W

MICROCHIP

Disenando aplicaciones USB



-4
MQHIP O bj eCtiveS

Regional Training
Centers

e Despues de esta clase usted podra

—seleccionar una apropiada solucion de
conectividad USB para su aplicacion de control
embebida (incrustada)

—seleccionar el MCU PIC mas conveniente para
ese proposito

—seleccionar la plataforma de desarrollo
apropiada para su aplicacion

—decida que manos de Microchip en el
entranamiento le asistiran en el proceso de
desarrollo.
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MQHIP Ag en d d

Regional Training
Centers

e El desafio de conectividad para Disenar Sistemas Embebidos

e Revision sobre USB

e Principios de Operacion

e Soluciones en Microcontroladores PIC® para USB de MCHP
e Usando el Microchip USB Framework

e Drivers de PC para USB

e Microchip USB Herramientas de desarollo

e Algunas Soluciones USB

e Resumen y Recusos

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 3
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Mf:‘?mp El Desafio de la Conectividad

Regional Training
Centers

e Muchas aplicaciones
embebidas requieren
conectividad para
equipo externo

— sefales de control de
Intercambio

— descarga de datos

— carga de datosy
nuevo firmware

— diagnosticos

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 4



Z,
an‘z‘\cmp El desafio de la conectividad

Regional Training
Centers

e Ultima Solucion: Conectividad RS232

e Nuevo desafio: No RS232 o puesrtos
paralelos o laptops o computadoras o
impresoras

— Solo USB, Ethernet y/o WLAN

2008 Microchip Technology Incorporated. All Rights Reserved. ~ COM3100Rev0 3 Slide 5



Z,
M.]:‘?.:H.p Acceso a Periféricos de PC

Regional Training
Centers

e Via antigua e ViaUSB
e Periféricos de PC: e Periféricos de PC:

—  Espacio de direcciones 1/O — Mapeado de 127 dispositivos
mapeado en la memoria del dentro de un espacio virtual
80X86 de direccionamiento

— Asigna una linea especifica —  No utiliza ningun recurso del
de IRQ PC 1/0, IRQ o DMA

— Asigna un canal de DMA e Acceso indirecto usando la
especifico interfaz porgramable provista

por el driver del dispositivo

e Acceso Directo (ISA, PCI,
PCMCIA)

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 6



Z,
Mf:‘?mp El desafio de la conectividad

Regional Training
Centers

e Alternativa ?
— Subsistir usando viejas computadoras
— Usar adaptadores RS232 a USB

e Solucion: Implementar conectividad USB
en su aplicacion

;o)

\ fh
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Y,
MZ‘E\CH.F, Agenda

Regional Training
Centers

e El desafio de conectividad para Disenar Sistemas Embebidos
e Principios de Operacién

e Soluciones en Microcontroladores PIC® para USB de MCHP
e Usando el Microchip USB Framework

e Drivers de PC para USB

e Microchip USB Herramientas de desarollo

e Algunas Soluciones USB

e Resumen y Recusos

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 8
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MZ‘E‘\W USB Descripcion

Regional Training
Centers

o USB fué co-desarollado por un consocio
de companias....

— Compag/HP, Intel, Microsoft, LS|, NEC etc.
— ...Buscando crear un solo Bus que ...

o gonecte muchos dispositivos sobre el mismo
us

e Fuerafacil para adicionar/remover dispositivos
periféricos conectados sobre el bus

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 9



merace  Ventajas de la conectividad USB

Regional Training
Centers

Extienden la funcionalidad
de su computadora!

Data Analysis,
Data Logging,
Firmware Updates,
Diagnostics,
Embedded Applications!

’Mium |

/ * Auto deteccién & configuraciéon (Plug&Play) \ ’

* Facil expansién usando hubs
RS232
Parallel

[

|

 Bus alimentado — reduce los transformadores de pared I

 Datos protegidos por CRC , paquetes malos son '
vueltos a enviar. : PS/2

 Tres Velocidades: I

l

\ Low- 1.5, Full- 12, High- 480 Megabits / second j

\

-~

-

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 10



R Comparacion de Buses y

MICROCHIP

Regional Training Ve I O c i d a d

Centers

1394-Fire Wire

No necesita tener

soporte de alta Ethernet
velocidad para —
obedecer la USB 2.0 WIF (b/g)
USB 2.0
A
- N
LS-USB FS-USB HS-USB
1.5 Mb/s 12 Mbl/s 480 Mb/s
_ J
Y
CAN USB 1.1
Serial Port Parallel Port

500 Kb/s 1 Mb/s 1.5 Mb/s 12 Mb/s 100 Mb/s 480 Mb/s 1 Gb

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 11



7,
MZ‘E\.:H.F, Elementos de un sistema USB

Regional Training
Centers

! Controlador HOST USB (Master)

@/ y Root Hub
b

S

Mouse Impresora Audio (Esclavo)
(Esclavo) (Esclavo)

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 12
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Mf’é\ Mecanismo de transferencia de datos
ICROCHIP USB

Regional Training

e USB es un “Single Master + Multiple Slaves” Bus consultado

e == Controlador HOST USB(Master)
y Root Hub

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 13



i
MICROCHIP

Regional Training
Centers

Host (Tier 1)

Topologia Fisica del Bus

=

—

& Root Hub

{USB Host Controller}

*
L 4

Tier 2 s [Keyboarti [Speaker .
Tier3 . { Hub: Max Chaining = 5 }
Tier4 = .
Tier5 * :
. " e )
. ; = | PIC18 USB devices are
Tier 6 . - .
. . designed to be
_ . . peripherals!
Tier7 ¢ [Data Logger =\
%, Up to 126 peripherals... &
’...IIIIIIIIIIIIIIIIIIIIIIII“
© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 14
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MQHIP USB HOSt

Regional Training
Centers

e Maneja y controla el BUS
e Incializa todas las transacciones

e Automaticamente detecta todos los
dispositivos removidos e insertados en el BUS

e Enumera todos los dispositivos conectados y
los conecta con los drivers

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 15
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R Requerimientos t II?IiCOS del MCU para

MICROCHIP
Regional Training S e r O S T

Centers

e Procesamiento de alto rendimiento con
MCU de 32/64 bit funcionando con un
istema opeativo en tiempo real como
Windows

e Aplicaciones con interfaz grafica de
usuario

e ldentificacion de Drivers USB y
enumeracionde dispositivos USB

e USB Host Controller, funcionando a Full
Speed (12Mbps) or High Speed(480Mbps).

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 16



A
MQHIP Host Embebido

Regional Training
Centers

e Aplicacion Embebida conectada a uno dispositivo
periférico USB

Aplicacion Embebida no conectad a otros Host

Ventajas: firmware embebido mas pequeno, menos
compiejo
e Ejemplo: Data Logger de temperatura remoto
— Descarga datos al USB Flash Drive
— Actua como Host cuando es conectado al Flash Drive but ...
— No se conecta directamente al PC Host

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 17



Mf@\cmp Requerimientos tipicos para el Host
Embebido

e Peripherals to service real world inputs
and outputs
— A/D converters, Comparators etc
— Serial Interfaces like SPI, 12C, UART
— PWMSs, Timers and 1/O lines

e High throughput 16/32 bit MCU

e Full Speed (12Mbps) USB OTG transducer
with data input/output buffers

e Host Software Drivers to identify and
enumerate USB Peripheral Devices

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 18
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MQHIP Dispositivos Periféericos USB

Regional Training
Centers

e Responde slHost, no puede iniciar
transacciones

e Requiere drivers para ser reconocido por el
Host

e Hardware/Firmware para responder al Host

i ﬂr\\ 2

e

&/—J
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M.]:é\cmp Caracteristicas tipicas de los periféricos del

Regional Training M C U

Centers

e Perifericos para el servicio de entrada y salida
con el mundo real

— conversores A/D, Comparadores etc
— Interfaces Serie como SPI, 12C, UART
— PWNMs, Timers y lineas 1/O

— Full Speed (12Mbps) USB transducer with data
Input/output buffers

e Dispositivos USB y Firmware para interface de
periféricos

e Procesamiento para el servicio requerido por
el USB Full speed

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 20



A Clases de dispositivos periféricos

MICROCHIP

Regional Training U S B

Centers

Floppy
Data Glove Drive

Ethernet
Adapter

External
Hard Drive

PICkit™ 2
Starter Kit

Class (MSD)
Communication Device
Keyboard Class (CDC) CD2
Custom Class
(Vendor Class)

[ Many more USB classes.... ]

U Mass Storage Device

(0]

Human Interface Device Class
(HID)

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 21



ﬂ{s\
mcrocwe  USB On-The-Go (OTG) y Doble papel

Regional Training
Centers

e USB On-The-Go (OTG) le permite al Dispositivo operar
como Host o Dispositivo

— PDA (Dispositivo) conectado al PC (Host)
— PDA (Host) conectado al Thumb drive (Dispositivo)
— PDA en Modo Dual Role

e PDA conectado a PDA, Host y dispositivo pueden
cambiar papeles

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 22
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MICROCHIP

Requerimientos tipicos para

Dispositivos OTG

Centers

Perifericos para servicio de entradas y salidas
al mundo real

— A/D converters, Comparators etc
— Serial Interfaces like SPI, 12C, UART
— PWMSs, Timers and 1/O lines

MCU de alto procesamiento 16/32 bit

Full Speed (12Mbps) USB OTG transductor con
buffers de datos entrada/salida

Host Software Drivers para identificar y
enumerar Dispositivos Periféericos USB

Software para funcionar como Dsipositivo
cuando se conecta al Host

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 23



X
MQHIP HUb USB

Regional Training

e Conecta dispositivos =
adicionales al Bus USB ;\Ej

e Maximo 5 Hubs sobre T & @
Root Hub [Keyboar(i Speaker] lEm;J’

e Provee alimentacién al
conectar dispositivos

e La mayoria de Hubs usa
controladores ASIC

hasta 126 periféricos... =

4EEEEEEEEEEEEEEEEEEEEER a?

Data Logger]

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 24
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M.]:‘?.:H.p Resumen de Elementos USB

Regional Training
Centers

e Full USB Host
- PC
e Embedded USB Host
— Drivers No Instalables
— Requerimirntos de Firmware reducidos
e Dispositivos periféricos USB
— Mouse, Keyboard, Thumb drive, etc.
e Doble papel /IOTG

— Puede switchear Roles
— Puede ser OTG o apenas dos roles

2008 Microchip Technology Incorporated. All Rights Reserved. ~~ COM3100Rev0 3 Slide 25



Y,
Mfi‘é\cmp USB Interfaz fisica

Regional Training

Centers 5V Power and GND Lines

Veus ~50V e
D+ :
~33V
O- N
GND

Host Connector D+ and D- Twisted Pair, Differential mode Device Connector
Communication Lines

e Interfaz de cuatro cables

— Linea de 5V de alimentacion y de GND desde donde
el dispositivo USB puede ser alimentado

— Par trenzado,lineas de comunicaciones en modo
diferencial para una excelente inmunidad al ruido de
datos

— Conectores especiales para el Host y Dispositivo

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 26
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MicRoCHIP Conectores USB
ReE Centera
“A” Plug A
>
USB Host Qﬁj
1r ﬁ TN ’
f “B” \ “mlnl B” “mlcro B”
FS, HS FS, HS
Peripheral Peripheral Peripheral LS, FS, HS
Peripheral
Hardwired
or
Custom
Detachable
J
© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 27
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M.]:‘?.:H.p El Mito mas grande

Regional Training
Centers

e Mito: una Low-Speed periféricos USB pueden transferir datos de aplicaciones
hasta 187.5 KB/s (1.5 Mbps)

e FACT: Imposible, por las restricciones de la especificacion USB :
— 8 byte de transferencia de datos cada 10 ms
— =800 Bytes/segundo

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 28
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M.]:‘?.:H.p El siguiente gran Mito

Regional Training
Centers

e Mito: Una Full-Speed periférico USB puede transferir datos hasta 1.5 MB/s (12
Mb/s)

e Hecho : Imposible, el ancho de banda total es de 1.5 MB/s
— Debe ser compartido entre los periféricos
— Overhead del protocolo
— Restricciones del protocolo

— El procesamiento de datos crudos realista para a periférico simple es
~1.0 MB/s

— Solo 64KB/s en algunos casos.
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Mﬁ@cmp Ag en d d

Regional Training

antave

e El desafio de conectividad para Disenar Sistemas Embebidos
e Revision sobre USB

e Soluciones en Microcontroladores PIC® para USB de MCHP
e Usando el Microchip USB Framework

e Drivers de PC para USB

e Microchip USB Herramientas de desarollo

e Algunas Soluciones USB

e Resumen y Recusos
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M.@\m Dispositivo USB Framework

- Software View of Hardware -

Regional Training
Centers

Host System

User Code

78

Non USB Format

N

USB Device Driver

o, N

Z8

Non USB Format

N

USB System Software

y

Layer

7

USB Data Frames

N

Layer

USB Adapter/Controller

/\

\/\ Bus Interface|| USB Device  Function Layer

h

Peripheral Device

/ P g

| A : : o

A =

S NTDriver Physical Device 5

Specific / &'T

\ Pipes (Ep1..) / 3
\I 1/ ﬁ

QI lf Device Specific Comm & %

" A N/ g

2-Defauit : : T g9

. (EPQ_QUT/IN) , a @

\! |/ USB Data Frames D

17 - 2

N 2 2

[ Cable Bus Interface s 3

o}

@

> Camino de las comunicaciones fisica
~ . . . s = Ty ’
« — = = =3 -~ Camino de las comunicaciones légicas (“Pipe”)

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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S El Dispositivo USB “Logico”

Regional Training

Centers
Configuration
(Active)
Analog/Digital /10
USB Device-Specific Pipe(s) Endpoint 1 MCHPFSUSB
(HID) (Interrupt - IN) HID TX/RX Functions
Endpoint 1

(Interrupt - OUT)

Los seteos légicos
aestan representados
or una Tabla

Endpoint 0 escriptora de
USB System Software (Control - OUT) dispositivos,

(default control pipes) Endpoint 0 almacenada en
(Control - IN) “usbdsc.c”..mas

sobre esto despues.
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Mlc:?cmp

Regional Training
Centers

Como hacen las comunicaciones el
host y el dispositivo?

Transacciones...

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 33
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M.]:‘?.:H.p Un Endpoint es un Buffer

Regional Training
Centers

Data Bucket

V-
OUT Transaction RAM
Endpoint 1 OUT LED
g
7
IN Transaction RAM ’ y
Endpoint 1 IN Caps-Lock

e El numero maximo de endpoints por dispositivo
specificado por la especificacion USB:

— 16 endpoints de salida + 16 endpoints de entrada = 32 endpoints
— PIC18F87J50, PIC18F4550 suportan hasta 32 endpoints

e EPO =Es la comunicacion Pipe por Default

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 34
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MicROCHIP Transaccion USB

Regional Training
Centers

1]
<

Token Packet

|EEEER

informan el dispositivo apuntado al
cual el Host quiere enviar datos

IN el tipo de token informa el
dispositivo apuntado del cual el
Qost quiere recibir datos.

/SETUP y OUT los tipos de token\

Especifica:

* Direccién del dispositivo apuntado

* Numero de Endpoint

» Direccién de la transferencia de
datos

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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7,
Mfi‘é\cmp USB Transaccion- IN

Regional Training
Centers

IN Token Packet

Data Packet

|EEEER

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 36



7,
M.]:‘?.:H.p USB Transaccion - IN

Regional Training
Centers

IN Token Packet

Data Packet

Handshake Packet

L

Acknowledge - ACK

|EEEER

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3
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MICROCHIP IN Transaccion ACK
Regional Training
Centers
USB Traffic USB PIC® MCU

_______________________________________________________________________________________________

IN Token Packet
(to EP1 IN)

Data Packet

RAM : SFR EP1 IN BD
Endpoint 1 IN
]

(UOWN, Length,

Pointer)
putsUSBUSART ( )

Handshake Packet

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 38
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MICROCHIP IN Transaccion NAK
Regional Training
Centers
USB Traffic USB PIC® MCU

_______________________________________________________________________________________________

IN Token Packet

(to EP1 IN) }
" 'SFREP1IN BD
X E Faly (UOWN, Length,
X ndpoint 1 IN Pointer)
Handshake |
Packet

__________________________________________________________
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MICROCHIP OUT/SETUP Transaccion ACK

Regional Training
Centers

USB Traffic USB PIC® MCU

_______________________________________________________________________________________________

OUT/SETUP
Token Packet
(to EP1 OUT)

5FR EP1 OUT BD
(UOWN, Length,
Pointer)

Data Packet

Endpoint 1 OUT

SFR EP1IN BD
(UOWN, Length,
Pointer)

Handshake
Packet

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 40



MiCROCHIP OUT/SETUP Transaccion NAK

Regional Training
Centers

USB Traffic USB PIC® MCU

_______________________________________________________________________________________________

OUT/SETUP
Token Packet
(to EP1 OUT)

FR EP1 OUT BD
(UOWN, Length,
Pointer)

Data Packet Endpoint 1 OUT

SFR EP1IN BD
(UOWN, Length,
Pointer)

RAM

Handshake Endpoint 1 IN

Packet
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Micha o Transacciones en Accion
Regional Training - FunCién PDFSUSB READ_POT -

Centers

% PICDEM(TM) FS USE Demo Tool - Yersion 1.00

Y ]
Bootoad Mode  D'emo Mode |
Select PICDEM F5 USE Baoard IPICDEM FS USE 0 (Demao) j | Disconnect I
—Temperature Dizplay

~Toggle LEDs————

=m|LED D3  =m|LED D4

rDataMode——

% Real Time

—PDtW' ;
T emperature: |+ 826 .8°C ~Hezztance: |5 a1y Ohin

{~ Data Logging

Aquire [ata |

Aplicacion PDFSUSB continuamente envia el comando “0x37”

El dispositivo retorna el comando + el valor del ADC de 10-bit del
Potenciometro: <0x37><ADRESL><ADRESH>
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MICROCHIP

Regional Training

Centers

W\ PICDEM{TM) FS USE Demo Tool - ¥ersion 1.00
Bootload Mode  Demo Mode |

Select PICDEM FS UISE Board | PICDEM FS USE 0 (Demo) =

T emperature Digplay
rDataMode———

f* Real Time

Temperature: |+ 826 .8°C

= Data Logging

Seguire [Nata |

=13l x|

| Disconnect I

Toggle LEDs——

=|LED D3  ==|LED D4

~Potentiometer Dizplay
Resistance: |5 iy Ohm

File Eeagle Help

iZonneckion

Total Phase - Beogle Data Center - Untitled {modified}

Transacciones en Accion
- Beagle12 Capturando READ_POT -

LISE w7 ‘ Settings ‘ 2l ns

=i

Refer irse al apendice A en Handout

para el PDFSUSB comleto Referirse -
al Command/Response

1112-Ng475 Capture [ ]
&l USE | I2C | | MOIC |
Index | m:s.ms.us | Dur Len | Err | PID | CRC | Packet |
0:00.000.000 \ Capture started [Fri Feb 22 DE:EB:[ﬂ
21 0:00.101.276 [110 S0F] [23 PREERR]
1 0:00425.275 [24 S0F] [6 PRE/ERR]
37 0:00.133.285
39 000141181 281 us ouT 00
39 0:00.141.184 3.47 us 1 DATA1  BBO1 37
40 0:00.141.188 1.47 us
47 0:00.157 274 ]
45 0:00.165.180 2.83 us IN 00 DEw=0x03 EP=81
43 0:00.165.183  4.81 us 3 DATA1 30BE 37 0002
a0 0:00.165.183 1.47 us
a3 0:00.165.264 |8 S0F] [2 PRE/ERR]

{ e

OO0 190 277

DA ©hEl e DDEYEDD

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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4
M.]:‘?cm Llaves:Tipos de Token

Regional Training
Centers

SETUP

N
AN

OuT

N
NS

IN
N j
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ﬂ/
Mlc:?cmp

Regional Training
Centers

Como hace la comunicacion el host y
el dispositivo?

Transferencias...

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 45
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M.c:?cmp Transferencias Vs. Transacciones

Regional Training
Centers

MPUSBWrite (EP7, Pointer, Size = 129, Timeout)

Transfer Key:
Transaction 1 '
64 Byte Payload OUT Token Packet

- Data Packet
Transaction 2

64 Byte Payload ACK Handshake Packet

Transaction 3 _
Transferencia: Grupo

1 Byte Payload de transacciones
relacionadas.
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R\ Resumen - Tipo de transferencia de

MICROCHIP Dato
R entore e - Full Speed USB -

Transfer/ Endpoint Polling Interval % Reserved Max. # Data Bytes/Frame/Endpoint Data
Type BW/Frame for all (Max# transactions per frame @ Max Ep Inteqrity
transfers of this type Size)*
Interrupt Fixed, Periodic 90 64 (1 x 64) Yes
Isochronous Fixed, Periodic a0 1023 (1 x 1023) No
Bulk Variable, Uses Free 0 1216 (19 x 64) Yes
Bandwidth
Control Variable 10 832 (13 x 64) Yes

*Assumes transfers use maximum packet sizes allowed per Ep type
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7 r = .
N Rango maximo de transerencias

MICROCHIP

Regional Training
Centers

1400-
1200-
1000-
800+
600
400-
200

KByte/s

tedorica Por Endpoint

1216

Control Interrupt Bulk Iso

Tipo de transferencia

] Low

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3
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mcrocie  TIPOS de Transferencias - Ejemplos

Regional Training
Centers

Mouse Printer Speaker
Control Control Control
+ + +
Interrupt Bulk Isochronous

O 4] A S
) &, . &
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7 . .
/”’6\ Consideraciones cuando se usan las

MICROCHIP
Regional Training CIases Standar
Centers
e CDC (Virtual Com Port) e Custom
—  Protocolo de comunicaciones
del dispositivo definido —  Protocolo de comunicaciones
e EIPIC mira bien un del dispositivo indefinido

modem, o un terminal

conectado al puerto serie e PC application talks

directg to the endpoint in

e EIl P(I: Ho?_t intgrcaprréaia the PI
con la aplicacion S
: e The PC application/PIC
string ASCII (default) exchangt-!.-orpaw bytes
o llamar al manejador de

ackets enviando ademas
os paquetes de datos

— Lower data rate than
custom class (80kByte/s
vs 1MByte/s)

Mas sobre el USB
CDC Device Class
en la Parte 2
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MICROCHIP

Regional Training

Centers

-

~

Application

UART Driver

UART Hardware

\J

RS-232

~

UART Hardware

~

UART APIs

Firmware
Application

N

/

Ejemplo — Usando CDC

~

~

Application

UART Driver

CDC Driver

Microchi

CDC RS-232 |

Emulation
API

USB Hardware

USB

USB Hardware

USB UART APIs

Firmware
Application

g —

(101011

PIC18F4550

LI LI L L

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MQHIP

Regional Training
Centers

Enumeracion
Auto-Deteccion & Auto-Configuracion

Detras de la “Magia” del
“Plug&Play”

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3
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MZ‘?.:H.F, Auto-Deteccion: Full-Speed

Regional Training
Centers

/
Peripheral Device

-------------------------------------------
R Yo

Microcontroller

Full Speed Identification
D+ line pull-up

v, (3
------------------------------------------

USB =~
Connector
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ML’Z‘?.:H.F, Auto-Deteccion: Low-Speed

Regional Training
Centers

/
Peripheral Device

-------------------------------------------
R Yo

Microcontroller

Vyss 3.3 V[

Low Speed Identification
D- line pull-up

1.5 kQ+5% é/

v, (3
------------------------------------------

USB =~
Connector

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 54



"X
MQHIP

Regional Training
Centers

Endpoint 0 y Enumeracion

e See Chapter 9in USB 2.0 Spec for more info.

Bus Reset >

Control Transfers

PIC 18 USB Microcontroller X
Dual Port/Access RAM

/

Endpoint 0 OUT

(Control Data)

ANAN

Endpoint 0 IN

(Control Data) /

Other Endpoints

Set Address }::>

Get

Descriptors

Set
Configuration

Device
Ready

Descriptors
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Mlc:t?cmp Descriptores

Regional Training
Centers

String 0 Device
String 1 _ _ _
> To other Configurations if any
String N Configuration 1
To other Interfaces
“if any
Interface 0 Interface 1
Endpoint Endpoint Endpoint Endpoint

e Los Descriptores son tipicamente almacenados en memoria no
volatil/Flash
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Descriptores - Ejemplo

L=

USB 2.0, VID = 0x04D8,
PID = 0x0007, Num. Configurations,
Strings?

Configuration #1: Bus-Powered,
Remote Wakeup, 500mA, Num.
Interfaces

_—

Interface #0: HID Class, Num. Endpoints

/ Endpoint 1 IN, Interrupt Transfer Type,

MICROCHIP
Regional Training
Centers
Manu. String Device
L Microchip }
Configuration 1
Prod. String
LPICDEM usa
Other String Interface 0
L Go USB! }
/ Endpoint

Unicode
Characters

64-byte buffer, Poll every 3 ms

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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2\ . ..
MICROCHIP Planeando la alimentacion

Regional Training
Centers

e Max USB suspend current is 0.5/2.5mA
e Don’t:

Power from
USB Cable ® ’ *

VDD

A0
Ui

§ 22|.|F_
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MICROCHIP Planeando la alimentacion

Regional Training
Centers

e Max USB suspend current is 0.5/2.5mA
e Do:

Power from
USB Cable ®

<10uF

(L]
JUa
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MICROCHIP PIC® MCU: Detectando un accesorio USB

Regional Training
Centers

Self-Powered

Power from ‘
USB Cable ®
——

_—

-
-

DD

/O

Si el dispositivo esta auto-alimentado,
usted Necesita usar un pin I/O para
detectar un cable accesado.

D+ o D- No necesitan un Pull Up (y
nunca corriente de fuente sobre el
Vgys) hasta el driver host alto Vg g .

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3
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A Chequeando el conocimiento del

MICROCHIP

Regional Training U S B

Centers

Numero maximo de dispositivos puede
soportar el USB ?

Numero de Pines en un conector USB?
Que es FS USB data rate?

Que direccid es Data-In?

Tipo de transferencia de datos USB ?
Que es enumeracion USB ?
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Mﬁ@cmp Ag en d d

Regional Training

LCantarvc

e El desafio de conectividad para Disenar Sistemas Embebidos

e Revision sobre USB

e Principios de Operacién

e Usando el Microchip USB Framework

e Drivers de PC para USB

e Microchip USB Herramientas de desarollo
e Algunas Soluciones USB

e Resumen y Recusos
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MQHP MCUs PICs de Microchip

Regional Training
Centers

e Ofrece MCU PIC con arquitectura de 8, 16, and 32 bit
e Dispositivos de 20 - 100 Pines

e 8Kb a 256Kb de Memoria de Programa en Flash

e 512 bytes a 16Kb Ram de Datos

e Voltaje de Operacion:1.8V to 5.5V

e Amplio Rango de Periféricos para Aplicaciones en el
mundo Real

— Conversores A/D , Comparadores
—  SPL 12C, UART
—  PWNMs, Timers y lineas 1/O0
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MICROCHIP Productos USB Ofrecidos

Regionalk Training

32KB 64KB 96KB 128KB g

24 KB

8 KB 16 KB

rs
PIC18F67J50 PIC18J87J50
PIC18F66J55 PIC18F86J55
PIC18F66J50 PIC18F86J50
PIC18F2550 PIC18F4550 PIC18F65J50 PIC18F85J50

PIC18F2553 PIC18F4553
PIC18F2455 PIC18F4455
PIC18F2458 PIC18F4458
PIC18F14K50 PIC18F2450 PIC18F4450

PIC18F13K50

20-Pin 28-Pin 48-Pin 64-Pin 80-Pin

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3
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MICROCHIP Productos USB OTG Ofrecidos

Regionalk Training

CefPers
m
X
(Q\|
—
Lo
PIC32MX460F512L
o
X
(o)
Lo
N PIC24FJ256GB106 PIC32MX440F256H PIC24FJ256GB108 PIC24FJ256GB110 PIC32MX460F256L
M a -
X
o
— PIC24FJ192GB106 PIC24FJ192GB108 PIC24FJ192GB110
USB
=0TG
2
% PIC24FJ128GB106 PIC24FJ128GB108 PIC24FJ128GB110 PIC32MX440F128L
—
(2l
X
#
©

PIC24FJ64GB106 PIC24FJ64GB108 PIC24FJ64GB110

64-Pin - 80-Pin - 100-Pin

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 "source: Vendgrliggbl's%’g Specifications
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MQHP USB de MCU PIC de Microchip’s

Regional Training
Centers

e Suporta USB 2.0 Low y Full Speed

e Transceptores, Reguladores de Voltaje y resistores de
pull up sobre el chip

PLL parael Clock USB sobre el chip
USB Dual Port RAM

{‘JOS Eequiere hardware externo adicional para soportar

lllllllllllllllllllllllllllllllll

. L 4
* L 4
* >
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MICROCHIP M()du IO USB

Regional Training
Centers

¢~ Peripheral Device Board

| .
' PIC18F4550
: DE— 3.3 V Regulator X
| :
! ‘B ! ;
:| Bus Pull-Up . 4 :
| : : :
. :| Resistors . :
Transceiver :
| D+/D- Data RAM :
| : Program | :
I USB RAM Memory
: : :
: Control
! : Registers :
| H :
! S
‘ “,. "¢‘.
\ ~ % aa e e R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEG ans®
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MICROCHIP

Regional Training
Centers

SIE ...

Serializa y deserializa datos USB

d

Codifica y decoddifica datos
NRZI

Handles bit stuffing

Cheque CRC para validar
paquetes de datos

Detecta senalizaciones de
eventos en el Bus y notifica a la
CPU para procesar interrupcion
Manejo de Transacciones USB
Mnejo del protocolo de

handshaking

llllllllllllllllllllllllllllllllllllllllllllllllllllll
L 4

PIC18 USB MCU

.‘ Transceiver

Data RAM

i

Motor de la Interfaz Serie

SIE

H USB RAM

Control
Registers

Program
Memory

lllllllllllllllllllllllllllllllllllllllllllllllllllllll
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A Ejemplo de la configuracion de

MICROCHIP

Regional Training
Centers

¢~ Peripheral Device Board

Clock

L ———
| PIC18F4550
| .

: 20 MHz EC [<—*|Divide by 5—>96 MHz PLL > Divide by 3

! = 1

| /

| . .

| | Accept 4 MHz Input Only Divide by 2

|

| 32 MHz :
l 8 MIPs

I PIC®

: MCU

I : Core

! : ;
'\ SIE Clock = 48 MHz : Full-Speed Mode
L oo e A ‘

-
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Mﬁ@cmp Ag en d d

Regional Training

antave

e El desafio de conectividad para Disenar Sistemas Embebidos
e Revision sobre USB

e Principios de Operacion

e Soluciones en Microcontroladores PIC® para USB de MCHP

e Usando el Microchip USB Framework

e Drivers de PC para USB

e Microchip USB Herramientas de desarollo
e Algunas Soluciones USB

e Resumen y Recusos
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R Microchip USB Firmware

MICROCHIP

Regional Training C a ra Cte riSt i cas

Centers

e C18 Compatible

e MPLAB® IDE Project Centric

e Polling Scheme

e Cooperative Multi-Tasking (No Blocking Routines)
e Program Memory Usage

— USB Enumeration (Chapter 9) - 3 KB
— HID - 1 KB
— CDC (RS-232 Emulation) - 1 KB

— USB Mass Storage - 4 KB
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R MCHPFSUSB Clases de Dispositivos

M . -
g i Frameworks Disponibles
Floppy
Data Glove Drive

Ethernet
Adapter

External
Hard Drive

Keyboard

Human Interface Device Class
(HID)

Mass Storage Device
Class (MSD)

(0]

Class (CDC)

[ Communication Device

ICD2
o)

Custom Class
(Vendor Class)

(0]
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MicRocH El usar vs. Creando clase de
Dispositivo

Regional Training
Centers

----------------------------------------------------------------
.

o* Ye
*

£ PIC18F4550

Control Transfer
(SETUP,
OUT, IN)

Interrupt
Bulk

Isochronous
(OUT, IN)

EPO

Chapter9

EP1

EP15

Device
Class

User
Application

. .
.
e, »*
--------------------------------------------------------------
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A Dispositivo de Interfaz Humana

MICROCHIP

Regional Training ( H I D)

Centers

PIC® Microcontroller PC Computer

(o

esign Considerations:

* 64 KB/s max

 Interrupt Transfer Type

e Standard Windows driver

e Custom PC application can access HID data
\ through Win32 APIs /

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 74



%
MQHP CDC - RS-232 Emulacion

Regional Training
Centers

PIC® Microcontroller PC Computer

R | . :
: [ CDC ] i : { Standard Windows Drivers I—Iyper Terminaﬂ:
| | I
| | | = |
: HYSB-Cable— INF File Required :
. I (c: \MCHPFSUSB\ fw\CDC\inf) [

a )

Design Considerations:
e ~80 KB/s max
e Bulk Transfers
« PC applications can access the device as though it
IS connected to a serial COM port

\ /
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MICROCHIP Personalizar Clase de Driver

Regional Training
Centers

PIC® Microcontroller

PC Computer

el e e e |

| - ~
1 |
1 MCHPUSB.sys | MPUSBAPI.dIl |PDFSUSB.exe |I
| N L
I e N
| Binary Only Source and | Gipercas |
f E Binary Examples |
-—HSB—eable—l- . J :
I INF File Required I
[ (C: \MCHPFSUSB\Pc Sou!’ce and |
I \ :"'n'r'r'nr'rﬂn Thaas Dol \ Blnary l
) L L G Iy T sV St et ™ e e S

e ~1.088 KB/s max

possible)

e PC programmin

© 2008 Microchip Technology Incorporated. All Rights Reserved.

/Design Considerations:

 Not a standard Windows driver

IS required

COM3100Rev0.3

« Very flexible (Control, Bulk, Int, Iso Transfers are
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A Dispositivo de almacenamiento

MICROCHIP

masivo (MSD)
See AN1003: USB Mass Storage
PIC® Microcontroller PC Computer _______
i _ wso i i { Standard Windows Driver I Windows Ji
S o= B i
ﬁ)esign Considerations: \

e Acts like a disk drive

« Rapida Transferencia de datos sobre USB

« Speed is limited depending on the physical media

Interface

» For usefulness, a File System should also be
\_implemented in firmware -/
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M,cfl}\mp Descargando el Microchip USB

Regional Training
Centers

Framework

2} Microchip Technology Inc. , Home Page - Microso

File Edit “ew Favorites Tools

o @ v O

Address wiwiw  rnicrochip. com fushl

23 USB Design Center - Microsoft Internet Explorer,

File Edit Wiew Favorites Tools  Help o -9 HN @ n| L e e - = I;

Address @ htkp: s, microchip, comystellent fidcplg?IdcService=35_GET_PAGE&nodeld=1486 V| Go Links @ Yahoo! Financ >

-

dﬂs D CHIP @ MICROCHIP

Home Products Design Sales Sample Buy Corporate What's New

Application D

,—|Search Advanced Data Sheet L

® Search@® Finder @ Quick Links v |Ch|nese sz

MicrochipSite » Design » Design Centers »

T e ctivity-USB

O Desigh Home Page
& Product Hame Page
O Technical Documentation PIC18F4550
O Programming Suppart MCU Core

Freguently Asked Questions '}.?.'rhs
(FAQS) - Design General

O Contact Microchip
Applications

O Autornotive

O Appliance
O Connectivity Design Centers
CAN

LIn

sB

Radio Freguency Overview

FirtheaaTH

|

0 Inkernet
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R MCHPFSUSB Firmware

MICROCHIP .
Regional Tralning - Project Folder Structure -

Centers

e C:\MCHPFSUSB

= |} MZHPFSUSE
+ ) Documents
=l | Fw
) Factory hex

+ | Biook
= I R j; [ Workspace file: MCHPUSB.mcw ]
) _output [ Output file: MCHPUSB.hex ]
() autafiles
+ |} inf
+ | ) syskem
+ | ) user
+ j Derno
) Demaolz
+ | ) Hid
+ | Pc
) Tools
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Mf:‘?m Demo 1 & 2

Regional Training
Centers

e Demo 1: General Purpose Driver Demo
e Demo 2: Upload HID mouse example using the bootloader
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?!/& = 4 (11 - )
MICROCHIP Apllcacmn de un PORT COM*“Virtual

Regional Training
Centers
/ \ HyperTerminal

HyperTerminal

UART Driver

UART Driver
CDC Driver

UART Hardware

\ / USB Hardware

RS-232 > USB
UART Hard / \
ardware USB Hardware [ ]
Microchi

UART APIs - ] —
grl?‘ﬁét?on” _4.( USB UART APIs | PIC18F4550 |

Firmware API -
\ Application / A';'Lﬁ?zﬁifn s -
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M(@\mp Las Clases de dispositivos de
comunicaciones (CDC)

Regional Training
Centers

e Abarca una variedad de dispositivos

— Dispositivos “POTs (Plain Old Telephone Service)”

e Teléfonos analégicos y modems, adaptador a terminal ISDN ,
Teléfonos celulares, “Virtual” COM ports

— Dispositivos de RED de “Velocidad Media”
e ADSL Modems, Cable Modems, Ethernet Adaptors

e Lainterfaz USB en estos dispositivos acarrea datos
genéricos como un pozo como aplicaciones
especificas encapsuladas protocolos de comandos ,
por ejemplo Terminal V25 para modems (pone
comandos AT).
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M(@\mp Modelo Abstracto de Control SACM)
Emulacion Serie (3.6.2.1

Regional Training
Centers

e ACM implementacio cubierta de ports COM vituales
e Son requeridos 2 interfaces USB USB

— Communications Class Interface

e 1-IntINEp
e Used to notify host of the current RS-232 connection status
from the USB RS-232 emulated device
— Data Class Interface
e 1-BulkINEp &1-Bulk OUT Ep

e Used to transfer raw data bytes that would normally be
transferred over RS-232

e Also may be used to send encapsulated call control (AT)
commands
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MICROCHIP

Regional Training
Centers

R\ The “Logical” CDC-ACM
USB Device

Configuration#1
(Active)

Analog/Digital 1/0

Endpoint 2
I (Interrupt - IN)

usbser.sys Endpoint 3 MCHPFSUSB
Pipes I I (Bulk- OT) CDC TX/RX
Endpoint 3 Functions
I I (Bulk - IN) I
Endpoint 0
OS USB
Control (Control - OUT)
Pipes Endpoint 0

(Control - IN)

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 84



Y Projecto CDC

MICROCHIP . g
- Clase ACM-Requerimientos especificos -

Regional Training
Centers

e Resumen de clase-especificar requisitos y notificaciones
implementadas (ver 6.2 & 6.3 en CDC especificaciones para
descripcion):

— las implementaciones CDC firmware tratadas para
e SEND_ENCAPSULATED_ COMMAND
e GET_ENCAPSULATED_RESPONSE
e SET_LINE_CODING
e GET_LINE_CODING
e SET_CONTROL_LINE_STATE

—  Sin embargo, el CDC firmware corrientemente retorna una NAK para
decir al host que no hay respuesta disponible

e Usted no necesita preocuparse por atender estos requerimientos
e Solo envie/reciva su dato crudo via el CDC RS-232 funciones API
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R Proyecto CDC

MICROCHIP . .y
Regional Training - CIOCk Conflgu raC|0n -
Centers

¢+~ Peripheral Device Board
I e
| PIC18F4550
| : :
: 20 MHz EC Divide by 5 96 MHz PLL Divide by 2
: .
| /
[ _r
I | Accepts 4 MHz Input Only Divide by 2
I
I : 48 MHz :
: 12 MIPs
| CPU
| SIE Core
I .
[ : :
I :
\ SIE Clock = 48 MHz : Full-Speed Mode
L I [ oeseeeeeseperererererereperepeeysyeyeyegegegepepepepefefefefepepeyeegeyeyeyes=s AL b :

© 2008 Microchip Technology Incorporated. All Rights Reserved. COM3100Rev0.3 Slide 86



-4
MZ:?CHIP CDC APIs

Regional Training
Centers

void putrsUSBUSART (const rom char *data);

void putsUSBUSART (char *data) ;

void mUSBUSARTTxRom(rom byte *pData, byte len);

void mUSBUSARTTxRam(byte *pData, byte len);

byte getsUSBUSART (char *buffer, byte 1len);

byte mCDCGetRxLength (void) ;
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Z,
M.]:‘?.:H.p Determinantes del API

Regional Training
Centers

e Usted es quien intercambia la nueva linea ASCII strings
terminada (modo canoénico) o bytes crudos (modo no-
canonico)con la aplicacion host ?

e EIl dato es almacenado en ROM o RAM?
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A API para Null-terminated Literal &

MICROCHIP

Reginar i ROM Data

Centers

void putrsUSBUSART (const rom char *data);

void putsUSBU T (char *data) ;

void mUSBU om(rom byte *pData, byte len);
v N ) ;
Use ‘putrs’ para datos literales almacenados

en ROM

by ) ;
Ejemplos de Uso:
by putrsUSBUSART(“Hello”);
or
putrsUSBUSART(welcome);
where

rom char welcome[]=(“Bye”);
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MicROCHIP Importancia del estado Checking

Regional Training
Centers

e Estado cdc trf_
—~  CDC_TX_READY
—~  CDC_TX_BUSY
—~  CDC_TX BUSY_ZLP
—  CDC_TX_COMPLETING

e Cuando llamando un API que envia datos para el host, necesita chequear
que:
cdc_trf _state == CDC_TX READY

e O use macro:

— BOOL mUSBUSARTIsTxTrfReady (void) ;
Retorna ‘1’ cuando el estado es CDC_TX_ READY
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meracwe  Diagrama de Flujo del Programa

Regional Training
Centers

Reset main InitializeSystem

MainLoop

Use state
machine.

. ’ main.c
ooperative USBDriverService();
Multitasking!! CDCTxService();
USBTasks() <
No blocking
functions.
ProcesslO() Y USer.c

Exercise 01();
Exercise 02();
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M.cé?cmp Post Demo Analisis

Regional Training
Centers

e Speed
— 640 Kbits/s = 80 Kbytes/s
—  Faster than RS-232 (UART)

— Esta solucion no es posible con un a sipositivo USB low-speed
porque esto no tiene bulto endpoint

No hardware handshakes
Memoria de Programa Usada: ~ 4 KB

Nota de Aplicacion

—  AN956: Migrating Applications to USB from RS-232 UART with Minimal Impact
on PC Software

e Que hacer si necesita un rango de transferencia de datos mas rapido?

—  Considere usar nuestras class de driver windows personalizadas y dispositivos
framework...
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MQHIP Ag en d d

Regional Training
Centers

e The Connectivity Challenge for Embedded Application Designers
e USB Overview

e Principles of USB Operation

e PIC® Microcontroller solutions for USB from MCHP

e Using the Microchip USB Framework

e Microchip USB Development Tools

e Some USB Solutions

e Summary & Resources
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.
MICROCHIP mchpusb.sys vs. HID vs. CDC

Regional Training

Centers
Features mchpusb. sys HID CDC
(v1.0.0.6)
Driver support built into No Yes Yes (need .inf)
Windows
64-bit PC Support Yes Yes Yes
XP Ready Yes Yes Yes
Vista Ready Yes Yes Yes

Transfer Types (not incl.

Ep0)
Control Yes Yes No
Iso Yes No No
Interrupt Yes Yes Yes
Bulk Yes No Yes
Max Speed ~1.0 MB/s 64KB/s ~80kByte/s
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ﬂﬁ\ Otras Clases de Drivers

MICROCHIP

Regional Training pe rsonal izad Os EEE

Centers

e LibUSB
— Open Source
—  Supports Windows and Linux
— Supports Interrupt, Bulk, and Isochronous transfers
— http://libusb-win32.sourceforge.net/

e WinUSB
—  Supported in Windows XP & Vista only
—  Supports Interrupt and Bulk
— http://Imsdn2.microsoft.com/en-us/library/aa476426.aspx
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MZ:?CHIP MPUSBAP I

Regional Training - I ntrOd u CCi 6 I'I -

Centers

e Codigo de la envoltura Win32 API sistema llama

funciones (comuniquese en ultima instancia con
mchpusb.sys)

Trabaja con todos los dispositivos Microchip USB

Trabajah Visual C++ .NET, C++ Builder, Visual Basic
.NET, y mas...

Transferencia de datos Facil y Flexible

Suporta transferencias Bulk, Interrupt, Control y
Isochronous

e Interfaz Funcional simplifica el desarrollo de
aplicaciones

e Libre
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R Microchip Driver de dispositivo USB de

MICROCHIP

egional Training Propésito General

Centers

e mchpusb.inf — Este archivo contiene la
informacion del driver del dipositivo USB
Microchip

e mchpusb.sys - Microchip USB Device
Driver

e Estos archivos pueden encontrase en la
siguiente ruta de acceso

— C:\MCHPFSUSB\Pc\MCHPUSB
Driver\Release
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MQHP mchpusb.inf

Regional Training
Centers

e .inf file tells windows how to configure and
use a device

e Device Manager reads the VID and PID from the
target device
e Windows uses .inf file to:
— Associates driver to use with VID & PID
— Specifies device identification strings
— Specifies source and destination of device files
— Sets reqistry keys
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Mlt::t?cmp .inf File Modifications

Regional Training
Centers

e Modifiable sections in mchpusb.inf

— [DevicelList]

o %$DESCRIPTION%=DriverInstall, USB\VID 04D8&PID 000B,
USB\VID 04D8&PID 000C

— [Strings]
e ONEYSOFT="Walter Oney Software"
MFGNAME="Microchip Technology, Inc."

INSTDISK="Microchip Technology, Inc.
Installation Disc"

DESCRIPTION="PIC18F4550 Family Device"
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MICROCHIP Functions in MPUSBAPI .DLL
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MPUSBAPI Functions

MPUSBGetDeviceCoupfi%%)

VID & PID

MPUSBOpen (. .)
MPUSBClose (. /\1

VID & PID

MPUSBGetDLLVersion (

)

MPUSBReadInt (
MPUSBRead (
MPUSBWrite (

)
)

)
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Summa

DLL Function

Trans?e,r-Type Usage

Transfer/ End_point Functions Time-Out
Type Applicable?

Interrupt-IN MPUSBRead, MPUSBReadInt Yes
Interrupt-0UT MPUSBWrite Yes
Bulk-IN MPUSBRead Yes
Bulk-OUT MPUSBWrite Yes
Isochronous-IN MPUSBRead =

Isochronous-OUT MPUSBWrite No
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e void USBGenInitEP (void) ;

—  Called after a SET CONFIGURATION request

— Initializes endpoints, state machine and variables
e void USBGenWrite (byte *buffer, byte len);

—  Copies data from user’s buffer to the Ep buffer
e Dbyte USBGenRead (byte *buffer, byte len);

—  Copies data from the Ep buffer to the user’s buffer
° (bit) mUSBGenRxIsBusy (void) ;

—  Macro checks if the OUT Ep is busy (owned by the SIE or not)
° (bit) mUSBGenTxIsBusy (void) ;

—  Macro checks if the IN Ep is busy (owned by the SIE or not)
e byte mUSBGenGetRxLength (void) ;

— Retrieves the number of bytes copied into theuser’s buffer after the most
recent call to USBGenRead()
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Synchronous model

e Accepts commands from

host
e Returns results

e Waits for next command

Initialize

vy

USB Tasks ()

A4

Process IO()

\
<

ServiceRequests ()
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e Inuser.c, afunction has been defined for you to place
application-specific peripheral initialization code:

volid UserInit (void)

{

mInitAllLEDs () ; //macros defined in “io cfg.h”

mInitPOT () ;

}//end UserInit

e UserInit() is called inmain () during system
initialization.
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File usbdsc.c
/* Device Descriptor */
rom USB DEV DSC device dsc=
{

sizeof (USB_DEV DSC),

DSC_DEV,

0x0200,

0x00,

0x00,

0x00,

EPO_BUFF SIZE,

0x04D8,

0x000C,

0x0000,

0x01,

0x02,

0x00,

0x01

//
//
//
//
//
//
//
//
//
//
//
//
//
//

Size of this descriptor in bytes
DEVICE descriptor type

USB Spec Release Number in BCD format
Class Code

Subclass code

Protocol code

Max packet size for EPO, see usbcfg.h
Vendor ID

Product ID: PICDEM FS USB (DEMO Mode)
Device release number in BCD format
Manufacturer string index

Product string index

Device serial number string index
Number of possible configurations
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File usbdsc.c

/* EndPoint Descriptor */

sizeof (USB _EP DSC),DSC EP, EP0l OUT, BULK,
sizeof (USB _EP DSC),DSC EP, EPO1l IN, BULK,

_BULK or INT (Interrupt)

defined in USBCFG.H
#define USBGEN EP SIZE 64
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rom struct{byte bLength;byte bDscType;word stringll];}sd000={
sizeof (sd000) ,DSC_STR, 0x0409};

rom struct{byte bLength;byte bDscType;word stringl[25]; }sd001={
sizeof (sd001) ,DSC_STR,

IMl'IiI'ch’Irlllolllclllhlllilll

plll
ITllleI'Icl’lhlllnlllol'lllllolllgl’l

I
4

y|,| ','I','n','c','.'};

rom struct{byte bLength;byte bDscType;word string[33]; }sd002={
sizeof (sd002) ,DSC STR,

|P|’|I|’|C|’|D|’|E|’|M|'| |’|F|’|S|’| |’|U|’|S|’|B|'| |’
|D|'|e|'|m|'|o|'| |’|B|’|o|'|a|'|r|’|d|’| |'|(|'|c|'|)|’
1 ','2','0','0',‘7'};
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Drivers built into Windows for most USB devices

A Custom Class Device needs a Vendor specific Device
Driver

mchpusb. sys file is a Vendor specific Device Driver

/MCHPFSUSB/ fw/demo contains the custom class
device framework

.inf Files
MPUSBAPI.DLL simplifies your development Activities
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e The Connectivity Challenge for Embedded Application Designers
e USB Overview

e Principles of USB Operation

e PIC® Microcontroller solutions for USB from MCHP

e Using the Microchip USB Framework

e USB PC Drivers

e Some USB Solutions

e Summary & Resources
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e PIC18F4550, 20 MHz xtal e Power LED Indicators
e USB Port e Potentiometer

e Serial Port e Temperature Sensor

e PICtail™ Daughter Board
Compatible - | N

" 1ras PICDEM™ Full— Q,Seed USB

EF A4 Demo Board (©)ee4

r[ ﬁ\J |N.

USB+ = ci4

I-. SH— ! i

. RC |VUSB A

i Wl“” - RB7 “ * I‘{A@‘ . [eeceegosone)
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j2 Hlll ot e L |
(Sl | . w(,‘]- t C10% ; H I

g |
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MICROCHIP ®¥le
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e Demo board for

PIC18F14K50
e Connects directly to

PICKkit 2
e USB 2.0 Port y . o
o RS232 Port '5?:9:2:"?::‘ Kit
e LEDs

e Potentiometer
e Breadboard area | L
e Software for USB

peripheral devices

IoWiEInjeount J:iEJ DEVEIOF
WITHEEI GKITelZ 81 EDUGQE h’!\l
(Falrd 2 .)‘f
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MICROCHIP

~crocn? - PIC18F87J50 FS USB Plug-In Module
Centers (PIM)

e PIC18F87J50, 12 MHz xtal

e USB Full Speed Port
e LEDs,

e Pushbuttons

e Plugs as PIM on other
boards
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e Demo board for all 16 and 32bit e Supports OTG, Embedded Host and

PIC MCUs Device

e Requires 16 or 32 bit USB PIC e USB OTG stacks for Device and
MCU PIM host

e Requires USB PICtail+ Daughter e Class drivers for Generic, HID, and
Board Mass Storage
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The PIC24F Starter Kit is based on the PIC24 USB MCU
Highlights the PIC24 as a Embedded Host or OTG

USB Flash Drive Interface

Interactive Display and Touch keypad interface

Built-in MPLAB compatible Debugger

Board powered by USB port to PC
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+ [D FOX Ld o MicrocHIP
3 REEEERE wiv.microchip.cSh/PIC32

e :
RN
]

Lo z R13 5
o |
PICS2 Pwr

. : R PIC3E® -
ot $¥s ;. USB STARTERKIT,

e The PIC32 USB Starter Board is based on the PIC32MX460F512 USB MCU
e Highlights the PIC32 as an Embedded Host or OTG

e USB Peripheral Device Interface

e Built-in MPLAB compatible Debugger

e Board powered by USB port to PC
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e Microchip USB Design Center
| e

http:_/!www.micruchip.comfusb

I\
W

» Development Tools
Documentation ~ »» Circuit Diag :

, ng Support » Silicon Soll S
Qs - Design General » Technical Trainin

e Buy USB Development Boards and Kits from
microchipDirect (www.microchipdirect.com)

e Detailed Product Information at:
—  www.microchip.com/pic32
—  www.microchip.com/pic24
—  www.microchip.com/picl8
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e The Connectivity Challenge for Embedded Application Designers
e USB Overview

e Principles of USB Operation

e PIC® Microcontroller solutions for USB from MCHP

e Using the Microchip USB Framework

e USB PC Drivers

e Microchip USB Development Tools

e Some USB Solutions

e Summary & Resources
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e USB Device, Embedded Host or OTG
Applications:

— Real world interface

e Collect data on Temperature, Pressure, weight,
etc.

e Control heaters, motors, displays etc.

— Interface to a PC, Embedded Host or USB
Device
e For data analysis, display, storage, etc.
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2 Full-Speed On-The-Go (12 Mbps)

Full Speed USB Embedded Host or Device
“Negotiates” with other OTG Products
Copy Box, PDA, Portable Instrument

Full-Speed Embedded Host (12 Mbps)
=, 4 Full Speed USB Embedded Host
- " = Security System, Download Files, Upload Software

Full-Speed Device (12 Mbps)
Full Speed USB Device
Biometrics, Data loggers

@)
(-
@®
2
<
L)
o
-
(@]
&)
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e AN956: Migrating Applications to USB from RS232

— PIC18 based applications

— Implementation done on Standard Full Speed Demo Board
— Communication Device Class (CDC) Implementation

— € Code easily migrates to other USB PIC MCUs

— 4KB of firmware to implement USB interface

— Supports all PIC MCUs with Full Speed USB

— Includes windows based drivers for the Host PC

% MicRocHIP Sl
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% PICDEM{TM) F5 USB Demo Tool - ¥ersion 1.00 O] =|
Bootlnad Mode  Dema Mode |

Select PICDEM FS UISB Board | PICDEM FS USB 0 (Demo) = |

—Temperature Dizplay

Connect

Toggle LEDs——

= ED DS mLED D

rData bMode——

% Beal Time

Temperature: I

1 Data Logging

—Potentiometer Digplay——
R esistance:; I Ohrm

Sequire Data |

Clear Screen

S

Copyright [C] Microchip Technology [ne., 2004 &

Ready
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AN1003: USB Mass Storage

[ MSD Pigtail Board ]
, Full Speed Demo Board

4 )

USB Interface to a MSD Class device

Implemented using Secure Digital/Multimedia Card
PIC MCU implementation on standard Full Speed
Demo board and MSD Pictail Board

Uses standard Windows based drivers: usbstor.sys

\_ /
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5

=
e T R

.

e Embedded Host Using the PIC24FJ256GB110
16-bit PIC MCU

e Host Reads jpeg or bit mapped pictures from
USB Flash Drive

e Host Displays pictures on QVGA color display
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e Vendor ID (VID) 16-bit number

— Required to market your product

—  http://lwww.usb.org/developers/vendor/

— USD $2,000

— Technical & Legal trouble if not using an approved VID
e ProductID (PID) 16-bit number

—  Microchip’s Sub-licensing Program

e Every product line is required to have a unique combination of VID
and PID
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e Compliance Testing

—  Must pass to use USB logo
— USD ~$1,500

e Ch9 and other USB Firmware
—  USB Protocol Analyzer

—  "USBCV” USB Command Verifier

e Tests device for conformance to Ch9, Hub, HID , MSD and Video Class
specifications

e Electrical Signal Quality
e Power Management
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For USB Compliance: Independent Test Labs
For Device ‘Sanity Check’: USB “Plugfest”

e For USB Compliance Testing:
Must submit a compliance checklist
— www.usb.org/developers/compliance/peripheral _low/
— Download “Peripheral Checklist”

— TID: Test ID

— Use certified USB receptacle and cable for testing
— Know the TID of your components

— AllUSB PIC® MCUs have a TID number. Get it at

° Srobably a good idea to take a look at the checklist even before starting your
esign!
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e The Connectivity Challenge for Embedded Application Designers
e USB Overview

e Principles of USB Operation

e PIC® Microcontroller solutions for USB from MCHP

e Using the Microchip USB Framework

e USB PC Drivers

e Microchip USB Development Tools

e Some USB Solutions

e Summary & Resources
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e Today, we

— Covered the basics of USB, and saw how it
could be used in an embedded application

— Became familiar with Microchip’s MCUSs,
development boards, and USB software
framework.

— Reviewed Microchip’s custom class PC Host
USB drivers and device framework
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e Microchip Offers a Complete Range of USB
Solutions:

— Wide Range of PIC MCU
e with built-in USB and USB OTG Transceivers
e 8-bit, 16-bit and 32-bit MCU solutions

— USB Device solutions for HID, CDC, MSD and
Custom Class

— Embedded Host and OTG solutions for MSD, HID
and Generic Class

— PC side Drivers for Windows interface via USB

— Standard Demo boards for quick prototype
development

— Application Notes for Step-by-Step guidance
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e Microchip USB Design Center: Firmware, Custom Driver, App.
Notes, other USB specific resources

—  http://www.microchip.com/usb
e USB 2.0 Specifications and Device Class Specifications
—  http://lwww.usb.org
e Developers Discussion Forum
—  http://lwww.usb.org/phpbb/
—  http:/[forum.microchip.com/tt.aspx?forumid=102

e “USB Complete, 3/E”
& “Serial Port Complete, 2/E” by Jan Axelson
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Thank You!
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The Microchip hame and logo, the Microchip IQI%O, Accuron, dsPIC, KeelLoq, KeeLoqg logo, microlD,
MPLAB, PIC, PICmicro, PICSTART, PRO MATE, rfPIC and SmartShunt are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

AmpLab, FilterLab, Linear Active Thermistor, Migratable Memory, MXDEV, MXLAB, SEEVAL, _
SmartSensor and The Embedded Control Solutions Company are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Analog-for-the-Digital A8e, Algopllcatlon Maestro, CodeGuard, dsPICDEM, dsPICDEM.net, dsPICworks,
ECAN, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB, In-Circuit Serial Pro rammlng, ICSP,
ICEPIC, Mindi, MiWi, MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICkit, PICDEM, PICDEM.net,
PICLAB, PICtail, PowerCal, Powerinfo, PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Smart
Serial, SmartTel, Total Endurance, UNI/O, WiperLock and ZENA are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
All other trademarks mentioned herein are property of their respective companies.
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