humano disponible a nivel de
estudiantado. Proyectos como LAGO no cuentan con apoyo economico
por parte de la Universidad, por lo que su desarrollo depende Unicamente

de donaciones por terceras instituciones y muestras gratis.
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A.

Esquematicos de la tarjeta de adquisicion de datos

A continuacion se presentan los esquematicos del circuito implementado en

el siguiente orden:

—

A

Diagrama de bloques
Pinout

Pulse Shapper 1
Pulse Shapper 2
Reguladora de voltaje
SCTRL y BLCTRL

APENDICES
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Fuente: elaboracién propia utilizando el programa PROTEUS.
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B. Bloques VHDL utilizados en el firmware de prueba
LAGO-GT v 0.1

Modulo TOP

— Company :
— Engineer:

— Create Date: 11:33:17 06/08/2014
— Design Name:

— Module Name: Menu — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :
— Dependencies :
— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |[EEE.STD.LOGIC-1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
use |EEE.NUMERICSTD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—library UNISIM;

—use UNISIM. VComponents. all ;

entity Menu is
Generic (
slaves : INTEGER :=3; — SLAVE NUMBER
spiclkdiv : INTEGER :=10; — CLOCK DIVIDER
d_width : INTEGER :=16;
— Defining Menu Generic
Mclkdiv : INTEGER := 1000);
Port ( CLK : in STD.LOGIC;
Left : in STD.LOGIC;

Right : in STD.LOGIC;

Up : in STD.LOGIC;

Down : in STD.LOGIC;

Enter : in STD.LOGIC;
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SW : in STD_LOGIC_VECTOR(7 DOWNTO 0);
Outputs

Display-
segment7 : out STD.LOGIC.VECTOR (6 downto 0);
LEN : out STD.LOGIC.VECTOR (3 downto 0);
—SPI
SDATA : out STD.LOGIC; — SPI DATA OUTPUT
SCK : out STD.LOGIC; — SPI CLOCK
SS : out STD.LOGIC.VECTOR (slaves—1 downto 0); —SLAVE SELECT
LOADDAC : out STD_LOGIC; — LOAD DAC CONTROL
LED : OUT STD_LOGIC_.VECTOR (7 DOWNTO 0); —LED DISPLAY
DCM-
CLKP : OUT STD.LOGIC;
CLKM : OUT STD.LOGIC
)s

end Menu;

architecture Behavioral of Menu is

component HexDisplay is
Port ( Value : in STD.LOGIC.VECTOR (15 downto 0);
Refresh : in STD_LOGIC;
Seg : out STD.LOGIC.VECTOR (6 downto 0);
DEN : out STD.LOGIC.VECTOR (3 downto 0);
CLK : in STD_LOGIC;
RST : in STD.LOGIC);
end component HexDisplay;

component SPIIFACE is

Generic (
slaves : INTEGER :=3; — SLAVE NUMBER
spiclkdiv : INTEGER :=10; — CLOCK DIVIDER
d_width : INTEGER :=16); — DATA WIDTH
Port ( CLK : in STD.LOGIC; — SYSTEM CLOCK
RST : in STD.LOGIC; — RESET BUTTON
DEVICE : in INTEGER; — DEVICE NUMBER
DATA : in STD.LOGIC.VECTOR (d-width—1 downto 0); —DATA VECTOR
SEND : in STD_LOGIC; — SEND SIGNAL
SDATA : out STD_LOGIC; — SPI DATA OUTPUT
SCK : out STD.LOGIC; — SPI CLOCK
SS : out STD.LOGIC.VECTOR (slaves—1 downto 0); —SLAVE SELECT
LOADDAC : out STD.LOGIC; — LOAD DAC CONTROL
LED : OUT STD_LOGIC_.VECTOR (7 DOWNTO 0)); —LED DISPLAY

end component SPIIFACE;

SIGNAL RST : STD_LOGIC;

SIGNAL PRESS : STD.LOGIC;

SIGNAL SELECTION : INTEGER RANGE 0 TO 2;

— Defining state signals

TYPE state IS (RST.STATE, STDBY, ADC, BLCTRL, SCTRL, MSB, LSB, E_STATE);

signal curr_state, next_state: state;

— Defining the Display signals.
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signal disp_val : STD_LOGIC.VECTOR (15 DOWNTO 0);
signal disp_clk, disp-rst, disp-refresh : std_logic;
signal disp_seg7 : std_logic_.vector (6 downto 0);
signal disp-len : std_-logic.-vector (3 downto 0);

— Definition of SPI signals

signal spi_clk, spi-rst, spi-send: std.logic;
signal spi.device : INTEGER;

signal spi.data: std_logic-vector(15 downto 0);
signal spi_sdata, spi-sck, spi_-loaddac: std.logic;
signal spi_ss : std_logic_vector (2 downto 0);
signal spi_-led : std_logic-vector (7 downto 0);

— Defining Button Signals

signal EnterS, UpS, DownS, LeftS, RightS : std_logic;
signal SEL : INTEGER RANGE 0 TO 2;

— Defining a Buttons vector for ease of handeling Ther order is Enter, Up, Down, Left,
signal Buttons : std_logic.-vector(4 downto 0);
begin
Disp:
component HexDisplay
Port Map( Value => disp-val,
CLK => disp-clk,
RST = disp-rst,
Refresh => disp.refresh,
Seg => disp_seg7,
DEN => disp.len
)s
spi:
component SPIIFACE
Generic map(
slaves =>3, — SLAVE NUMBER
spiclkdiv =>10, — CLOCK DIVIDER
d_width =>16
)
Port map ( CLK => spi-clk,
RST => spi.rst,
DEVICE => spi.device,
DATA => spi_data,
SEND => spi_send,
SDATA => spi_sdata,
SCK => spi_sck,
SS => spi-ss,
LOADDAC => spi.loaddac,
LED => spi.-led

)3
— RST SIGNAL IS WHEN UP, DOWN AND ENTER IS PRESSED AT THE SAME TIME.

RST<=UP AND DOWN AND ENTER;
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— GENERAL SIGNAL CONFIGURATIONS.
disp.rst <=RST;

spi-rst <=RST;

disp-clk<=clk;

spi-clk<=clk;

CLKP<=CLK;

CLKM<=NOT(CLK) ;

— configuring outputs
segment7<=disp_seg7;
LEN<=disp.len;
SDATA<=spi_sdata;
SCK<=spi_sck;
SS<=spi.ss;
LOADDAC<=spi-loaddac ;
—LED<=spi_led;

— State changer
PROCESS(CLK, RST)
VARIABLE COUNT : INTEGER RANGE 0 TO Mclkdiv;

BEGIN
IF RST="1" THEN
curr_state <= RST_STATE;
COUNT:=0;
ELSIF RISING_EDGE (CLK) THEN
If COUNT = Mclkdiv THEN
curr_state <=next.state;
COUNT:=0;
ELSE
COUNT:=COUNT+1;
END IF;
END IF;
END PROCESS;

— States definition
PROCESS(curr_state , LeftS, RightS, UpS, DownS, EnterS)
—variable sel : integer range 0 to 2:=0;
BEGIN
—spi_device<=sel;
CASE curr_state IS
WHEN RST_STATE=>
next_state <=STDBY;
WHEN STDBY=>
IF EnterS ='1" THEN
next_state <=ADC;
ELSE
next_state <=curr_state ;
END IF;
WHEN ADG=>
IF UpS ="1" THEN
next_state <=SCTRL;
ELSIF DownS =1’ THEN
next_state <=BLCTRL;
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ELSIF EnterS="1" THEN
next_state << SB;
—sel:=2;

ELSE
next_state <=curr_state;

END IF;

WHEN BLCTRL=>

IF UpS ='1" THEN
next_state <sADC;

ELSIF DownS ='1' THEN
next_state <=SCTRL;

ELSIF EnterS='1" THEN
next_.state <<LSB;

—sel:=0;
ELSE
next_state <=curr_state;
END IF;
WHEN SCTRL=>

IF UpS ='1" THEN
next_state <=BLCTRL;

ELSIF DownS ='1’ THEN
next_state <sADC;

ELSIF EnterS='1" THEN
next_state << SB;

—sel:=1;
ELSE
next_state <=curr_state ;
END IF;
WHEN MSB=>

IF UpS="1" THEN
next_state <= STDBY;
ELSIF RightS="1" THEN
next_state <= LSB;
ELSIF EnterS="1" THEN
next_state <= E.STATE;
ELSE
next_state <=curr_state;
END IF;
WHEN LSB=>
IF UpS="1" THEN
next_state <= STDBY;
ELSIF LeftS="1" THEN
next_state <sMSB;
ELSIF EnterS="1" THEN
next_state <= E_STATE;
ELSE
next_state <=curr_state;
END IF;
WHEN E_STATE=>
next.state <=STDBY;
WHEN OTHERS=>
next_state <=curr_state;
END CASE;
END PROCESS;

— KNOWING IF A BUTTON IS PRESSED
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PRESS<=ENTER OR UP OR DOWN OR LEFT OR RIGHT;

EnterS<=Buttons (4);
UpS<=Buttons (3);

DownS<=Buttons (
LeftS<=Buttons (

RightS<=Buttons (

PROCESS(CLK, curr_state, RST, PRESS, UP, DOWN, LEFT, RIGHT, ENTER)

VARIABLE ispush
VARIABLE bstate

s

)s

std_logic;
state;

VARIABLE COUNT : INTEGER RANGE 0 TO 10000;

BEGIN
IF RST="1" THEN
ispush:="0";
Buttons<="00000";
bstate:=curr_state;
COUNT:=0;
ELSIF RISING_EDGE(CLK) THEN
IF PRESS="1" AND ispush="0" THEN
IF Enter="1" THEN
Buttons<="10000";
ELSIF Up="1" THEN
Buttons<="01000";
ELSIF Down='1" THEN
Buttons<="00100";
ELSIF Left='1" THEN
Buttons<="00010";
ELSIF Right="1" THEN
Buttons <="00001";
END IF;
ispush:="1";
bstate:=curr_state;
ELSIF PRESS="1" AND ispush='1" AND bstate /= curr_state THEN
Buttons <="00000";
ELSIF PRESS="0" THEN
IF COUNT=10000 THEN
ispush:="0";
Buttons<="00000";
COUNT:=0;
ELSE
COUNT:=COUNT+1;
END IF;
END IF;
END IF;
END PROCESS;

— DISPLAY CONTROL ACCORDING THE CURRENT STATE
PROCESS(curr_state , SW)
VARIABLE buff: STD_LOGIC_.VECTOR(15 DOWNTO 0);
BEGIN
CASE curr_state IS
WHEN RST_STATE=>
buff:=(OTHERS =>'0");
disp-refresh <="0";
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disp_val<=x"0000";
spi-data<=buff;
WHEN STDBY=>
disp-refresh <="1";
buff:=(OTHERS =>'0");
disp_val <=x"ABCD" ;
spi-data<=buff;
WHEN ADC=>
buff:=x"0000";
disp-val<=x"0ADC” ;
disp.refresh <="1";
spi-data<=buff;
WHEN SCTRL=>
buff:=x"0000";
disp_val<=x"51C1";
disp.refresh <="1";
spi-data<=buff;
WHEN BLCTRL=>
buff:=x"0000";
disp_val<=x"B1C1";
disp.refresh <="1";
spi-data<=buff;
WHEN MSB =>
buff:=buff AND x”00FF”;
buff(15 downto 8):=SW;
disp.val<=buff;
disp-refresh <="1";
spi-data<=buff;
WHEN LSB =>
buff:=buff and x”FF00”;
buff(7 downto 0):=SW;
disp-val<=buff;
disp.-refresh <="1";
spi-data<=buff;
WHEN E_STATE =>
disp.val<=buff;
disp-refresh <="1";
spi-data<=buff;
WHEN OTHERS=>
buff:=x"0000";
disp_val <=x"EEEE";
spi.data<=buff;
END CASE;
END PROCESS;

— SPI DEVICE SELECTION AND SEND SIGNAL

spi_device<= 0 WHEN curr_state=RST_STATE else
0 WHEN curr_state=BLCTRL else
1 WHEN curr_state=SCTRL else
2 WHEN curr_state=ADC else

spi-device;

spi-send<= 1’ WHEN curr_state=E_State else
0
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— REDUNDANCE LED

LED(2 DOWNTO 0)<= "001” WHEN spi_device=0 else
”010” WHEN spi_device=1 else
”100” when spi-device=2 else
"1117;

LED(7 downto 3)<= "00000";

end Behavioral;

Componente Hex Display

— Company:
— Engineer:

— Create Date: 17:07:51 06/10/2014

— Design Name:

— Module Name: HexDisplay — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :

— Dependencies :

— Revision:

— Revision 0.01 — File Created

— Additional Comments:

library IEEE;
use |[EEE.STD_LOGIC.1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
use |[EEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM. VComponents. all ;

entity HexDisplay is
GENERIC (CDIVIDER : INTEGER :=1000);
Port ( Value : in STD.LOGIC.VECTOR (15 downto 0);

Refresh : in STD_LOGIC;
Seg : out STD.LOGIC.VECTOR (6 downto 0);
DEN : out STD.LOGIC.VECTOR (3 downto 0);
CLK : in STD.LOGIC;
RST : in STD.LOGIC);

end HexDisplay;

architecture Behavioral of HexDisplay is
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TYPE STATE IS (RSTSTATE, UM, UC, UD, UU, CLEAN);

signal curr_state, next.state : STATE;

signal DEN_SIG : STD_LOGIC.VECTOR (3 DOWNTO 0);
signal BCD, M, C, D, U : INTEGER RANGE 0 TO 16;
begin

PROCESS(CLK, RST)
VARIABLE COUNT : INTEGER RANGE 0 TO CDIVIDER :=0;
BEGIN
IF RST="1" THEN

curr_state <=RSTSTATE;
elsif rising_edge (CLK) THEN

IF COUNT = CDIVIDER THEN

curr_state <=next_state;

COUNT:=0;
ELSE
COUNT:=COUNT+1;
END IF;
END IF;
END PROCESS;

PROCESS(curr_state , Value)
BEGIN
CASE curr_state IS
WHEN RSTSTATE=>
next_state <4M;
WHEN UM=>
next_state <<UC;
WHEN UC=>
next_state <2UD;
WHEN UD=>
next_state <2UU;
WHEN UU=>
next_state <=CLEAN;
WHEN CLEAN=>
next.state <4M;
WHEN OTHERS =>
next.state <=RSTSTATE;
END CASE;
END PROCESS;

WITH curr_state SELECT
BCD<= M WHEN UM,
C WHEN UC,
D WHEN UD,
U WHEN UU,
16 WHEN CLEAN,
0 WHEN OTHERS;

PROCESS (RST,REFRESH, VALUE)

BEGIN

IF RST ='1" THEN
M<=0;
C<=0;
D<=0;
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U<=0;

ELSIF Refresh="1" THEN
M<=(to.integer (unsigned(Value)) MOD 65536)/4096;
C<=(to-integer (unsigned(Value)) MOD 4096)/256;
D<=(to-integer ( ( ) MOD 256)/16;
U<=( ( ( ) MOD 16);

END IF;

END PROCESS;

unsigned (Value)

to_integer (unsigned(Value)

WITH curr_state SELECT

DEN_SIG<= "1111” WHEN RSTSTATE,
"0111” WHEN UM,
”1011” WHEN UC,
"1101” WHEN UD,
"1110” WHEN UU,
"1111” WHEN OTHERS;

DEN<=DEN_SIG;

PROCESS (BCD)

BEGIN

case bcd is
when 0=> Seg <="1000000"; — 'O’
when 1=> Seg <="1111001"; — '1°’
when 2=> Seg <="0100100"; — 2’
when 3=> Seg <="0110000"; — 3’
when 4=> Seg <="0011001"; — '4’
when 5=> Seg <="0010010"; — ’5”
when 6=> Seg <="0000010"; — '6°’
when 7=> Seg <="1111000"; — '7’
when 8=> Seg <="0000000"; — '8’
when 9=> Seg <="0010000"; — '9°’
—nothing is displayed when a number more than 9 is given as input.
— Distribution ———ABCDEFG———
when 10=> Seg <="0001000"; — 'A’
when 11=> Seg <="0000011"; — ’'B’
when 12=> Seg <="1000110"; — °'C’
when 13=> Seg <="0100001"; — 'D’
when 14=> Seg <="0000110"; — 'E’
when 15=> Seg <="0001110"; — ’'F’
when others=> Seg <="1111111";

end case;

END PROCESS;

end Behavioral;

Componente SPIIFACE
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— Company : UNIVERSIDAD DE SAN CARLOS DE GUATEMALA
— Engineer: LUIS GUILLERMO GARCIA ORDONEZ

— Create Date: 22:58:23 01/24/2014
— Design Name: SPI INTERFACE FOR LAGO-GUATEMALA ACQUISITION BOARD
— Module Name: TOP — Behavioral

— Project Name: LAGO-GUATEMALA DIGITALIZER

— Target Devices: ADS5500(DEVICE 2), TLV5614(16)(DEVICE 1), DAC7614 (DEVICE 0)

— Tool versions:

— Description :

— THIS MODULE BRINGS A COMUNICATION INTERFACE FOR THE SPI DEVICES ON LAGO-GUATEMALA BOARD.

— Works with SPIMaster module.

— Dependencies :

— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library I|EEE;
use |[EEE.STD_LOGIC_1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM. VComponents. all ;

entity SPIIFACE is

Generic (
slaves : INTEGER :=3; — SLAVE NUMBER
spiclkdiv : INTEGER :=10; — CLOCK DIVIDER
d_width : INTEGER :=16); — DATA WIDTH
Port ( CLK : in STD.LOGIC; — SYSTEM CLOCK
RST : in STD.LOGIC; — RESET BUTTON
DEVICE : in INTEGER; — DEVICE NUMBER
DATA : in STD_LOGIC.VECTOR (d.width—1 downto 0); —DATA VECTOR
SEND : in STD_LOGIC; — SEND SIGNAL
SDATA : out STD.LOGIC; — SPI DATA OUTPUT
SCK : out STD.LOGIC; — SPI CLOCK
SS : out STDLOGIC.VECTOR (slaves—1 downto 0); —SLAVE SELECT
LOADDAC : out STD._LOGIC; — LOAD DAC CONTROL
LED : OUT STD_LOGIC.VECTOR (7 DOWNTO 0)); —LED DISPLAY
end SPIIFACE;

architecture Behavioral of SPIIFACE is

COMPONENT spi-master IS
GENERIC (
slaves : INTEGER := slaves; —number of spi slaves
d-width : INTEGER := d._width); —data bus width
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PORT(

clock :IN STD_LOGIC; —system clock

reset.n : IN STD_LOGIC; —asynchronous reset
enable : IN STD_LOGIC; —initiate transaction
cpol : IN STD_LOGIC; —spi clock polarity

cpha . IN STD.LOGIC; —spi clock phase

cont . IN STD_LOGIC; —continuous mode command
clk-div : IN INTEGER; —system clock cycles per 1/2 period of sclk
addr : IN INTEGER; —address of slave

tx_data : IN STD_LOGIC.VECTOR(d_width—1 DOWNTO 0); —data to transmit

miso : IN STD_LOGIC; —master in, slave out
sclk : inout STD_LOGIC; —spi clock

ss_n : inout STD_LOGIC_VECTOR(slaves—1 DOWNTO 0); —sl/ave select

mosi : OUT STD_LOGIC; —master out, slave in
busy : OUT STD_LOGIC; —busy / data ready signal

rx_data : OUT STD_LOGIC_VECTOR(d_width—1 DOWNTO 0)); —data received
END COMPONENT spi_-master;

signal spiphase, spiflank, spicontmod, greset, spien : std_logic;
signal spiaddr : INTEGER;
signal spidata : STD_LOGIC_VECTOR(d_-width—1 DOWNTO 0);

—Definiendo las salidas del spi

signal spiclock : std_logic;

signal slavesel : std_logic.vector (slaves—1 downto 0);
signal sdat : std_logic;

signal busysignal : std_logic;

signal test_signal: std_logic;

TYPE ESTADO IS (STDBY, WAIT1, WAIT2, WAIT3, ENVIA);

signal wiout, w2out, w3out : std_logic;

signal next.state, curr_state : ESTADO;
begin

—Informacion del SPl y sus condiciones segun dispositivo.

—BASESEL DEVICE 0
—SLOWCTRL DEVICE 1
—ADC DEVICE 2

spiaddr <=DEVICE;

—Definiendo el flanco de control del spi.
— DEVICE 0 SPI.DATA.READ ON RISING.EDGE
— ELSE SPI.DATA_.READ ON FALLING.EDGE

— Modificado 24/01/2014 22:12

—spiflank<= '0’ when device = 0 else

— 1

spiphase<= '1’ when device = 0 else
0

— Fin Modificacion
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—Definiendo la fase en 0 y modo continuo de envio.
— Modificado 24/01/2014 22:12

—spiphase <="1’;

spiflank <="1";

— Fin Modificacion

spicontmod <="0";

spi_1: spi_master

PORT MAP(
clock => CLK,
reset.n => not(greset),
enable => spien,
cpol => spiflank,
cpha => spiphase,
cont => spicontmod,
clk_div => spiclkdiv ,
addr => spiaddr,
tx_data => spidata,
miso = 0",
sclk => spiclock,
ss.n => slavesel,
mosi => SDAT,
busy => busysignal,
rx-data => open
)3
— SPI OUTPUTS
spidata <=DATA;
SDATA<=SDAT;

SCK<=spiclock;
SS<=slavesel;
LED(0)<=busysignal;

LED(7 DOWNTO 1)<="0000000";

PROCESS(CLK, RST, next_state)

BEGIN
IF RST="1" THEN
greset <="1";
curr_state <=stdby;
elsif rising_edge(clk) then
greset <="0";
curr_state <=next_state;
end if;
END PROCESS;

PROCESS(CURR.STATE, SEND, DEVICE, W1OUT, W20UT, W30OUT, BUSYSIGNAL)
BEGIN
CASE CURR.STATE IS
WHEN STDBY =>
IF SEND="1" AND BUSYSIGNAL="0" THEN
IF DEVICE=0 OR DEVICE=1 THEN
NEXT_STATE<=WAIT1;
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END PROCESS;

ELSE
NEXT_STATE<=ENVIA;
END IF;
ELSE
NEXT_STATE<=STDBY;
END IF;
WHEN WAIT1 =>
IF WIOUT="1" then
NEXT_STATE<=ENVIA;
ELSE
NEXT_STATE<=WAIT1;
end if;
WHEN ENVIA =>
IF DEVICE=0 OR DEVICE=1 THEN
NEXT_STATE<=WAIT2;
ELSE
NEXT_STATE<=STDBY
END IF;
WHEN WAIT2 =>
IF W20UT="1" then
NEXT_STATE<=WAIT3;
ELSE
NEXT_STATE<=WAIT2;
END IF;
WHEN WAIT3 =>
IF W30UT="1" THEN
NEXT_STATE<=STDBY
ELSE
NEXT_STATE<=WAIT3;
END IF;
END CASE;

PROCESS(CURR.STATE, CLK, BUSYSIGNAL)
variable counter :integer;

BEGIN

if rising.edge (CLK) then
CASE CURR.STATE IS

WHEN STDBY =>
WIOUT<="0";
W20UT<="0";
W30UT<="0";
counter:=0;
spien <='0";
LOADDAC<="0";
WHEN WAIT1 =>
LOADDAC< ="1";
if counter=spiclkdiv then

counter:=0;

WIOUT<="1";
ELSE
counter:=counter+1;
END IF;
WHEN ENVIA =>
spien <="1";

WHEN WAIT2 =>
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spien <="0";
IF COUNTER=spiclkdiv then
counter:=0;
W20UT<="1";
ELSIF BUSYSIGNAL='0" THEN
COUNTER:=COUNTER+1;
END IF;
WHEN WAIT3 =>
LOADDAC<="0";
IF COUNTER=spiclkdiv then
counter:=0;
W30UT<="1";
ELSIF BUSYSIGNAL="0" THEN
COUNTER:=COUNTER+1;
END IF;
END CASE;
end if;
END PROCESS;

end Behavioral;

Sub componente SPIMaster

—  FileName: spi-master.vhd
—  Dependencies : none
— Design Software: Quartus |l Version 9.0 Build 132 SJ Full Version

—  HDL CODE IS PROVIDED "AS IS.” DIGI-KEY EXPRESSLY DISCLAIMS ANY

—  WARRANTY OF ANY KIND, WHETHER EXPRESS OR IMPLIED, INCLUDING BUT NOT
—  LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
—  PARTICULAR PURPOSE, OR NON-INFRINGEMENT. IN NO EVENT SHALL DIGI-KEY
—  BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT OR CONSEQUENTIAL

—  DAMAGES, LOST PROFITS OR LOST DATA, HARM TO YOUR EQUIPMENT, COST OF
—  PROCUREMENT OF SUBSTITUTE GOODS, TECHNOLOGY OR SERVICES, ANY CLAIMS
—  BY THIRD PARTIES (INCLUDING BUT NOT LIMITED TO ANY DEFENSE THEREOF),
—  ANY CLAIMS FOR INDEMNITY OR CONTRIBUTION, OR OTHER SIMILAR COSTS.

— Version History

— Version 1.0 7/23/2010 Scott Larson

— Initial Public Release

— Version 1.1 4/11/2013 Scott Larson

— Corrected ModelSim simulation error (explicitly reset clk_toggles signal)

LIBRARY ieee;

USE ieee.std_logic-1164.all;
USE ieee.std_logic.arith.all;
USE ieee.std_logic-unsigned.all;

ENTITY spi-master IS
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GENERIC

slaves : INTEGER := 3; —number of spi slaves
d_width : INTEGER := 16); —data bus width

PORT(
clock . IN STD_LOGIC; —system clock
reset.n : IN STD.LOGIC; —asynchronous reset
enable : IN STD_LOGIC; —initiate transaction
cpol : IN STD_LOGIC; —spi clock polarity
cpha :IN STD_LOGIC; —spi clock phase
cont : IN STD_LOGIC; —continuous mode command
clk_div : IN INTEGER; —system clock cycles per 1/2 period of sclk
addr . IN INTEGER; —address of slave
tx_data : IN STD_LOGIC.VECTOR(d_width—1 DOWNTO 0); —data to transmit
miso : IN STD_LOGIC; —master in, slave out
sclk : inout STD_LOGIC; —spi clock
ss_n : inout STD_LOGIC_VECTOR(slaves—1 DOWNTO 0); —slave select
mosi : OUT STD_LOGIC; —master out, slave in
busy : OUT STD_LOGIC; —busy / data ready signal

rx.data : OUT STD_LOGIC.VECTOR(d_width—1 DOWNTO 0)); —data received
END spi_master;

ARCHITECTURE logic OF spi-master IS

TYPE machine IS(ready, execute); —state machine data type
SIGNAL state : machine; —current state
SIGNAL slave : INTEGER; —slave selected for current transaction
SIGNAL clk_ratio : INTEGER; —-current clk_div
SIGNAL count : INTEGER; —counter to trigger sclk from system clock
SIGNAL clk_-toggles : INTEGER RANGE 0 TO d_width*2 + 1; ——count spi clock toggles
SIGNAL assert.data : STD.LOGIC; — 1" is tx sclk toggle, ‘0’ is rx sclk toggle
SIGNAL continue : STD.LOGIC; —flag to continue transaction
SIGNAL rx_buffer : STD_LOGIC_VECTOR(d_width—1 DOWNTO 0); —receive data buffer
SIGNAL tx_buffer : STD_LOGIC.VECTOR(d-width—1 DOWNTO 0); —transmit data buffer
SIGNAL last_bit-rx : INTEGER RANGE 0 TO d_width =2; —last rx data bit location
BEGIN
PROCESS(clock, reset.n)
BEGIN
IF(reset.n = '0’) THEN —reset system

busy <= '17; —set busy signal

ss.n <= (OTHERS => °'1°); —deassert all slave select lines

mosi <= 'Z’; —set master out to high impedance

rx_data <= (OTHERS => '0’); —clear receive data port
state <= ready; —go to ready state when reset is exited

ELSIF (clock 'EVENT AND clock = '1') THEN
CASE state IS —state machine

WHEN ready =>

busy <= '0’; —oclock out not busy signal

ss_.n <= (OTHERS => '1’); —set all slave select outputs high
mosi <= 'Z’; —set mosi output high impedance
continue <= '0’; —oclear continue flag

—user input to initiate transaction
IF (enable = '1’) THEN
busy <= '17; —set busy signal
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IF (addr < slaves) THEN —check for valid slave address

slave <= addr; —clock in current slave selection if valid
ELSE

slave <= 0; —set to first slave if not valid
END IF;
IF(clk_-div = 0) THEN —check for valid spi speed

clk_ratio <= 1; —set to maximum speed if zero
count <= 1;
ELSE

clk_ratio <= clk_div;

—initiate system—to—spi clock counter

if valid
—initiate system—to—spi clock counter

—set to input selection
count <= clk.div;

END IF;

sclk <= cpol; —set spi clock polarity

assert.data <= NOT cpha; —set spi clock phase

tx_buffer <= tx_data; —clock in data for transmit into buffer

clk_toggles <= 0; —initiate clock toggle counter

last_bit-rx <= d-width%2 + conv_.integer(cpha) — 1; —set last rx data bit

state <= execute; —proceed to execute state

ELSE
state <= ready;
END IF;

WHEN execute =>
busy <= ’17;
ss_n(slave) <=

—system clock to sclk ratio

—set

'0’; —set

—remain in ready state

busy signal

proper slave select output

is met

IF(count = clk_ratio) THEN
count <= 1; —reset system—to—spi clock counter
assert.data <= NOT assert.data; —switch transmit/receive indicator

IF(clk_toggles = d_width«2 + 1) THEN

clk-toggles <= 0; —reset spi clock toggles counter
ELSE
clk_toggles <=

END IF;

clk-toggles + 1; —increment spi clock toggles counter

—spi clock toggle needed
IF(clk_toggles <= d_width=2 AND ss_n(slave) = '0’) THEN
sclk <= NOT sclk; —toggle spi clock

END IF;

—receive spi clock toggle

IF (assert_.data = '0’ AND clk_toggles < last_bit_.rx + 1 AND ss_n(slave) =
rx_buffer <= rx_buffer(d_width—2 DOWNTO 0) & miso; —shift in received bit

END IF;

—transmit spi clock toggle

IF (assert.data = '1’ AND clk_toggles < last_-bit-rx) THEN
mosi <= tx_buffer (d-width —1);
tx_buffer <= tx_buffer(d-width—2 DOWNTO 0) & ’'0’; —shift data transmit buffer

END IF;

—clock out data bit

—Ilast data receive, but continue

IF(clk_toggles = last_bit_rx AND cont = ’'1’) THEN

tx_buffer <= tx_data; —reload transmit buffer

clk-toggles <= last_bit.rx — d-width*2 + 1; —reset spi clock toggle counter
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continue <= '1’; —set continue flag
END IF;

—normal end of transaction, but continue
IF (continue = ’1’) THEN

continue <= '0’; —clear continue flag
busy <= '0"; —clock out signal that first receive data is ready
rx.data <= rx_buffer; —clock out received data to output port

END IF;

—end of transaction

IF ((clk-toggles = d_-width%2 + 1) AND cont = '0’) THEN
busy <= '0’; —clock out not busy signal
ss_.n <= (OTHERS => '1’); —set all slave selects high

mosi <= 'Z’; —set mosi output high impedance
rx_data <= rx_buffer; —clock out received data to output port
state <= ready; —return to ready state
ELSE —not end of transaction
state <= execute; —remain in execute state
END IF;
ELSE —system clock to sclk ratio not met
count <= count + 1; —increment counter
state <= execute; —remain in execute state
END IF;
END CASE;
END IF;
END PROCESS;
END logic;

Fuente: elaboracion propia.
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C. Bloques VHDL implementados en la plataforma para

debugging

Modulo Top

— Company :
— Engineer:

— Create Date: 13:33:59 12/04/2014
— Design Name:

— Module Name: TOP — Struct

— Project Name:

— Target Devices:

— Tool versions:

— Description :
— Dependencies :
— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;

library UNISIM;

use |[EEE.STD_LOGIC_1164.ALL;
use UNISIM.vcomponents. all ;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—library UNISIM;

—use UNISIM. VComponents. all ;

entity TOP is
Port ( CLOCK : in STD_LOGIC;
RESET : in STD_LOGIC;
SEND : in STD_LOGIC;

CLKP : out STD.LOGIC;
CLKM : out STD_LOGIC;

ADCDATA : in STD.LOGIC.VECTOR (14 downto 0);

ADC.SINK : in STD.LOGIC;
RX : in STD._LOGIC;
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TX : out STD.LOGIC;

SDATA : out STD_LOGIC;

SCK : out STD.LOGIC;

SS : out STD.LOGIC.VECTOR (2 downto 0);

LOADDAC : out STD_LOGIC;

PWMOUT : out STD.LOGIC;

LED : out STD.LOGIC.VECTOR (7 downto 0);

DISP : out STD.LOGIC.VECTOR (7 downto 0);

AN : out STD.LOGIC.VECTOR (3 downto 0));
end TOP;

architecture Struct of TOP is

SIGNAL ADC.DAT : STD_LOGIC_.VECTOR(14 DOWNTO 0);
SIGNAL ADCSINK, ADCSINK.SIGNAL : STD.LOGIC;

SIGNAL CLKP_SIGNAL, CLKP_SIGNAL2, CLKM_SIGNAL, CLKM_SIGNAL2 :

SIGNAL CLK, RST : STD.LOGIC;

— DECLARANDO COMPONENTES

— UART RX
COMPONENT UART_RX
PORT(
CLK : IN std_logic;
RST : IN std_logic;
RX : IN std_logic;
DATA : OUT std_logic_vector (7 downto 0);
BUSY : OUT std-logic;
READY : OUT std.logic;
ERROR : OUT std_logic
)s
END COMPONENT;

TYPE UARTRx is

RECORD
DATA : std_-logic-vector(7 downto 0);
BUSY : std_logic;
READY : std_logic;
ERROR : std._logic;
END RECORD;

SIGNAL URX : UARTRx;

— DESERIALIZER
COMPONENT UART2REG
PORT(
CLK : IN std_logic;
RST : IN std_logic;
DATA : IN std_logic_-vector (7 downto 0);
READY : IN std-logic;
BUSY : IN std_logic;
OUTPUT : OUT std_logic_vector (23 downto 0);
DONE : OUT std-logic
)5
END COMPONENT;

STD_LOGIC;
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TYPE U2RRECORD IS

RECORD
OUTPUT : std_logic_-vector (23 downto 0);
DONE : std-logic;

END RECORD;

SIGNAL U2R : U2R.RECORD;

component CLK_GEN

port
(— Clock in ports
CLOCK :in std_logic;
— Clock out ports
CLK : out std_logic;
CLKP : out std_logic;
CLKM : out std_logic;
— Status and control signals
RST 1 in std_logic

)5

end component;

COMPONENT REGISTER.DRIVER

PORT(
CLK : IN std_logic;
RST : IN std_logic;
SENDBUTTON : IN std._logic;
REG.INPUT : IN std_logic_vector (23 downto 0);
REGDONE : IN std_logic;
SPI_DATA_SET : OUT std_logic_-vector(15 downto 0);
SPI.SEND : OUT std-logic;
FLANK : OUT std_logic;
DEVICE : OUT INTEGER;
LDAC : OUT std_logic;
SS_Data : OUT std_logic.vector (15 downto 0);
DEN : OUT std-logic-vector(3 downto 0);
BLINK : OUT std-logic_-vector (3 downto 0);
DOT : OUT std.logic.vector(3 downto 0);
VALUE : OUT std-logic-vector(15 downto 0);
CLKDIV : OUT INTEGER;
PWM.SEND : OUT std_logic;
THREASHOLD : OUT std-logic-vector (13 downto 0);
LED : OUT std._logic.vector (7 downto 0)
)s

END COMPONENT;

— Seven segments display

COMPONENT SSDisplay

PORT(
CLK : IN std_logic;
RST : IN std_logic;
Data : IN std_logic_vector(15 downto 0);
DEN : IN std_-logic-vector (3 downto 0);
BLINK : IN std_logic_vector(3 downto 0);
DOT : IN std-logic-vector (3 downto 0);
SS : OUT std_logic-vector (7 downto 0);
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En : OUT std._logic_vector (3 downto 0)
)s
END COMPONENT;

TYPE SevSeg.RECORD IS

RECORD
Data : std-logic-vector(15 downto 0);
DEN : std.logic_-vector (3 downto 0);
BLINK : std_logic-vector (3 downto 0);
DOT : std-logic-vector (3 downto 0);
END RECORD;

SIGNAL DISPLAY : SevSeg-RECORD;

—SPI COMPONENT

COMPONENT SPI.W_LD

PORT(
CLK : IN std.logic;
RST : IN std_logic;
DATA : IN std_logic-vector(15 downto 0);
SEND : IN std._logic;
FLANK : IN std_logic;
DEVICE : IN INTEGER;
LDAC : IN std_logic;
RLED : OUT std_logic;
SCK : OUT std.logic;
SDATA : OUT std._logic;
LOADDAC : OUT std.logic;
SS : OUT std._logic_vector (2 downto 0)
)s

END COMPONENT;

TYPE SPI.RECORD IS

RECORD

DATA : std_-logic-vector (15 downto 0);

SEND : std_logic;

FLANK : std_logic;

DEVICE : INTEGER;

LDAC : std_logic;

RLED : std-logic;

SCK : std_logic;

SDATA : std_logic;

LOADDAC : std-logic;

SS : std_logic.vector(2 downto 0);
END RECORD;

SIGNAL SPI : SPILRECORD;

—PWM CONTROL

COMPONENT PWM

PORT(
VALUE : IN std_logic_.vector (15 downto 0);
CLKDIV : IN integer;
SEND : IN std.logic;
CLK : IN std.logic;
RST : IN std_logic;
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VOUT : OUT std_logic
)s
END COMPONENT;

TYPE PWMRECORD IS

RECORD
VALUE : std_logic-vector(15 downto 0);
CLKDIV : integer;
SEND : std-logic;
VOUT : std_logic;
END RECORD;

SIGNAL PMWS : PWMRECORD;

COMPONENT DATA_SINK

PORT(
SINK.CLK : IN std_logic;
RST : IN std_logic;
SYS.CLK : IN std_logic;
DATA.IN : IN std_logic_-vector(14 downto 0);
THREASHOLD : IN std_logic_vector(13 downto 0);
TX : OUT std-logic
)s

END COMPONENT;

SIGNAL THR : STD_LOGIC.VECTOR(13 DOWNTO 0);
— FIN DECLARACION

begin

RST<= RESET;

— Definiendo los buffers de entrada y salida.

—Buffer del ADC y sus Overflow.
ADCbuff: for i in 0 to 14 GENERATE
begin

IBUF_.inst : IBUF port map(

=> ADCDATA(i),

O => ADC.DAT(i)

)s
end generate ADCbuff;

—Buffer del ADC_SINK
ADCSinkBuf: IBUFG port map(
| = ADC.SINK,
O => ADCSINK_SIGNAL
)s
ADCSinkbuf2: BUFG PORT MAP(
|=> ADCSINK_SIGNAL,

O=> ADCSINK
)3

CLKPBUF : BUFG port map(
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=> CLKP_SIGNAL,
O => CLKP_SIGNAL2
)3

ODDR2CLKP : ODDR2

port map (

Q => CLKP, — 71-bit output data

C0 => CLKP_SIGNAL2, — 1—bit clock input

C1 => NOT(CLKP_SIGNAL2), — 1—bit clock input

D0 => ’'1’, — 1—bit data input (associated with C0)
D1 == '0’, — 1-bit data input (associated with C1)

R => RST — 71—bit reset input
)3

CLKMBUF : BUFG port map(
=> CLKM_SIGNAL,
O => CLKM.SIGNAL2

)3

ODDR2CLKM : ODDR2

port map (

Q => CLKM, — 71-bit output data

CO0 => CLKM.SIGNAL2, — 1—bit clock input

C1 => NOT(CLKM_SIGNAL2), — 1—bit clock input

DO => '1’, — 1—bit data input (associated with C0)
D1 => ’'0’, — 1-bit data input (associated with C1)

R => RST — 1—bit reset input
)s

—INSTANTIATION OF COMPONENTS

clk_generator : CLK.GEN
port map
(— Clock in ports
CLOCK => CLOCK,
— Clock out ports
CLK => CLK,
CLKP => CLKP_SIGNAL,
CLKM => CLKM_SIGNAL,
— Status and control signals
RST => RST);

RxPort: UART.RX PORT MAP(
CLK => CLK,
RST => RST,
RX => RX,
DATA => URX.DATA,
BUSY => URX.BUSY,
READY => URX.READY,
ERROR => OPEN

)s

Deser: UART2REG PORT MAP(
CLK => CLK,
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RST => RST,
DATA => URX.DATA,
READY => URX.READY,
BUSY => URX.BUSY,
OUTPUT => U2R.OUTPUT,
DONE => U2R.DONE

)5

SPILD: SPI.W_LD PORT MAP(
CLK => CLK,
RST => RST,
DATA => SPI.DATA,
SEND => SPI.SEND,
FLANK => SPI.FLANK,
DEVICE => SPI.DEVICE,
LDAC => SPI.LDAC,
RLED => SPI.RLED,
SCK => SCK,
SDATA => SDATA,
LOADDAC => LOADDAC,
SS => S§§

SevSegDisplay: SSDisplay PORT MAP(
CLK => CLK,
RST => RST,
Data => DISPLAY.DATA,
DEN => display .den,
BLINK => display.blink,
DOT => display.dot,
SS => DISP,
En == AN
)3

PWM.dev: PAWM PORT MAP(
VALUE => PWVS.VALUE,
CLKDIV => PAWMS.CLKDIV,
SEND => PWMS. SEND,
CLK => CLK,
RST => RST,
VOUT => PWM.OUT

)3

ADCACQQ: DATA_SINK PORT MAP(
SINK_CLK => ADCSINK,
RST => RST,
SYS.CLK => CLK,
DATA_IN => ADC.DAT,
THREASHOLD => THR,
X => TX

DRIVER: REGISTER.DRIVER PORT MAP(
CLK => CLK,

139



RST => RST,

SENDBUTTON => SEND,
REG_INPUT => U2R.OUTPUT,
REG.DONE => U2R.DONE,
SPILDATA_SET => SPI.DATA,
SPI.SEND => SPI.SEND,
FLANK => SPI.FLANK,
DEVICE => SPI.DEVICE,
LDAC => SPI.LDAC,
SS_Data => display.data,
DEN => display .den,
BLINK => display.blink,
DOT => display.dot,
VALUE => PWMS.VALUE,
CLKDIV => PWMS.CLKDIV,
PWM.SEND => PWMS.SEND,
THREASHOLD => THR,

LED => LED

end Struct;

Modulo UART2REG

— Company :

— Engineer:

— Create Date: 16:53:08 11/25/2014
— Design Name:

— Module Name: UART2REG — Behavioral

— Project Name:
— Target Devices:
— Tool versions:

— Description :
— Dependencies :
— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |[EEE.STD_LOGIC.1164.ALL;



— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—library UNISIM;

—use UNISIM. VComponents. all ;

entity UART2REG is
Port ( CLK : in std_logic;
RST : in STD_LOGIC;
DATA : in STD_LOGIC.VECTOR(7 downto 0);
READY : in STD.LOGIC;
BUSY : in STD_LOGIC;
OUTPUT : out STD.LOGIC.VECTOR (23 downto 0);
DONE : out STD.LOGIC);
end UART2REG;

architecture Behavioral of UART2REG is

SIGNAL DATA.BUFF : STD_LOGIC_VECTOR(23 DOWNTO 0);
TYPE STATES IS (IDLE, W0, BO, Wi, B1, W2);

signal state : STATES;

begin

process(rst, clk)

begin

if rst="1" then
state <=IDLE;
DATA BUFF<=(OTHERS=>'0");
DONE<="1";

ELSIF rising_edge(clk) then
CASE state is
when idle =>
if ready="0" then

state <200;
DONE<="0";
else
state<=idle ;
end if;
when w0 =>

if ready="1" then
DATABUFF(23 downto 16)<=DATA;

state <=B0;
else
state <=w0;
end if;
when b0 =>
if ready="0" then
state <2W1;
else
state <=b0;
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end if;
when W1 =>
if ready="1" then
DATABUFF(15 DOWNTO 8)<=DATA;

STATE<=B1;
else
state <=w1;
END IF;
WHEN B1 =>
IF READY="0" THEN
STATE<=WVZ;
else
state <=B1;
END IF;
WHEN W2 =>

IF READY='1' THEN
DATA_BUFF (7 DOWNTO 0)<=DATA;

STATE<=IDLE;
DONE<="1";
else
STATE<=W2;
END IF;
END CASE;

OUTPUT<=DATA BUFF;

END IF;
end process;

end Behavioral;

Modulo UART TX CTRL

—_ UART_.TX.CTRL.vhd — UART Data Transfer Component

— Author: Sam Bobrowicz
— Copyright 2011 Digilent, Inc.

— This component may be used to transfer data over a UART device. It will
— serialize a byte of data and transmit it over a TXD line. The serialized

— data has the following characteristics :

— *9600 Baud Rate

— 8 data bits, LSB first

— «1 stop bit

— *no parity

— Port Descriptions:
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—— SEND — Used to trigger a send operation. The upper layer logic should
— set this signal high for a single clock cycle to trigger a

— send. When this signal is set high DATA must be valid . Should
— not be asserted unless READY is high.

— DATA — The parallel data to be sent. Must be valid the clock cycle
— that SEND has gone high.

— CLK — A 100 MHz clock is expected

—  READY — This signal goes low once a send operation has begun and

— remains low until it has completed and the module is ready to
— send another byte.

— UART.TX — This signal should be routed to the appropriate TX pin of the
— external UART device.

— Revision History:
— 08/08/2011(SamB): Created using Xilinx Tools 13.2

library I|EEE;
use |[EEE.STD_LOGIC_1164.ALL;
use IEEE.std_-logic_unsigned.all;

entity UART_TX.CTRL is
Port ( SEND : in STD.LOGIC;
DATA : in STD.LOGIC.VECTOR (7 downto 0);
CLK : in STD-LOGIC;
READY : out STD._LOGIC;
UART.TX : out STD.LOGIC);
end UART_TX.CTRL;

architecture Behavioral of UART_TX.CTRL is

type TXSTATE.TYPE is (RDY, LOAD.BIT, SEND.BIT);

—constant BIT.TMR.MAX : std_logic_vector(13 downto 0) := "10100010110000"; ——10416 = (round(100MHz / 9600)) — 1
constant BIT.TMR.MAX : std_logic.vector(13 downto 0) := "00001101100011"; —10416 = (round(100MHz / 115200)) — 1
constant BIT_INDEX_.MAX : natural := 10;

—Counter that keeps track of the number of clock cycles the current bit has been held stable over the
—UART TX line. It is used to signal when the ne
signal bitTmr : std_logic_vector(13 downto 0) := (others == '0’);

—combinatorial logic that goes high when bitTmr has counted to the proper value to ensure
—a 9600 baud rate

signal bitDone : std_logic;

—Contains the index of the next bit in txData that needs to be transferred
signal bitlndex : natural;

—a register that holds the current data being sent over the UART TX line
signal txBit : std_logic = '17;

—A register that contains the whole data packet to be sent, including start and stop bits.
signal txData : std_logic-vector(9 downto 0);
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signal txState : TX.STATE.TYPE := RDY;

begin

—Next state logic
next_txState_process : process (CLK)
begin
if (rising_edge (CLK)) then
case txState is
when RDY =>
if (SEND = '1’) then
txState <= LOAD.BIT;
end if;
when LOAD.BIT =>
txState <= SEND.BIT;
when SEND_BIT =>
if (bitDone = ’1’) then
if (bitlndex = BIT_INDEX_-MAX) then
txState <= RDY;
else
txState <= LOAD_BIT;
end if;
end if;
when others=> —should never be reached
txState <= RDY;
end case;
end if;
end process;

bit_-timing_process : process (CLK)
begin
if (rising-edge (CLK)) then
if (txState = RDY) then
bitTmr <= (others == '0’);

else
if (bitDone = ’'1’) then
bitTmr <= (others => '0’);
else
bitTmr <= bitTmr + 1;
end if;
end if;

end if;

end process;

bitDone <= '1’ when (bitTmr = BIT.TMR.MAX) else
0

bit_.counting_-process : process (CLK)
begin
if (rising-edge (CLK)) then
if (txState = RDY) then
bitindex <= 0;
elsif (txState = LOAD.BIT) then
bitindex <= bitlndex + 1;
end if;
end if;
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end process;

tx_.data-latch_process : process (CLK)
begin
if (rising_edge (CLK)) then
if (SEND = '1’) then
txData <= 1’ & DATA & '0°;
end if;
end if;
end process;

tx_-bit-process : process (CLK)
begin
if (rising_edge (CLK)) then
if (txState = RDY) then
txBit <= '17;
elsif (txState = LOAD.BIT) then
txBit <= txData(bitlndex);
end if;
end if;
end process;

UART.TX <= txBit;
READY <= ’1’ when (txState = RDY) else

0

end Behavioral;

Modulo UART RX

— Company :

— Engineer:

— Create Date: 17:52:15 11/09/2014
— Design Name:

— Module Name: UART.RX — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :

— Dependencies :

— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |IEEE.STD_LOGIC_1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
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—use IEEE.NUMERIC.STD.ALL ;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM. VComponents. all ;

entity UARTRX is
GENERIC( baud-rate : integer := 115200;
—parity_bit : integer range 0 to 1:=0;
stop.bits : integer range 0 to 3 := 1);
Port ( CLK : in STD.LOGIC;
RST : in STD.LOGIC;
RX : in STD_LOGIC;
DATA : out STD.LOGIC.VECTOR (7 downto 0);
BUSY : out STD.LOGIC;
READY : out STD_LOGIC;
ERROR : out STD_LOGIC);
end UART.RX;

architecture Behavioral of UARTRX is

—constant byte_number : integer := (9+stop.-bits+parity_bit);
constant byte_number : integer := (9+stop.bits);
constant clk_div : integer := 100000000/baud-rate;

signal byte_count : integer range 0 to byte_number;
signal clk_count : integer range 0 to clk.div —1;
signal data_signal : std_logic.vector(7 downto 0);
signal busy_signal, ready.signal, parity : std_logic;

type states is (start, receive, finish, idle);
signal state : states;

begin

process(clk, rst, rx)
begin
if rst="1" then
clk_count <=0;
byte_count<=byte_number;
data.signal<= (others=>'0");
busy_signal <="0";
ready_signal <="1";
parity <="0";
state <=idle;
elsif rising-edge(clk) then
case state is
when idle =>
byte_count <=0;
if rx="0" then
state <=start;
clk_count <=1;
busy_signal <="1";
ready_signal <='0";
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else
state<=idle;
clk_count <=0;
busy_signal <="0";
end if;
when start=>
byte_count <=0;
if clk.count= clk_-div—1 then
state<=receive;
byte_count <=1;
clk_count <=0;
else
state<=start;
clk_count<=clk_count+1;
end if;
when receive =>
if byte_.count<9 then
if clk.count = clk_div/2 then
data_signal (byte_count—1)<=rx;
parity <=parity xor rx;
clk_.count<=clk_count+1;
elsif clk_count=clk_div—1 then
byte_count<=byte_count+1;
clk_count <=0;

else
clk_count<=clk_count+1;
end if;
else
state<=finish;
Ready_signal <="1";
clk_count <=1;
end if;

when finish=>

if byte_count=byte_.number then
state<=idle ;

elsif clk_count=clk_div—1 then
byte_count<=byte_count+1;
clk_count <=0;

elsif clk_count=clk.div/2 then
busy_signal <='0";
clk_count<=clk_count+1;

else
clk_count<=clk_count+1;
end if;
when others =>
state<=idle;
end case;

end if;
end process;

busy<=busy_signal;

ready<=ready.signal;
data<=data_signal;
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end Behavioral;

Modulo SSPack

Package File Template

Purpose: This package defines supplemental types, subtypes,
— constants, and functions

To use any of the example code shown below, uncomment the lines and modify as necessary
library I|EEE;

use |[EEE.STD_LOGIC_1164. all;

package SSPack is

type <new_type> is

— record

<type-name> : std_logic-vector( 7 downto 0);
— <type_-name> : std-logic;
— end record;

subtype cuatro_bit is std_logic_.vector(3 downto 0);
subtype siete_bit is std_logic_vector (6 downto 0);
— Declare constants

constant <constant.name> : time := <time_unit> ns;
— constant <constant.name> : integer := <value;

— Declare functions and procedure

function <function.name> (signal <signal-name> : in <type.declaration>) return <type_declaration>;
— procedure <procedure_name> (<type.declaration> <constant.name> : in <type.declaration >);

FUNCTION bin2bcd (bin : cuatro-bit) RETURN siete_bit;
FUNCTION enable(den : integer range 0 to 3; en : cuatro_bit) return cuatro_bit;
end SSPack;

package body SSPack is

FUNCTION bin2bcd (bin : cuatro-bit) RETURN siete_bit IS

variable bcd : siete_bit := ”0000000";

BEGIN

case bin is
when x”0"=> becd :=71000000"; — 0’
when x”1"’=> bcd :="1111001"; 1’
when x"2"=> bcd :="0100100"; — 2’
when x”3”"=> bcd :="0110000"; — '3
when x"4"=> bcd :="0011001"; 4’
when x”5”=> bcd :="0010010"; — 5
when x”6"=> bcd :="0000010"; 6’
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when x”7”=> bed :="1111000"; — '7°

when x”8”=> bcd :=70000000"; — '8’
when x"9”=> bcd :="0010000"; — '9°’
—nothing is displayed when a number more than 9 is given as input.
— Distribution ABCDEFG
when x”A”=> bcd :=70001000"; — "A’
when x"B”=> bcd :=70000011"; — 'B’
when x"C"=> bcd :="1000110"; — 'C’
when x"D”=> bcd :=70100001"; — 'D’
when x"E"=> bcd :="0000110"; — 'E’
when x"F’=> bcd :="0001110"; — 'F’
when others=> bcd :="1111111";
end case;
return bcd;
END bin2bcd;
FUNCTION enable(den : integer range 0 to 3; en : cuatro-bit) return cuatro_bit is
variable ret :cuatro_bit :="0000";
begin
case den is
when 0 => ret:=en and "0001”;
when 1 => ret:=en and "0010";
when 2 => ret:=en and "0100";
when 3 => ret:=en and "1000";
end case;
return ret;
end enable;
—— Example 1

— function <function.name> (signal <signal_-name> : in <type_declaration> ) return <type_declaration> is
— variable <variable_.name> : <type_-declaration>;

— begin

— <variable_.name> := <signal-name> xor <signal-name>;

S return <variable_.name>;

— end <function.name >;

—— Example 2

— function <function.name> (signal <signal-name> : in <type.declaration>;

— signal <signal-name> :in <type_-declaration> ) return <type_declaration> is
— begin

— if (<signal-name> = ’'1°) then

— return <signal-name>;

— else

— return 'Z’;

— end if;

— end <function.name>;

——— Procedure Example

— procedure <procedure_.name> (<type_declaration> <constant.name> : in <type_declaration>) is

— begin

— end <procedure_.name>;

end SSPack;
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Modulo SSDisplay

— Company :
— Engineer:

— Create Date: 16:57:05 10/18/2014
— Design Name:

— Module Name: SSDisplay — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :
— Dependencies :
— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |IEEE.STD_LOGIC.1164.ALL;
use work.SSPack. all ;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM. VComponents. all ;

entity SSDisplay is
generic( clk.div : integer :=100000);
Port ( CLK : in std_logic;
RST : in std.-logic;
Data : in STD_LOGIC.VECTOR (15 downto 0);
DEN : in STD_LOGIC.VECTOR (3 downto 0);
BLINK : in STD.LOGIC.VECTOR (3 downto 0);
DOT : in STD.LOGIC.VECTOR (3 downto 0);
SS : out STD.LOGIC.VECTOR (7 downto 0);
En : out STD.LOGIC.VECTOR (3 downto 0));
end SSDisplay;

architecture Behavioral of SSDisplay is

type display is
record
value : std_-logic.-vector(3 downto 0);
display : std_logic.vector(7 downto 0);
enable : std_logic_vector(3 downto 0);
end record;
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signal d1 : display;

constant rst_disp : display := ( value => (others = '0’),

display => (others =

enable => (others

type displays is array (3 downto 0) of display;

signal d : displays;
constant rst_displays : displays :=(others => rst_disp);

signal d_count : integer range 0 to 3;

signal blink_clk : std_logic_-vector(3 downto 0);

begin

process(clk, rst)
variable count : integer range 0 to clk_div —1;
variable blink_count :integer range 0 to 100;

begin

if rst="1" then
d-count <=0;
count:=0;

d<=rst_displays;
blink_clk <="0000";

elsif rising_edge(clk) then
if count=clk_div—1 then
count:=0;
if d_count<3 then
d_count<=d_count+1;
else
d_count <=0;
blink_count:=blink_count+1;
end if;
if blink_.count =100 then
blink_clk <=not(blink_clk);
blink_count:=0;

end if;
else

count:=count+1;
end if;

d(d_count).value<=Data((3+4xd_count) downto (0+4xd_count));
d(d-count).display<=not(Dot(d-count)) & bin2bcd(Data((3+4xd_-count) downto (0+4xd_count)));
d(d_count).enable<=enable(d_count, DEN);

end if;

end process;

process(d, d.count, blink)
begin
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SS<=d(d_count).display;
En<=not(d(d-count).enable) xor (enable(d_count, blink) and blink_clk);
end process;

end Behavioral;

Modulo REGISTER DRIVER

— Company :

— Engineer:

— Create Date: 18:54:13 11/16/2014

— Design Name:

— Module Name: REGISTER.DRIVER — Behavioral

— Project Name:
— Target Devices:
— Tool versions:
— Description :

— Dependencies :

— Revision:

— Revision 0.01 — File Created

— Additional Comments:

library I|EEE;
use |[EEE.STD_LOGIC.-1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM. VComponents. all ;

entity REGISTER.DDRIVER is
Generic (Reg-length : integer:= 23; BUSLENGTH :INTEGER := 15);
Port ( CLK : IN STD_LOGIC;
RST : IN STD.LOGIC;
SENDBUTTON : IN STD_LOGIC;

—UART INPUT
REG.INPUT : IN STD_LOGIC.VECTOR (REG.LENGTH DOWNTO 0);
REG_.DONE : IN STD_LOGIC;
—SPI OUTPUTS

SPI_DATA_SET : out STD.LOGIC.VECTOR(BUSLENGTH DOWNTO 0);
SPI_SEND : out STD_LOGIC;

FLANK : out STD_LOGIC;

DEVICE : out INTEGER;

LDAC : out STD_LOGIC;
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—SEVEN SEGMENTS DISPLAY
SS_Data : out STD.LOGIC.VECTOR (BUS.LENGTH downto 0);
DEN : out STD.LOGIC.VECTOR (3 downto 0);
BLINK : out STD.LOGIC.VECTOR (3 downto 0);
DOT : out STD.LOGIC.VECTOR (3 downto 0);
—Pm
VALUE : out STD.LOGIC.VECTOR (BUS.LENGTH downto 0);
CLKDIV : out integer;
PWMSEND : out STD.-LOGIC;
—THREASHOLD
THREASHOLD : out STD_LOGIC_VECTOR(13 DOWNTO 0);
LED : OUT STD.LOGIC.VECTOR(7 DOWNTO 0)

end REGISTERDRIVER;

architecture Behavioral of REGISTERDRIVER is

—Defining register values

SIGNAL ADD : STD_LOGIC.VECTOR(7 DOWNTO 0);

signal GPR : STD.LOGIC.VECTOR(15 DOWNTO 0);

—SPI REGISTER ADDRESS

constant SPI.LDATA : STD_LOGIC.VECTOR(7 DOWNTO 0) := x"10”; —TWO BYTE WAITING

constant SPILINFO : STD_LOGIC.VECTOR(7 DOWNTO 0) := x"11”; —ONE BYTE WAITING
signal SPI.CONF : STD_LOGIC_VECTOR(7 DOWNTO 0);
—REGISTER CONFIGURATION

—7 FLANK

—6 LOAD DAC

—5 AUTO SEND, 1 AUTO, 0 MANUAL
—4,3 —NI

—2—-0 DEVICE

TYPE SPI_DEVICE IS
RECORD
DATA : STD_LOGIC_VECTOR(15 DOWNTO 0);
SEND : STD.LOGIC;
FLANK : STD_LOGIC;
DEVICE : INTEGER;
LDAC : STD_LOGIC;
END RECORD;
signal SPI : SPI_.DEVICE;

—PWM REGISTERS

CONSTANT PWMDATA : STD_LOGIC.VECTOR (7 DOWNTO 0) := x"20"; —TWO BYTE WAITING
CONSTANT PWMREG : STDLOGIC.VECTOR (7 DOWNTO 0) := x"21"; —ONE BYTE WAITING
signal PWM.CONF : STD_LOGIC.VECTOR (7 DOWNTO 0);

—7 on—off bit

—2-0 clk-div

TYPE PWMDDEVICE IS

RECORD
VALUE : STD_LOGIC.VECTOR (15 downto 0);
CLKDIV : integer;
SEND : STD_LOGIC;
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END RECORD;
SIGNAL PAWM : PWM_DEVICE;

—SET THREASHOLD
CONSTANT THRREG : STD_LOGIC_.VECTOR(7 DOWNTO 0):=x"30"; —TWO BYTE WAITING

SIGNAL ADDRESS, RDATAO, RDATA1 : STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL BYTE_WAITING : INTEGER RANGE 0 TO 2;

SIGNAL THR : STD_LOGIC_.VECTOR(13 DOWNTO 0);
begin

ADD<= REG.INPUT(23 DOWNTO 16) WHEN REG.DONE="1" ELSE (OTHERS=>'Z");
GPR<=REG.INPUT(15 DOWNTO 0) WHEN REGDONE="1" ELSE (OTHERS=>'Z');

—Configuring SPIl in the output
process (ADD, RST, clk)
begin
if RST="1" THEN
SPI.DATA<=(OTHERS=>'0");
SPI_.CONF<=(OTHERS=>"0");
PWM. VALUE< =(OTHERS=>"0");
PWM.CONF<=(OTHERS= >"0");
THR<=(OTHERS= >"1");
ELSIF RISING_EDGE (CLK) THEN
case ADD is
when SPI.DATA =>
SPI.DATA<=GPR;
WHEN SPI_LINFO =>
SPI.CONF<=GPR(15 DOWNTO 8);
WHEN PWMDATA =>
PWM. VALUE<=GPR;
WHEN PWMREG =>
PWM.CONF<=GPR(15 DOWNTO 8);
WHEN THR_REG =>
THR<=GPR(13 DOWNTO 0);
WHEN OTHERS =>

END CASE;
END IF;
end process;

—SPI.DATA<=GPR WHEN ADD=x"10" else

— (OTHERs=>'0’) WHEN RST="1" ELSE
— SPI.DATA;

—SPI.CONF<=GPR(15 DOWNTO 8) WHEN ADD=X"11" else

— (OTHERs=>'0’) WHEN RST="1" ELSE
— SPI.CONF;

SPI.FLANK<=SPI_.CONF(7);
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SPI.LDAC<=SPI.CONF (6);

SPI.DEVICE<= 0 WHEN SPI.CONF(2 DOWNTO 0) ="000" ELSE
1 WHEN SPI_.CONF(2 DOWNTO 0) =”001" ELSE
2 WHEN SPI_CONF(2 DOWNTO 0) ="010" ELSE
0;

SPI.SEND<=SPI_.CONF(5) OR SEND_BUTTON;

—Configuring PM

—PWM. VALUE<=GPR WHEN ADD=x"20" else

— (others=>'0’) when rst="1" else

— PWM. VALUE ;

—PWM.CONR=GPR(15 DOWNTO 8) WHEN ADD=x"22" else

— (others=>"'0’) when rst="1" else

— pwm_conf;

PWM. CLKDIV<= 1 when PWM.CONF(2 DOWNTO 0)="000" ELSE
2 when PWM.CONF(2 DOWNTO 0)="001" ELSE
3 when PWM.CONF(2 DOWNTO 0)="010" ELSE
4 when PWM.CONF(2 DOWNTO 0)="011" ELSE
5 when PWM.CONF(2 DOWNTO 0)="100" ELSE
6 when PWM.CONF(2 DOWNTO 0)="101" ELSE
7 when PWM.CONF(2 DOWNTO 0)="110" ELSE
8 when PWM.CONF(2 DOWNTO 0)="111" ELSE
1;

PWM. SEND<=PWM.CONF (7) ;

—Configuring Threashold

—THR<=GPR(13 DOWNTO 0) when add=x"30" else

— (others=>'0’) when rst="1" else
— THR;

THREASHOLD<=THR;
—setting the outputs

SPI_.DATA_SET <=SPI.DATA;
SPI_SEND <=SPI.SEND;
FLANK <= SPI.FLANK;
DEVICE <= SPI.DEVICE;
LDAC <= SPI.LDAC;

SS_Data <= GPR;
DEN <= (OTHERS=>'1);
BLINK <= (OTHERS=>'0’);

DOT <= "0100”;
LED<= ADD;
— P

VALUE <= PAWM.VALUE;
CLKDIV <= PAWM. CLKDIV;
PWM.SEND <= PWM.SEND;

end Behavioral;

155



Modulo PWM

— Company :
— Engineer:

— Create Date: 22:01:20 07/17/2014
— Design Name:

— Module Name: PM — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :

— Dependencies :

— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |IEEE.STD_LOGIC.1164.ALL;

use |[EEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;

— Uncomment the following library declaration if using

— arithmetic functions with Signed or Unsigned values

use |IEEE.NUMERIC_STD.ALL;

— Uncomment the following library declaration if instantiating

— any Xilinx primitives in this code.
— library UNISIM;
—use UNISIM. VComponents. all ;

entity PW is
Generic (BitNum : integer := 15);

Port ( VALUE : in STD.LOGIC.VECTOR (BitNum downto 0);

CLKDIV : in integer;
SEND : in STD.LOGIC;
CLK : in STD.LOGIC;
RST : in STD.LOGIC;
VOUT : out STD.LOGIC);
end PWM;

architecture Behavioral of PW is

constant MAX.COUNT : STD_LOGIC.VECTOR(BitNum downto 0) := (OTHERS=>'1’);

signal BUFA : STD_LOGIC_VECTOR(BitNum downto 0) :=
signal BUF.B : STD_LOGIC.VECTOR(BitNum downto 0) :=
signal count : STD_LOGIC_VECTOR(BitNum downto 0) :=

signal out_sig: std_logic :='0";
signal cnt : integer;
begin

(
(
(

OTHERS=>'0");
OTHERS=>'0’);
OTHERS= > '0');
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BUF_A<=MAX_COUNT;
BUF_B<=VALUE;
VOUT<=out.sig and SEND;

process (CLK, RST)

begin
if RST="1" then
count <=(OTHERS= >"0");
cnt <= 0;
elsif RISING.EDGE(CLK) THEN
IF cnt=CLKDIV then
cnt <=0;
IF count=BUF_A then
count<=(others =>'0");

ELSE
count<=count+1;
END IF;
ELSE
cnt<=cnt+1;
END IF;

END IF;
end process;

out_sig<= '0’" WHEN RST="1" ELSE

"1’ WHEN count<=BUF B ELSE

0°;

end Behavioral;

Modulo DATA SINK

— Company :
— Engineer:

— Create Date: 14:48:57 11/13/2014
— Design Name:

— Module Name: DATA_SINK — Behavioral
— Project Name:

— Target Devices:

— Tool versions:

— Description :

— Dependencies :

— Revision:
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— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |[EEE.STD_LOGIC.1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use |EEE.NUMERIC.STD.ALL;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—library UNISIM;

—use UNISIM.VComponents. all ;

entity DATASINK is
Port ( SINK.CLK : in STD_LOGIC;

RST : in STD.LOGIC;
SYSCLK : in STD_LOGIC;
DATALIN : in STD.LOGIC.VECTOR (14 downto 0);
THREASHOLD : in STD_LOGIC.VECTOR(13 downto 0);
TX : out STD.LOGIC);

end DATA_SINK;

architecture Behavioral of DATASINK is

type states is (RST.STATE,waiting, acquire, transfer);
signal state : states;

type fifo.reg is
record
rst : STD.LOGIC;
wr_clk : STD.LOGIC;
rd_clk : STD.LOGIC;
din : STD.LOGIC.VECTOR(14 DOWNTO 0);
wr_en : STD_LOGIC;
rd_en : STD_LOGIC;
dout : STD_LOGIC.VECTOR(14 DOWNTO 0);
full : STD-LOGIC;
empty : STD_LOGIC;
end record;
signal rfifo : fifo_reg;
SIGNAL DATA-TMP : STD_LOGIC.VECTOR (15 DOWNTO 0);

COMPONENT FIFO
PORT (

rst : IN STD_LOGIC;
wr_clk : IN STD.LOGIC;
rd_clk : IN STD.LOGIC;
din : IN STD_LOGIC_.VECTOR(14 DOWNTO 0);
wr_en : IN STD_LOGIC;
rd_en : IN STD.LOGIC;
dout : OUT STD_LOGIC.VECTOR(14 DOWNTO 0);
full : OUT STD_LOGIC;
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empty : OUT STD_LOGIC
)s
END COMPONENT;

COMPONENT UART_TX_CTRL
PORT(

SEND : IN std_logic;
DATA : IN std_logic.vector (7 downto 0);
CLK : IN std_logic;
READY : OUT std_logic;
UART.TX : OUT std_logic
)s

END COMPONENT;

TYPE UART_SIGNALS IS

RECORD
SEND : STD_LOGIC;
DATA : STD_LOGIC_.VECTOR(7 DOWNTO 0);
CLK : STD.LOGIC;
READY  : STD.LOGIC;
X : STD_LOGIC;
END RECORD;

signal UART : UART.SIGNALS;

begin
FIFO.MEM : FIFO
PORT MAP (

rst => rfifo.rst,
wr_clk => rfifo.wr_clk,
rd_clk = rfifo.rd_clk,
din = rfifo.din,
wr.en = rfifo.wr_en,
rd_en => rfifo.rd._en,
dout => rfifo .dout,
full = rfifo.full,
empty => rfifo.empty

)s

Inst_.UART_TX_.CTRL: UART_.TX_.CTRL PORT MAP(
SEND => UART.SEND,
DATA => UART.DATA,
CLK => UART.CLK,
READY => UART.READY,
UART.TX => UART.TX

process(sink_clk, rst, rfifo.full, rfifo.empty)
begin
if rst="1" then

rfifo.wr.en<="0";

rfifo.rd_en<="0";

state <=RST_STATE;
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elsif rising_edge(sink_clk) then
CASE STATE IS
when RST_STATE=>
IF rfifo.full="0" and rfifo.empty="1" then
state <=WAITING;
else
state <=RST.STATE;
END IF;
WHEN WAITING =>
IF DATALIN(13 DOWNTO 0)>THREASHOLD THEN
STATE<=ACQUIRE;
rfifo.wreen<="1";
rfifo.rd_en<="0";

ELSE
STATE<=WAITING;
rfifo.wr.en<="0";
rfifo.rd_en<="0";
END IF;

WHEN ACQUIRE =>
if rfifo.full="1" then
rfifo.wr.en<="0";
rfifo.rd_en<="1";
STATE<=TRANSFER;
else
STATE<=ACQUIRE;
END IF;
WHEN TRANSFER =>
IF rfifo.full="0" and rfifo.empty="1" then
rfifo.wr.en<="0";
rfifo.rd_en<="0";
STATE<=WAITING;
ELSE
STATE<=TRANSFER;
END IF;
end case;
END IF;
end process;

UART.SEND<='1" WHEN STATE=TRANSFER ELSE '0’;
DATATMP<=('1" & rfifo.dout); —WHEN rfifo.rd_.clk = '1’ else (others = '0°);
UART.DATA<= DATA.TMP(15 DOWNTO 8) WHEN RFIFO.RD.CLK="1" ELSE
DATA_TMP(7 DOWNTO 0) WHEN RFIFO.RD.CLK='0" ELSE
(OTHERS =>'0");

transfer_clock : process (UART.READY, RST)
BEGIN
IF RST ="1" THEN
rfifo.rd.clk <="0";
elsif UART.READY='1’ THEN
rfifo.rd_clk<=not(rfifo.rd_clk);
end if;
end process;
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UART.CLK<=SYS_CLK;
rfifo.rst<=rst;
TX<=UART.TX;

rfifo.din<=DATALIN;
rfifo.wr_clk<=sink_clk;

end Behavioral;

Modulo CLK MANAGER

— Company :

— Engineer:

— Create Date: 21:02:54 11/02/2014

— Design Name:

— Module Name: CLK.MANAGER — Behavioral

— Project Name:
— Target Devices:
— Tool versions:

— Description :

— Dependencies :

— Revision:

— Revision 0.01 — File Created
— Additional Comments:

library IEEE;
use |[EEE.STD.LOGIC-1164.ALL;

— Uncomment the following library declaration if using
— arithmetic functions with Signed or Unsigned values
—use IEEE.NUMERIC.STD.ALL ;

— Uncomment the following library declaration if instantiating
— any Xilinx primitives in this code.

—Ilibrary UNISIM;

—use UNISIM.VComponents. all ;

entity CLKMANAGER is
Port ( CLK : in STD.LOGIC;
CLKBUFFER : out STD.LOGIC;
CLKP : out STD.LOGIC;
CLKM : out STD.LOGIC;
RST : in STD.LOGIC);
end CLKMANAGER;

architecture Behavioral of CLKMANAGER is
—component CLOCKING
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—port
— (—— Clock in ports

—  CLK.IN1 :in std_logic;
— — Clock out ports

— CLK.OoUT1 : out std_logic;
— CLK.OUT2 : out std_logic;
— CLK.OUT3 : out std_logic;
— — Status and control signals

— RESET :in std-logic

J— )‘-

—end component;

SIGNAL CLK.SIGNAL : STD.LOGIC;
begin

CLK_SIGNAL<=CLK;
CLK_BUFFER<=CLK_SIGNAL ;
CLKP<=CLK_SIGNAL ;
CLKM<=NOT(CLK_SIGNAL ) ;
—CLKMANAGER : CLOCKING

— port map

— (—— Clock in ports

— CLK.IN1T = CLK,

— — Clock out ports

— CLK.OUT1 => CLK.BUFFER,
— CLK.OUT2 => CLKP,

— CLK.OUT3 => CLKM,

— — Status and control signals
— RESET => RST);

end Behavioral;

Fuente:

elaboracion
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D. Bloques funcionales utilizados en el debugger

Los siguientes bloques funcionales fueron sintetizados utilizando el

programa XILINX ISE Design Suite utilizando el codigo VHDL citado en la seccion

anterior.
Bloque funcional para la funcidon generadora del reloj
CLK_GEN:1
gnd DCM_SP
XST_GND e o
seen CLKFX180 bufg
cLko Lo cLk
L
esoix e clkoutl_buf
ibufg ;K’BD
cLock L o DINCDEC | cikero
L
clkin1_buf o
dem_sp_inst

clk_generator

Fuente: elaboracion propia.
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Bloque funcional para la adquisicion del ADC

DATA_SINK:1

Mmux_GND_28_0_DATA TMP[7)_mux_11_OUT1 UART_TX_CTRL

=

Mmux_UART_DATAL

oy

andzb i  ——

ifo_tul_rfo_empty_AND_39_o1 >
Mmux_GND_28_o_BATA_TMP[7L_mux_11_OUT1 Inst_UART_TX_CTRL

Mmux_UART_DATAL

state1

imux_state[1]_rfifo_wr_en_Mux_6_ol

ancaby

xstvee

ito_rd ek INV_72_o01

00524051

Mmux_state(1]_rifo_wr_en_Mux_6 o1
Statel

ancabe e

tlo_rd_cl

ilo_rd_en

e lcompar_THREASHOLD[13] DATA_IN[13]_LessThan_2_o1

Icompar_THREASHOLD[I3] DATA_IN[13]_LessThan_2_ol

tio_wr_en

FIFO

IFO_MEM

ADC_ACQQ

Fuente: elaboracién propia.
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Bloque funcional para la recepcion serial

UARTZREG:1

_n00G<0>1

andzbt

ozt

_n0072<0>1

ety

=1

angzb1

0067151

ey

anz

o2

_no07s<ze1

ancn1

_n0o7e<z1

Mmux

state[2] X_10

_n0076_inv1.

fape

DoNE

ey

imux_state2]_X_10_o_wide_mux_

Mmux_DATA_BUFF(8]_DATA[0] MUX_66_o1

_ndoa7e11

andznn

_nooao<zs1

Mmux_noo7e1

Mmix_noo7a1

imusx_DATA_BUFF[7] DATA[T]_MUX_67_o1

Imux_DATA_BUFF[TL_DATA[TL_MUX_67_o1

Imux_DATA_BUFF{6] DATA[G]_MUX_68_o1

imux_DATA_BUFF(5] DA

imux_DATA_BUFF(]_DATA[6] MUX_68_o1

(S| MUX_69_o1

imux_DATA_BUFF[4] DAT)

L
imusx_DATA_BUFF[S]_DATA(S]_MUX_69_o1

A

| MUX_70_01

imux_DATA_BUFFIALDA

imux_DATA_BUFF(3] DA

{4 MUX_70_o1

(3] MUX_71 o1

I
imux_DATA_BUFF[S]_DAT)

imux_DATA_BUFF[2] DAT)

A(SL_MUX_71_o1

2

MUX_72_01

imux_DATA_BUFFIZL DA

imux_DATA_BUFF{1] DA

[21MUX_72_01

(1] MUX_73_o1

L
imusx_DATA_BUFF[LL_DAT/

imux_DATA_BUFF[0] DAT)

A[L]_MUX_73_o1

o]

MUX_74_o1

imux_DATA_BUFFIOL DA

[0LMUX_74_o1

oot

92 imv1

e

Mmux_DATA_BUFF[E]_DATA(0]_MUX_66_o1

Mmux_DATA_BUFF[S] DATA[1) MUX_65_o1

Mmux_DATA_BUFF[S]_DATA(1]_ MUX_65_o1

RST_invt

Mmux_DATA_BUFF{10] DATA[2] MUX_64_o1|

[ |

Mmux_DATA_BUFFIOL DATA[Z] MUX_64_01

Mmux_DATA_BUFF[11] DATA(3] MUX_63_o1

(]

Mmux_DATA_BUFF[11] DATA[3] MUX_63_o1

Mmux_DATA_BUFF[12] DATA[4] MUX_62_o1)

| ]

Mmux_DATA_BUFF[I2] DATA(4] MUX_62_o1]

Mmux_DATA_BUFF[13] DATA[S] MUX_61_01

]

Mmux_DATA_BUFFI3L DATA[SL MUX_61 01

Mmux_DATA_BUFF{14] DATA[S] MUX_60_o1)
T L.

L
Mmux_DATA_BUFF[14]_DATA(S]_MUX_60_o1|

Mmux_DATA_BUFF[15] DATA[T]_MUX_59_o1

]

Mmux_DATA_BUFFITSL DATA[7]_MUX_59_o1

Mmux_DATA_BUFF[16] DATA[O] MUX_58_o1
T e

L
Mmux_DATA_BUFF[IG] DATA[0] MUX_58_o1|

Mmux_DATA_BUFF[L7] DATA[1] MUX_57_01
-

_nooszeze1

 E—
Mmux_DATA_BUFFITTL DATA[1] MUX_57_o1

Mmux_DATA_BUFF[18] DATA[2] MUX_56_o1

Mmux_DATA_BUFFIIBL DATA[Z MUX_56_01

Mmux_DATA_BUFF{19] DATA[3] MUX_55_o1|

Mmux_DATA_BUFF[IS] DATA[3] MUX_55_o1

Mmux_DATA_BUFF[20] DATA[4] MUX_54_o1
-

Mmux_DATA_BUFF[Z0] DATA[4] MUX_54_o1)

Mmux_DATA_BUFF[21] DATA[s] MUX_53_o1)
T L

 E—
Mmux_DATA_BUFF[21]_DATA[S]_MUX_53_o1

Mmux_DATA_BUFF[22] DATA[G] MUX_52_01
e o

L
Mmux_DATA_BUFF[22] DATA[G] MUX_52_01

Mmux_DATA_BUFF[23] DATA[TL MUX_51_01
R

Mmux_DATA_BUFF[Z3] DATA[T]_MUX_51 o1

Deser

Fuente: elaboracion propia.
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Bloque funcional para el control de registros

REGISTER DRIVER:1

BUFT

Mram_no1761 Mimux_SPI_DEVICE<1:051
—|
Meam _noT761 M SPT DEVICE<1:051

R

Nram_PWM_CLKDIV<3:0>1

=

Mram_PWM_CLKDIV<3:0>1

Hﬁ:

SPLCONF 2

GND_32_0_ADDI7]_equal_6_o<7>_imp e ‘

L)

i

GND_32_0_ADDI7]_equal_6_o<7>_imp

GND_32_0_ADDI7]_equal_5_o<7>_imp e

L)

UM _CONF_7

GND_32_o_ADD[7]_equal_5_o<7>_imp

GND_32_0_ADDI7]_equal_4_o<7>_imp e

GND_32_o_ADDITL_equal_4_o<7>_imp

GND_32_o_ADDI7]_equal_3 o<7>_imp e

GND_32_o_ADD[7]_equal_3_o<7>_imp

e e
GND_32_0_ADDI7]_equal_7_o<7>_imp e

GND_32_o_ADD[7]_equal_7_o<7>_imp

XST 6D

xstvee

DRIVER

Fuente: elaboracién propia.
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Bloque funcional para generacion del PWM

DATA_SINK:1
Mmux_GND_28_o_DATA_TMP[7]_mux_11_OUT1 Mmux_UART_DATAL UART_TX_CTRL

o | —
Mmux_GND_28_o_DATA_TMP[7]_mux_11_OUT1 Mmux_UART_DATAL ‘ Inst_UART_TX_CTRL
st o n_ 501 sar
U , T _ .
Mo sl 07 on_ M 501
S
L I
fdce. icompar_THREASHOLD[13]_DATA_IN[13] LessThan_2_o1
icompar_THREASHOLD[13]_DATA_IN[13] LessThan_2_ol
fro

TFO_ME!

ADC_ACQQ

Fuente: elaboracion propia.
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Bloque funcional para transmision serial

Fuente: elaboracién propia.

168



Bloque funcional para comunicacion SPI

Fuente: elaboracion propia.
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Bloque funcional para generacion del PWM

DATA_SINK:1

Mmux_GND_28 ¢

DATA TMP[7L mux_11_OUTL Mmux_UART_DATAL UART_TX_CTRL
.

T )
L_J
L . T .
L I
fdce. ficompar_THREASHOLD[13]_DATA_IN[13] LessThan_2_ol
Ce
L — |

\compar_THREASHOLD[13]_DATA_IN[13] LessThan_2_ol

Hio_wn_en

FIFO

TFO_MEM

ADC_ACQQ

Fuente: elaboracién propia.
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Bloque funcional para retroalimentacion visual

—

i

Fuente: elaboracion propia.
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E. Script de prueba ejecutado en Python 2.7

En el siguiente capitulo se detalla la libreria desarrollada y el script de
prueba utilizado para la adquisicion de datos simulados por la estacion de
debugging. El script corre sobre python 2.7 utilizando los paquetes Matplotlib,
PySerial, Struct los cuales deben estar instalados en el equipo y debe tener la

libreria uif.py en la misma carpeta.

Libreria uif.py (User Interface)

#!/usr/bin/env python
# —+— coding: utf—8 —x—

from Tkinter import *
import tkFileDialog
import tkMessageBox
import time

import ttk

#import pylab

import serial

import struct

class serlface:
def startUART (self, puerto="COM7’, baud=115200):
self.puerto=puerto
self.baud=baud
self.puerto=serial.Serial (self.puerto, baudrate=self.baud)

de

-

sendADC(self, val):

"\x11\x00\x00 ")
a=struct.pack(’'H’, val)
"\x10’+a[1]+a[0])

self.puerto.write

self.puerto.write

de

-

sendSLC (self, val):

"\x11\x41\x00")
a=struct.pack(’'H’, val)
"\x10’+a[1]+a[0])

self.puerto.write

self.puerto.write

de

-

sendBLC(self, val):

"\x11\xc2\x00 ")
a=struct.pack(’'H’, val)
"\x10’+a[1]+a[0])

self.puerto.write

self.puerto.write
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def changeVal(self, val):
a=struct.pack(’'H’, val)
self.puerto. write (’\x10’+a[1]+a[0])

def dinamicSPI(self, dev, on=True):
devs=['ADC’, 'SLCTRL’, ’'BLCTRL’]
if dev in devs:

if on==True:

var=""

if dev=="ADC':
var="\x20"

elif dev=="SLCTRL':
var="\x61"’

elif dev=="BLCTRL':
var="\xe2’

else:
var=="\x00"

self.puerto.write (’\x11 +var+’\x00")
else:
self.puerto.write ("\x11\x00\x00")

def PWMSTATE(self, on=True):
if on==True:
self.puerto.write ("\x21\xf0\x00")
else:
self.puerto.write ("\x21\x00\x00")

def PWMSET(self, val):
a=struct.pack(’'H’, val)
self.puerto.write (’\x20 '+a[1]+a[0])

def THR.SET(self, val):
a=struct.pack(’'H’, val)

self.puerto. write ('\x30 +a[1]+a[0])

de

-

getData(self, num=2048):

a=self.puerto.read(num)

data=[]

for val in range(0,len(a),2):
data.append(struct.unpack('H’, a[val]+a[val —1]))

return data

de

-

getData2(self, num=2048):

a=self.puerto.read(num)

data=[]

for val in range(0,len(a),2):
data.append(struct.unpack(’'H’, a[val—1]+a[val])[0])

return data

def getData3(self, num=2048):
a=self.puerto.read(num)
dat=0
data=[]

for val in range(0,len(a),2):
dat=struct.unpack(’'H’, a[val—1]+a[val])[0]
data.append(dat %(2xx14))
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return data

def saveData(self, data):
f=open( 'c:/Users/KBo/Desktop/result.csv’,’'w’)
for d in data:
f.write(str(d)+’\n’)
f.close ()

def plotData(self, data):
pylab.plot(range(len(data)), data)

Script de control

from uif import x #Cargando la libreria uif

raw_input ( 'Resetee.la _FPGA_por_favor’)
ser=serlface ()
ser.startUART ('COM8’) #abriendo la interfaz serial en el puerto 8

ser.dinamicSPI( 'BLCTRL’) #Colocando en 0 (2000 representado rango a rango) el valor del BLCTRL
ser.changeVal(2000)

»
@
=

.dinamicSPI( 'BLCTRL’ ,on=False) #Apagando el BLCTRL
ser.dinamicSPI('SLCTRL’) #Polarizando el PMT
ser.changeVal(33728)

ser.dinamicSPI( 'SLCTRL’, on=False)

while ser.puerto.inWaiting ()!=0: #Limpiando cualquier entrada del modulo serial

ser.puerto. flushinput ()

while ser.puerto.inWaiting ()!=0:
ser.puerto. flushlinput ()

ser . THR.SET(33000) #Colocando un valor del Threashold
print ser.puerto.inWaiting ()

raw_input(’Inicio’) #Esperando para encender el PMV
ser .PWM.SSET(20) #Seteando el valor de pwm

ser .PWM.STATE()

time.sleep(0.01)

data=ser.getData3 () #Espera datos de la interfaz uart
ser.saveData(data) #almacena los datos en un archivo para su posterior analisis.

Fuente: elaboracion propia.
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