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M(C}E\CH,, Class Objectives

Regional Training
Centers

m When you finish this class you will be able to:

m Describe the basics of USB, and how to apply
them in an embedded application

m |[dentify Microchip’s USB MCUs, development
boards, and USB software frameworks relevant to
your project

m Analyze the capabilities and limitations of the
CDC device class, and implement basic

communications using the CDC device framework
on PIC18/24/32 MCUs
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Microce Agenda
m Part 1:
Introduction to Full-Speed USB
m Part 2:
Introduction to Microchip’s USB Device
Frameworks
m Part 3.

Using the Microchip CDC Class Device
Framework (RS-232 Replacement)
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R\
MICROCHIP Class Folders

Regional Training
Centers

MCHPFSUSB Framework is also
installed in

comM33101T C:\Microchip Solutions

v20xXxX-XxX-XX

\Exercise\
Labla, Lablb, .., Labb
Microchip (Framework)
\USB Precompiled Demos (*.hex)
\USB Tools

Presentation Files
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Part 1.

Introduction to Full-Speed USB




Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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R . .
Mlcgg:mp A little history...

Regional Training
Centers

m USB was co-developed by a group of
companies....
m Compagq, Intel, Microsoft, NEC

m ...who wanted to make it much easier to add/remove
peripheral devices from PCs

m Jan., 1996 - USB 1.0
m Sep., 1998 -USB 1.1
= Apr., 2000 -USB 2.0
m 2003 — On-the-Go supplement to USB 2.0 (v1.0a)
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Ma‘?cmp USB Basics

Regional Training
Centers

m USB is a“Single Master + Multiple Slaves” Polled Bus

' USB Host Controller (Master)
and Root Hub

Mouse Printer Speakers
Start Of Frame Mouse Packets Speakers Packets Printer Packets
L/ N\ i i ]~
< > < > < >
Frame Frame Frame
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ﬂ/
Mlc:g:HIP USB Device Types

Regional Training
Centers

m Peripheral (also called “Function™)

m Provides a functionality (capability) to the host
m i.e. data acquisition

m Hub
m Repeats traffic (both directions), manages power

m Compound Device
m Contains a hub and 1 or more peripheral

m Host treats hub and peripheral function separately
(each has its own address)

mi.e. USB keyboard with 1-port hub
m Composite Device
m Has multiple interfaces active at the same time

m Host loads a driver for each interface
m i.e. video camera (both audio & video interfaces active)
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MicRoCHIP Buses & Speeds Comparison

Regional Training
Centers

1394-Fire Wire

Does not have to

support High-Speed Ethernet
to be USB 2.0 —
Compliant WiFi (b/g)
USB 2.0
A
- N
LS-USB FS-USB HS-USB
1.5 Mb/s 12 Mb/s 480 Mb/s
N 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
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MQHP Tl P

Regional Training
Centers

m Connect Full-Speed Peripherals to an
High-Speed HUB

USB 2.0 HS Host

12 Mb/s

480 Mb/s

USB 2.0 HS Hub Usb 1.1 LS/FS Hub

12 Mb/s 12 Mb/s <12 Mb/s <12 Mb/s

LS/FS device LS/FS device

LS/FS device LS/FS device
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Y,
an‘?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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M,C*?mp Physical Bus Topology

Regional Training
Centers

Host (Tier 1) USB Host Controller

& Root Hub
| ““-. EEEEEEDN EEEEEERN ......‘
Tier2  » [Keyboard] [Speaker] “_
_ : = | Hub: Max Chaining =5
Tier 3 - .
Tier 4 (PIC18 USB devices are
- = |designed to be
Tier5 = = |peripherals. PIC24/PIC32
. = |can function as either
| = |embedded host or
Tier6 : |peripheral. y
Tier 7 E [Data Logger] .
“ Up to 126 peripherals... K

*
*

..IIIIIIIIIIIIIIIIIIIIIIIII“

*
L 4
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R |
e Physical Interface

Regional Training
Centers

Vaus 7/
S D 1 (G 00 (N I S
GND A—H_ GN

m Half Duplex with NRZI (No Return to Zero Invert) Data
Encoding

Vius ~50V

m Bus Power to each device:

m 4.40-5.25V Must use external
m Guaranteed 100 mA power if more is
m 500 mA maximum through negotiation < required
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ﬂﬁ\ Standard Connectors

MICROCHIP o )
Regional Training - USB 2.0 Specification -
Centers
CAH
e
.,
USB Host h\\_ﬂj
\

[13 BH
FS, HS
Device

10

“mini-B”
FS, HS
Device
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Y,
an‘?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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%
Mﬁé\cm Logical Bus Topology

Regional Training
Centers

m Not a tiered-star!

m Host software communicates to each
“logical” device as if it were directly
connected to the root hub

Logical _
Device
Logical
Device Device Logical
- Device
Logical
Device
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Ma‘ﬁ’\cmp The “Logical” Device

Regional Training
Centers

Configuration

Amalog/Digital I/0

USB Device-Specific Pipe(s)

IN (Endpoint x) HID TX/RX Functions
(Human Interface Device)

(MCHPFSUSB FW)

OUT (Endpoint x)

These settiWe
IN (Endpoint 0) représented by a
USB System Software Device Descriptor
(default control pipes) OUT (Endpoint 0) ‘able, stored In

firmware. S
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A& Endpoints: Source/Destination

MICROCHIP

s Of USB Data In a Peripheral

Centers

e
/ USB PIC® MCU

@/ USB framed data
|

|
%@ ,’ QJSB framed data
|
\
~

RAM 7/‘

Endpoint 1 OUT

Data Bucket

RAM
Endpoint 1 IN

e Maximum number of endpoints per device specified by USB

specification:

— 16 OUT endpoints + 16 IN endpoints = 32 endpoints
—  PIC18F87J50, PIC18F4550, PIC24F, PIC32MX supports up to 32

endpoints

—  PIC18F14K50 supports up to 16 endpoints
e EPO = Default Communication Pipe
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R USB Device Framework

MICROCHIP
Regiona Training - Software View of Hardware -
Host System Peripheral Device

% 1Plpe Bundle ;:n

_____ ] -]
2 R pluliulinliel vinis LSt >
= ~— === L - o)
* 8

Buffers Interface-specific
3 D &
> Default Pipe (EPO) 3w
8 ________ _‘ C?
m § -~ —————— L - zero s
85 ®
Transfers I Data per Endpoint
Tt = — —
e 2 © S
® Controller K —— 4 SIE — — )
@ 3
< > Physical Communication Path
<7ZZzZzZz2> Logical Communication Path (“Pipe”)
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R Sending/Receiving

MICROCHIP

Regional Training O n t h e P C

Centers

m Only High Level Access
m Four Basic Function Types

m Example:

m Microchip General Purpose USB Device Driver
MPUSBOpen (...) ;
MPUSBRead(...) ;
MPUSBWrite(...) ;
MPUSBClose(...) ;

m Microsoft® WinUSB driver

WinUSB Initialize(..);
WinUsb ReadPipe(..);
WinUsb WritePipe(..) ;
WinUSB Free(..);
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meracwe - Sending/Recelving on the Device

Regional Training
Centers

m Only high level access
m Example: CDC Class RS-232 Emulation

BOOL USBUSARTIsTxTrfReady (void) ;
void putUSBUSART (char *data, BYTE Length);
BYTE getsUSBUSART (char *buffer, BYTE len);

You are not directly reading/writing
to the peripheral SFRs anymore!
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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R
Mﬁg:mp USB Tl‘ansaC’[ion

Regional Training
Centers

USB Transaction

Token Packet

(SETUP and OUT token types A
inform the target device that the Specifies:
host wants to send data. * Target device address
* Endpoint number
IN token type informs the target  Direction of the data transfer
device that the host wants to |

\fetch data. W,
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Z
M,Cé\mp USB Transaction — IN

Regional Training
Centers

USB Transaction

IN Token Packet

Data Packet

Handshake Packet

L

Acknowledge - ACK
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MicROCHIP IN Transaction ACK
Regional Training
Centers
USB Traffic USB PIC® MCU

. USB Transaction ¥ |

| IN Token Packet ¥
| (to EP1 IN)

5 Data Packet

I SFR EP1 IN BD
End Ropi\rl:/tI 1 Ipi UOWN, Length,
I P Pointer)
— 1

1

putsUSBUSART ( ) |
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MicROCHIP IN Transaction NAK
Regional Training
Centers
__________ USB Traffic ~uUsBPIC®MCU

USB Transaction

IN Token Packet

(to EP1 IN)
i SFR EP1 IN BD
! Endpoint 1 IN :
H Pointer)
Handshake '
Packet
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M,C*}\cmp OUT Transaction ACK

Regional Training
Centers

USB Traffic USB PIC® MCU

USB Transaction

ouT |
Token Packet
(to EP1 OUT) ;

>FR EP1 OUT BD

Endpoint 1 OUT) IOUIN elmefin, | g
Pointer) !

SFR EP1 IN BD
WN, Length,
Pointer)

Handshake
Packet

dpoint 1 IN e

Data Packet
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an‘z‘\cmp OUT Transaction NAK

Regional Training
Centers

USB Traffic USB PIC® MCU

USB Transaction

ouT |
Token Packet
(to EP1 OUT) ;

FR EP1 OUT BD
N Pointer)
i SAM SFR EP1 IN BD
Handshake ¥ Endpoint 11N | (UOWN Length,
Pointer)
Packet

i RAM i
: Data Packet Endpoint 1 OUT (UOWN, Length, E
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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2\ ransfer: A Group of Related

MICROCHIP

Regional Training Tr an S aCt I O n S

Centers

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

Transfer

Transaction 1
64 Byte Payload OUT Token Packet

Key:

: Data Packet
Transaction 2

64 Byte Payload ACK Handshake Packet

Transaction 3

1 Byte Payload
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K Data Transfer Types

MICROCHIP
Regional Training - Full Speed USB -
Control-> Signal and Interrupt ->
setup Guaranteed and timely
19 | =
@A@ ) ﬁ L\'/IIJA\ )-) )\ &\3-/1)%
Isochronous -> Timely but Bulk -> Guaranteed
may be corrupted (or missed) but can be untimely
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)
MICROCHIP

Regional Training
Centers

Summary - Data Transfer Types

Transfer/ % Reserved Max. # Data
Endooint Polling Interval BW/Frame for Bytes/Frame/Endpoint Data
_Tpe— g all transfers of | (Max# transactions per frame | Integrity
Ype this type @ Max Ep Size)*
Interrupt Fixed, Periodic 10 04 (1 x 64) Yes
Isochronous | Fixed, Periodic 90 1 ,023 (1 x 1023) No
Variable, Uses
Bulk Free Bandwidth 0 1 ,2 1 6 (19 x 64) VEE
Control Variable 10 832 (13 x 64) Yes

*Assumes transfers use maximum packet sizes allowed per Ep type

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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ﬂ/
R Interrupt Transfer Example

Regional Training
Centers

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

Traffic to other
Endpoints or Idle Transactions

—M /\

Ire4]] Ire4]] I

< > < > < >
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M,C*?mp Bulk Transfer Example

Regional Training
Centers

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

Transactions only
occur if no higher
priority traffic

/] \
Int. Isoc. Int. H-H H-H Int. HIH

> < > < >

A

Y

Frame
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f{&\ Theoretical Maximum Transfer

MICROCHIP

Regional Training Ra.t e P e I' E n d p O | n t

Centers

1400
1200
1000
800-
600-
400+
200-

1216

KByte/s

[JLow
M Full

Control Interrupt Bulk Iso

Transfer Type
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M,‘C}?mp Transfer Types — Examples

Regional Training
Centers

Control Control Control
+ + +
Interrupt Bulk Isochronous

) 4] s ] S
o A, o &
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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M,‘C}?mp USB Device Classes

Regional Training

@)

Communication Device
Class (CDC) MPLAB®
Keyboard . REAL ICE™
{n-circuit emulato
Custom Class
(Vendor Class)

[ Human Interface Device Class

Centers
Data Glove
Ethernet
Adapter
External
Hard Drive
PICkit™ 3
Starter Kit :
Mass Storage Device
Class (MSD)

O

O

(HID)

[ Many more classes.... ]
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)
MICROCHIP

Regional Training
Centers

USB Driver Choices

-Windows® PC Host -

Features HID CDC MCHPUSB | WinUSB LibUSB
Driver support Yes Need .inf No Need .inf No
built into Windows
64-bit PC Support Yes Yes Yes Yes Yes
XP Ready Yes Yes Yes Yes Yes
Vista Ready Yes Yes Yes Yes 32 bit
Transfer Types for user’s data
Control No No Yes Yes Yes
Interrupt Yes No Yes Yes Yes
Isochronous No No Yes No Yes
Bulk No Yes Yes Yes Yes
Max Speed 64 KB/s | ~80kB/s | ~1.0 MB/s | ~1.0 MB/s | ~1.0 MB/s

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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R\ -
MICROCHIP The Enumeration Process

Regional Training
Centers

Y POWERED

Power
(self/bus)

Cable Get Device
Connected Descriptor
SUSPENDED
ADDRESS
=~
Get

Descriptors

CONFIGURED

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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4
M,C}?mp Auto-Detection: Full-Speed

Regional Training

Centers
/’P vheral Devi
[ eripnheral Device ®
| PR USBPIC®MCU |
I ”0‘ 0."
I “
|
|
| Viysg 3-3V -
| o Full Speed Identification
I D+ line pull-up
5 kQt5% § /
| :
I :
I
. .
I Transceiver
I
Use Y- e
Connector

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101 Slide 44



7
M,C}?mp Auto-Detection: Low-Speed

Regional Training

Centers
4 erphersi Devi
I eripheral Device ®
| R USBPICMCY |
I ”0‘ 0."
I “
I
I .
| Visg 33V e
I L Low Speed Identification
I D- line pull-up
| 1.5 kQt5% = =
I .
| :
I
Transceiver
.
USB N D *
Connector
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M.c??cmp On-chip Pull-up Resistors

Regional Training

Centers
S
[ eripheral bevice B ®
I “‘i-llHlSllllllPlllglllMl?lH llllllllllllll ...
I :O “‘
| . .
I : =\ o5 3.3V
| .
| )
I On-chip pull-up
I resistors available!
|
—
| ==
I
I
@
Transceiver
O
USB \- Yty gusEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES we®
Connector
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merocwe — Address and Configuration: EPO

Regional Training
Centers

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

USB PIC® MCU

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
.

: Dual Port/Access RAM

- /

: Endpoint 0 OUT

- (Control Data) /

Control Transfers 1 -

: Endpoint O IN | |e— _

(Control Data) / Descriptors
Other Endpoints ]

""""
------------------------------------------------------
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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MICROCHIP DeSC”ptOrS

Regional Training
Centers

String O ‘ Device
String 1 _ _ _
> To other Configurations if any

String N I Configuration 1
‘To other
'Interfaces if any

Interface O Interface 1
Endpoint Endpoint Endpoint Endpoint

e Descriptors are typically stored in non-volatile/Flash memory

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101 Slide 49



ﬂ{?

MicRocHIp Descriptors - Example
Regional Training
Centers
USB 2.0, VID = 0x04DS8,
|Manu. Stringl ‘ Device PID = 0x0007, Num. Configurations,
Strings?
[ Microchip J
Configuration #1: Bus-Powered,

Remote Wakeup, 500mA, Num.
Interfaces

Configuration 1

N

IProd. Stringl

E:’ICDEMT'VI USBJ

‘4 Interface #0: HID Class, Num.
IOther Stringl IEEES 0 Endpoints
[ Go USB! J
/ _ Endpoint 1 IN, Interrupt Transfer Type,
. el el 64-byte buffer, Poll every 3 ms
Unicode

Characters
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fﬁ\ MCHPFSUSB Software Framework

MICROCHIP _ _
Regional Training - Device Descriptor Table -

Centers

musb descriptors.c

mDescriptors
nVID & PID
m Class Specific

/* Device Descriptor */
ROM USB DEVICE DESCRIPTOR device dscs=

{ 0x12, // Size of this descriptor in bytes
USB DESCRIPTOR DEVICE, // DEVICE descriptor type
0x0200, // USB Spec Release Number
CDC DEVICE, // Class Code
0x00, // Subclass code
0x00, // Protocol code
EP0 BUFF SIZE, // Max packet size for EPO,
0x04DS8, // Vendor ID

0x000C, // Product ID
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ﬂ{ﬁ\ Demo UVCView.exe

MICROCHIP _ _ _ _
Regional Training - Viewing Descriptor Information -

Centers

B USE device viewer g@|®

File Cptions  Help

= My Computer i ———===:Device Information{===—— ~
=--#8 |ntel(R) B2801G [ICHF Family] USE Universal Host Contraller - 2708 English product name: "PICDEM FS USE Demo Board (C) 2004

HUE
= mm RootHub ConnectionStatus:
=2+ [Part1] Current Config Value: 0z01 - Device Bus Speed: Full
= [Port2] : Microchip C nlISE D . Device Address: 0=01
=-e Inkel[R) 8280706 (ICHT Family] USE Universal Host Controller - 27C9 Open Pipes: 2
=& RootHub
—_—

===:Endpoint Descriptor<===

= [Portl] blength: 0=07
= [PortZ] blescriptorType: 0z05
=2 |ntelR) B2801G [ICHT Family) USE Universal Host Contraller - 27CA bEndpointiddress: 0z01 -3 Direction: OUT — EndpointID: 1
= M8 B U brittributes: 0=03 —3» Interrupt Transfer Tvype
2 [Partl wHaxPacketSize: 0=0040 = 0=40 bytes
= [Portl] bInterwal: 0=xz0
=+ [Port2]
=-e Inkel[R) 8280705 (ICHT Family] USE Universal Host Controller - 27CH ===3Endpoint Descriptor<===
- M BootHub blength: 0=07
2 [Partl] bDescr:!.ptDrType = 0=05 : . :
in i : bEndpointiddress: 081 —» Direction: IN — EndpointID: 1
#5 [Port?] : TouchChip Fingerprint Coprocessor brnattributes: 0x03 -3 Interrupt Transfer Tvpe
=-e Intel[R) 82807106 (ICHT Family] LUSE 2 Enhanced Host Contraller - 27CC wMaxPacketSize: 0x0040 = 0xd40 bytes
=M RootHub bInterwal: 0x20
-
‘;’ [Port1] ===:Device Descriptor{===
= [Poit2] blength: 0x12
==+ [Part3] bDescriptorType: 0x01
==+ [Portd] bedUSE: 0x0200
2+ [Portf] bleviceClass: 0x00 —> This is an Interface Class Defined Device
S M o) - Gereric USE Hub bDev:!.ceSuhClass: 0=z00
- : bleviceProtocol =00
-2 [Portl] bMaxPacketSizel: O0z08 = (8) Bytes
#5% [Port2] © USE Mass Storage Device id¥Vendor: 0=04D81dProduct : O=000C
#5% [Port3] © USE Composite Device bedDevice: 00000
2 [Partd] idanufacturer: . 0=01
" English (United States) "Hicrochip Technology Inc. '
= [Fort?] iProduct : =
==+ [Partd] Engli=h (United States) "PICDEM FS USE Demo Board (C) 2004°"
iSeriallumnber: 0=z00
bHumConfigurations: 0=01

===:Configquration Descriptor<{===

bElength: 0=09

bDescriptorType: 0=x02

wTotallength: 0z0020 —-» Walidated

bHumnInterfaces: 0=z01

bConfigurationValue: 0=01

iConfiguration: 0=00

bnattributes: 0z80 —» Bus Powered

MaxPower: 0x32 = 100 md v

Devices Connected: 5 Hubs Connected: 1
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Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning
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m PIC18/24/32 USB Microcontrollers
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MQ:HP

Regional Training
Centers

m“Low Power” bus-powered function
m Draws up to 100 mA (1 ‘unit load’) from the bus

Upstream
Data Port

Power Planning

- Architecture -

Function Controller +
Function

Upstream Veus
1 unit load (max)
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R Power Planning

MICROCHIP _
Regional Training - Architecture -

Centers

m “High Power” bus-powered function

® Draws 100-500 mA from the bus

m Must be able to enumerate at low power (100 mA)
m Device requests bMaxPower

m Host enables configuration with appropriate
Set Configuration request

Upstream . - _
Data Port P Function Controller Function
.—F
On/Off
1 unit load
(max)
:"" T
Upstream VBUS I '

5 unit loads (max) —> ' Regulator : |
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R Power Planning

MICROCHIP _
Regional Training - Architecture -

Centers

m“Self Powered” device

m Can optionally draw up to 100 mA from the bus
(if unsuspended) + as much as is available from
its own supply

Upstream . .
Data Port % B Function Controller ~ [<—®|  Function
+
'
= _: _______________
1 |
UpstreamVeus o ) !
P 1 unit load (max) - ! Regulator :
o |
T T
Local Power ! |
— pml Regulator
Supply ! g |
|
e I
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R Power Planning

MICROCHIP
Reglonal Tralning - Do | Need Self-Power? -
m Device will need to provide self
power If:
m |t needs to function when not attached to
the bus

m |t needs more than 500 mA

m |t needs to function when connected to
battery powered PCs, or bus-powered hubs

mi.e. needs to function during Suspend mode

© 2010 Microchip Technology Incorporated. All Rights Reserved. =~ COM 3101



Y Power Planning

MICROCHIP

Regional Training - S u S pe n d M Od e -

Centers

mBus activity may cease dueto a
host entering a “Suspend” mode
to conserve battery life

mAll devices must suspend if bus
activity has not been observed
for 3 ms

mAnd must operate with reduced
current...
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R Power Planning

MICROCHIP
Regional Training - Suspen d Mode -

Centers

s Maximum USB suspend current:
m 2.5 MA

B Don't;

Power from @ @ »,
USB Cable

A1
UL UL

§ 22|J|:_
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R Power Planning

MICROCHIP
Regional Training - Suspen d Mode -

Centers

s Maximum USB suspend current:
m 2.5 MA

m Do:

Power from @& @
USB Cable

DD

A1

<10uF
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ﬂ{ﬁ\ Self-Powered Devices

MICROCHIP _
Regional Training - Detecting a USB Attachment -

Centers

Self-Powered

Vpgys from
USB Cable ® AW LIZ Voo (3
——p 11/0
- 1
[ 1
If the device is self-powered, you C,}
MUST use a 5V tolerant I/O pin to

detect a cable attachment before
enabling the USB module and pull-up
on D+ or D-. In addition, the device
must never source current on Vg . —
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Y,
M,C*?mp Agenda — Part 1

Regional Training
Centers

m USB Fundamentals — The serious & important stuff
m Basics/Speeds

Topology/Physical Connection

Architecture/Programmer’s Model

USB Transactions

USB Transfers

Device Classes

Power Planning

Enumeration

Descriptors

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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MQ:HIP V|D & PlD

Regional Training
Centers

m Vendor ID (VID): 16-bit number

m Required to market your product

m hitp://www.usb.org/developers/vendor
m USD $2,000

m Technical & Legal trouble if not using an
approved VID

m Product ID (PID): 16-bit number

= Microchip’s Sub-licensing Program

m Every product line is required to have a unique

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo



ﬂ{?

MicROCHIP USB Compliance
m Compliance Testing 4 h
m Must pass to use USB logo USB
m Test fee: USD ~$1,500 N /

m Jests device for conformance to USB Device
Framework and Class standard control requests

m USB Protocol Analyzer
m “USBCV” USB Command Verifier
m www.usb.org/developers/tools
m Electrical Signal Quality
m Power Management

© 2010 Microchip Technolo gy Incor porated . All Rights Reserved . comMmz3i101



Y,
an‘?mp Agenda — Part 1

Regional Training
Centers

m Brief history of USB

m USB Fundamentals — The serious & important stuff
Basics/Speeds
Topology/Physical Connection
Architecture/Programmer’s Model
USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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R\ Scalable USB

MICROCHIP

Regional Training P I C® M C U PO rth | I O

~50 USB PIC MCUs

The industry’s strongest

scalable product, family,
and software migration path

FREE USB Software

(D)

O > Host Stack

% v OTG Stack
Mid-Range, Capacitive-Touch Capable

E Up to 16 MIPS Device Stack

— 64-, 80- & 100-Pin Packages v

O Up to 256 - Class Drivers

O

al - Source Code

Up to ’12 MIPS
18- to 80-Pin Packages

Migration
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USB Microcontroller Portfolio

MICROCHIP
Regional Training
Centers PIC18F4450
PIC18F4550
PIC18F14K50 PIC18F4553 PIC18F87J50 PIC24FJ256GB1XX PIC32MX4XXF512
Core 8-bit 8-bit 8-bit 16-bit 32-bit
USB USB 2.0 device USB 2.0 device USB 2.0 device USB 2.0 device, USB 2.0 device,
embedded host, embedded host, dual
dual role, OTG role, OTG
Flash 16K bytes up to 32K bytes 128K bytes 256K bytes 512K bytes
RAM 768 bytes up to 2048 bytes 3904 bytes 16K Bytes 32K Bytes
mTouch™ support yes yes, external yes, external yes CTMU yes, external
UARTSs 1 1 2 4 2
SPI 1 1 1 3 2
I’c™ 1 1 1 3 2
Peripheral Pin Select no no no yes no
ADC 10 bit, 9 10 bit, 10 and 13 ch | 10 bit, 8 and 12 10 bit, 16 channel 10 bit, 16 channel
channel 12 bit, 10 and 13 ch channel
RTCC software software software yes yes
Parallel Master Port no no yes yes yes
Analog comparators 2 2 2 3 2
Free SW Stacks yes yes yes yes yes
Free Class Drivers yes yes yes yes yes
Scalable Development yes yes yes yes yes
Environment
Packages 20-pin 28, 40, 44-pin 60, 80-pin 64, 80, 100-pin 64, 100-pin

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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R . .
e Serial Interface Engine

Regional Training
Centers

USB PIC® MCU

lllllllllllllllllllllllllllllllllllllllllllllllll

SIE ...

e Serializes and deserializes
USB data

e Encodes and decodes NRZI|
data

o Handles bit stuffing

e Checks CRC to validate data
packet

e Detects bus signaling events
and notifies the CPU through
interrupts

e Handles USB transactions

e Handles handshaking
protocol

.......
L 4

*

*
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R USB Device (Peripheral)

MICROCHIP

Regi%::;ltzrrasi"i"g EX a,m p | e Ci rC u I t

Receptacle:
PIC18, PIC24F, B
USB device e Micro B
VBus Vaus
¢ 3.3v %1 S0KQ | D-
Vuse = = D+
0 1uF GND
D-
D+

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101 Slide 69



Y,
an‘?mp Agenda — Part 1

Regional Training
Centers

m Brief history of USB

m USB Fundamentals — The serious & important stuff
Basics/Speeds
Topology/Physical Connection
Architecture/Programmer’s Model
USB Transactions

USB Transfers

Device Classes

Enumeration

Descriptors

Power Planning

VID/PID & USB Compliance

m PIC18/24/32 USB Microcontrollers
m Microchip Demo/Development Solutions
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R PICDEM™ Full-Speed

MICROCHIP

USB Demo Kit

m Contains everything you need to get started quickly
m Use with any of the PIC18F4550 family microcontrollers

m Includes self-directed class and lab material

m The Demo Kit provides all of the hardware and software
needed to demonstrate and develop a complete USB
communication solution

m Priced from $59.99

m Part Numbers
s DM163025

m Available Now
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R PIC18FXXJ50 Full-Speed

MICROCHIP

~me USB Plug-In Module (P1IM)

m Contains everything you need to get started quickly

m Use with any of the PIC18F87J50 or PIC18F46J50 family
microcontrollers

m Can be plugged into PICDEM™ HPC Explorer Board or
PICDEM PIC18 Explorer Board

m Can be operated as a stand-alone board
m Priced from $40.00

m Part Numbers

MA180021 - PIC18F87J50 FS USB PIM
MA180024 - PIC18F46J50 FS USB PIM
DM183022 - PICDEM HPC EXPLORER BOARD
DM183032 - PICDEM PIC18 EXPLORER BOARD

m Available Now
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&
M.C‘?cmp PIC18 Starter Kit

Regional Training
Centers

Functions as a USB mouse, joystick or mass storage
device all using the on-board capacitive touch sense
pads

Includes a MicroSD™ memory card, potentiometer,
acceleration sensor, and OLED display

On-board debugger/programming
Completely USB-powered

Demonstrates PIC18F46J50 weLag: starter KN

for PIC1B

m USB communication
Priced from $59.98

Part Numbers
s DM180021

Available Now
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R\ Low Pin Count

MICROCHIP

USB Development Kit
m Contains everything you need to get started quickly

m Use with new 20-pin PIC18F USB microcontrollers —
PIC18F13K50, PIC18F14K50

m |Includes self-directed class and lab material

m Quickly implement common USB functions:
m RS-232 to Serial
m Keyboard/Mouse, etc...

m Priced from $39.99

m Part Numbers
m DV164126 (W/PICKit™ 2)
s DM164127

m Available Now
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A 16-/32-bit USB Development

MICROCHIP

Regional Training
Centers

m PIC24F Starter Kit 1
m Part# DM240011
m PIC24FJ256GB110
Priced from $59.99

m PIC32 USB Starter Board Il
m Part #: DM320003-2
m PIC32MX795F512L
Priced from $55.00

m Explorer 16 + USB PICtail™ Plus
Daughter Board + USB PIMs

m Part # MA320002/MA240014

Board

Thumb Drive
Debugger Connection
Port (Host)

On-The-Go Port
(Dual-Role)

m Part # AC164131
m Part # DM240001

Priced from $214.99
m All Available Now
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2. APP013

Regional Training
Centers

= APPOL3ffI A H DM163025, [FIEifE 4)F:
(CAN, LCD Module and ICSP)
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:A;C%HIZ APPO013 Hobby Kit

Centers

= Hobby Kitﬁ@APPOlBEﬁJ%”ﬁ LN P73 i ol
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k) Microchip USB Frameworks

MICROCHIP _ _
Regional Training - www.microchip.com/usb -

Centers

m MCHPFSUSB Framework
m PIC18F & PIC24F & PIC32 USB MCUs
m C18/C30/C32 Compatible
= MPLAB® IDE Project Centric

m Device Stacks

= Audio, HID, CDC, MSD, Custom

m Polling or Interrupt driven
m Embedded Host Stack

m PIC24F & PIC32 USB MCUs

m Polling or Event-driven Scheme

m Client drivers for CDC, Charger, Custom, HID, MSD, Printer
m On-The-Go (OTG) Support

m PIC24F & PIC32 USB MCUs
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MICROCHIP
Regional Training
Centers
. . : Q.03 o
m  Microchip USB Design Center T e i o —- ]
Tmesocwe | " o e |
http://www.microchip.com/ush
,_ nter & i FARA]
tarted » Developme !
| Documentation = Circuit Diag
ing Support » Silicon So

“éi n General » Technical

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I e A 1D LSS L B D Ly D T S M

T

& : : [
QI | & ﬂmﬂﬂmlﬁ;&lm-ﬂﬂﬁlﬂumm@ BT CSNT P, [ e

m Buy USB Development Boards and Kits from microchipDIRECT
www.microchipdirect.com

m Detailed Product Information at:
m www.microchip.com/pic32

m www.microchip.com/pic24

m www.microchip.com/pic18
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MQHP QU |ZI

Regional Trainin g
Ce

s Maximum number of devices USB
can support?

mNumber of pins in a standard USB
connector?

sWhat Is FS USB data rate?
m\Which direction is Data-IN?
mUSB data transfer types?
m\What Is USB Enumeration?
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Part 2.

Introduction to Microchip’s USB Device Frameworks




%
M,C*?mp Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

m  Microchip Application Libraries
MCHPFSUSB PC Tools
m Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la- Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)
m Editable Files Description
m usb_descriptors.c

m hardware_profile.h
m usb_config.h

m Event Handler Function

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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kN MCHPFSUSB Device Side Class

MICROCHIP

Frameworks Available

Centers

(0]
Mass Storage Device
Class (MSD)
Communication Device
Class (CDC)

Keyboard

(0]

(HID)

[ Human Interface Device Class

Custom Class
(Vendor Class)
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MicROCHIP Human Interface Device (HID)

Regional Training
Centers

PIC® Microcontroller

HID\Mouse

PC Computer

I

I

I

: HID Bootloader
I

I

USB Cable

(o

« 64 KB/s max

esign Considerations:

* Interrupt Transfer Type

« Standard Windows driver

« Custom PC application can access HID data
K through Win32 APIs

J

© 2010 Microchip Technology Incorporated. All Rights Reserv
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MICROCHIP CDC — RS-232 Emulation
Regional Training
PIC® Microcontroller | PC Computer ________
CDC

I
I Standard Windows Drivers Hyper Terminal
I
I
I

e

USB Cable INF File Required
| I (Supplied in MCHPSUSB)

Design Considerations:
« ~80 KB/s max
* Bulk Transfers
« PC applications can access the device as though it
Is connected to a serial COM port Y
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Mf:‘?mp Mass Storage Device (MSD)

Regional Training
Centers

See AN1189: Implementing a Mass Storage Device Using the Microchip USB
Device Firmware Framework

PIC® Microcontroller PC Computer
——————————————— 1 e e e el |
:- : : _ I
: MSD | : Standard Windows Driver Vg)‘(r;?gr\’:j :
| : : :
I I I I
: USB Cable :
ﬁ)esign Considerations: \

» Acts like a disk drive

« Fast data transfer over 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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2 |
MICROCHIP Custom Class Driver

Regional Training
Centers

PIC® Microcontroller PC Computer

Generic Driver Demo
MCHPUSB.sys MPUSBAPI.dIl PDFSUSB.exe

|
1
|
I Bootloader
: Binary Only Sogirrclzra”d Other C++
! USB Cable = = Y Examples
1
: I : INF File Required Source and
R e ! e e __ Binary_ _
/Design Considerations: I

« ~1,088 KB/s max
» Very flexible (Control, Bulk, Int, Iso Transfers are
possible)
* Not a standard Windows driver
\___* PC programming_is required J
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M,C*?mp Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

:>- Microchip Application Libraries
m MCHPFSUSB PC Tools
m Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la- Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)
m Editable Files Description
m usb_descriptors.c

m hardware_profile.h
m usb_config.h

m Event Handler Function

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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R . .
M.c?}\m.p Microchip Application Libraries

Regional Training
Centers

® Download from www.microchip.com/MAL

m Contains different stacks (USB, TCP/IP,
Graphics, mTouch™ etc.)

m Default installation path:

C:\Microchip Solutions v20xx-xX-xx\
For Example:
C:\Microchip Solutions v2011-10-19

m Contains libraries source code and several
example firmware projects based on Microchip’s
Development Tools
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R\ Libraries Source Files Directory

MICROCHIP . . . . .
Regional Training - C:\Microchip Solutions\Microchip -

Centers

= [ Microchip
I3 Commaon
I Graphics
I Help
I3 Image Decoders

= 3D Include < Common Header files (Libraries)
[ Graphics
[) Image Decoders
[ MDD File Swstem
[ mTouchCap
[ PIC18 salloc
[ TEPIP Stack
) UsE < USB Header files
| MDD File System
I mTouchCap
I PIC1E salloc
(=) TCPIP Stack
= ) UsE
[ Audio Dervice Driver -\
[ <O Device Driver
(=) 0T Hosk Driver
[= Charger Hask Driver
[ Documentation
(& Generic Device Driver >- Function and client drivers
[ Generic Hosk Driver
(=) HID Device Driver
(=) HID Hosk Driver
(2 MSD Device Driver
[ MSD Hast Driver
[ Prinker Host Driver -/
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ﬂ{ﬁ\ MCHPFSUSB Framework

MICROCHIP
Regional Training - Supported Platforms -

Centers

m Low Pin Count USB Development Kit (PIC18F14K50 Family)
s PICDEM™ Full Speed USB (PIC18F4550 family)

s MPLAB® Starter Kit for PIC18F MCU (PIC18F46J50 family)

m PIC18F46J50 FS USB Demo Board (+ HPC Explorer Board)
m PIC18F87J50 FS USB Demo Board (+ HPC Explorer Board)
s MPLAB Starter Kit for PIC24F (PIC24FJ256GB110 family)

s PIC24F USB PIM (+ Explorer 16 + USB PICtaill™ Plus)

m PIC32 USB PIM (+ Explorer 16 + USB PICtalil Plus)

m PIC32 USB Starter Board (PIC32MX460F512L family)

m PIC32 USB Starter Board Il (PIC32MX795F512L family)
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M,C*?mp Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

m  Microchip Application Libraries
—m MCHPFSUSB PC Tools
m Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la - Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)
m Editable Files Description
m usb_descriptors.c

m hardware_profile.h
m usb_config.h

m Event Handler Function
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Mfcfn‘?cmp MCHPFSUSB PC Tools

Regional Training
Centers

m Microchip General Purpose USB Driver

A general purpose Windows® driver which can be used by
Windows applications to interface with a custom class USB
device

m PICDEM™ FS USB Demo Tool

A computer program demonstrates basic USB
communication using the Microchip Custom class driver
with a Windows GUI based application

m USB CDC Serial Demo

A simple .inf file that needs to be supplied to Windows the
first time you connect a CDC device to your PC

m Microchip USB OTG Configuration Tool

A simple to use interface to help generate the configuration
files required by the USB stack
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MQHIP mchpcdc .inf

Regional Training
Centers

m.inf file tells Windows® how to
configure and use a device

m Device Manager reads the VID and
PID from the target device

m\Windows uses .inf file to:

mAssociates driver to use with VID & PID
mSpecifies device identification strings

m Specifies source and destination of
device files

m Sets reqgistry keys
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Y mchpcdc.inf

MICROCHIP
Regional Training - Editable Sections -

Centers

; Note: One INF file can be used for multiple devices with different VID and PIDs.

; For each supported device, append ",USB\VID xxxx&PID yyyy" to the end of the line.
[SourceDisksFiles]

[SourceDisksNames]

[DeviceList]

%DESCRIPTION%=DriverInstall, USB\VID_O4D8&PID_OOOA

[DeviceList.NTamdé64]
%$DESCRIPTION%=DriverInstall, USB\VID_04D8&PID_OOOA

14

[Strings]

MFGFILENAME="mchpcdc"

DRIVERFILENAME ="usbser"

MFGNAME="Microchip Technology, Inc."
INSTDISK="Microchip Technology, Inc. Installation Disc"
DESCRIPTION="Communications Port"

SERVICE="USB RS-232 Emulation Driver"
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merocwe  USB Stack Configuration Tool

Regional Training
Centers

Main:
m Target Device
m Device Type

m Ping-Pong
Mode

N Microchip USB OTG Configuration Tool v2.5.0.0
File Help

L ET lF'eripheraI] Huost ] OTG ] TPL ] CoOC ] Eharger] Generic] HID ] b azz Stnrage] F'rinter]

Target Device Family Device Type
FIC24/dsPIC |

{« iISE Penpheral Device

" USE Embedded Host

" USE Dual Role

C USBOTG

Fing-Paong Mode

™ Mo Fing-Pang
" Ping-Pong on EPD OUT Only
{* Ping-Pong on Al Endpoints

" Ping-Pong on EP1-EF15 Only

S=1fE

A8\ MicrocHIP ] ererte
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MICROCHIP

Regional Training

Centers

Peripheral:

VID &PID
Speed

USB operation
Transceiver
options
Device and
configuration

descriptors
pointers

Endpoint O
Buffer Size

# interfaces
# strings

N Microchip USB OTG Configuration Tool v2.5.0.0
File Help

Main  Peripheral lH-:ust ] OTG ] TPL ] CoOC ] Eharger] Generic] HID ] b azz Stnrage] F'rinter]

Peripheral Mode must be configured far the applicatian.

USB Stack Configuration Tool

Peripheral [dentification USE Speed USE Operation Tranzceiver Internal Pull-ups
Vendar ID [¥ID) 00408 'S " Puolling i+ |nternal {+ Enabled
Praduct ID (PID); 100004 o " Interrupts | | ¢~ Eyternal  Disabled

Device Descriptor EPO Buffer Size s~

[v Cugtom Device Dezcrptor Mame and External Declaration

- M axirnurm Alternate Interfaces
|&dew:e_dsc

|e:-:tern ROM USE_DEVICE _DESCRIPTOR device_dsc

) ) ) Muriber af String D ezcript
Configuration Descripkar SIS e

[w Cugtom Configuration Descriptor Mame and External Declaration

\USE_CD_Ptr
|estern ROM BYTE *ROM USE_CD_Pt]

=l

Highest Endpaint Humber Lzed | a :"

i =

A8\ MicrocHIP ] ererte

© 2010 Microchip Technology Incorporated. All Rights Reserved.

COM 3101

Slide 97



"X
MQ:HIP

Regional Training
Centers

N Microchip USB OTG Configuration Tool v2.5.0.0

USB Stack Configuration Tool

EBX]

Function: e e
- b ainy ] F'eripheral] Huost ] OTG ] TPL chC l Charger ] Genenc ] HID ] b azz Storage ] Printer ]
u Cl ass s p ecl fl C v iCDC Funchion iz used in Peripheral mode I
Interface
(@) p tl ons Communication Class [nterface
H Interface 1D 000
= Endpoint used e
p E ndpaint 2 h
| EndeInt Size [bytesz) g h
configuration
Data Clazz Interface
Interface 1D 0x1
E ndpaint 4 h
IN Size [hytes) 64
OUT Size [bytes) |54 T
A8\ MicrocHIP ] ererte
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%
M.C‘?cm Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

m  Microchip Application Libraries
= MCHPFSUSB PC Tools
—ym Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la - Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)
m Editable Files Description
m usb_descriptors.c

m hardware_profile.h
m usb_config.h

m Event Handler Function

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101

Slide 99



R USB Device Framework

MICROCHIP _
Reglonal Training - Software View of Hardware -

Centers

Peripheral Device

® Function:

usb function audio.c
usb function cdc.c
usb function generic.c
iI Interface-specific usb_function_hid .C
: usb function msd.c
USB Logical — —

Endpoint Device
zero

Interface FunCtlon

1aAe uonouny

1ahe
JIA8Q gsSNn

m USB Logical Device:

iI Data per Endpoint qu_deVJ-ce .C

USB Bus Interface

Jahke
aoedU| shg

SIE

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101 Slide 100



"X
Migimp

Regional Training
Centers

Ml USB Device - CDC - Serial Emulator - €18 - PICDEM FS... [ |[B]X]

= I:I USB Device - CDC - Serial Emulator - C18 - PICDEM FSUSB.mcp
main, C
=10 UsE stack
ush_function_cde.c @ OnNe Or more
usb_descriptors.c \
=3 Commen Mandatory
Compiler. b
HardwareProfile - PICDEM FSUSE.h
HardwareProfile.h
ush.h
usb_ch9.h
ush_device.h
ush_Funckion_cde.h
usb_hal_picid.h
usb_config.h
3 Library Files
=] [0 Linker Scripk
(23 other Files
[ Files 4’@ Symbals

=-[C3 source Files
/ Mandatory
ush_dewvice.c
=23 Header Files
GeneticTypelefs.h
=[] UsE Stack
usb_comman.h
ush_hal.h
3 Cbiject Files
= rm18F4550 - HID Boatload ke
© 2010 Microchip Technology Incorporated. All Rights Reserved.

Generic USB Device Project

Must have main () function

(main.c)

Must include:
usb device.c

usb descriptors.c

Can include one or more

function drivers (composite

devices)
Must have the path

“<user>\microchip\include’

INto Include Search Path of
building option

COM 3101
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A
MQHIP Lab Prepare

Regional Training
e

= Install MPALC IDE (v8.76)
= Install MPLAB C18 (v3.40)

m Install Microchip Application Libraries
(v2010-10-19)

m Copy Microchip USB Stack to

exercise directory.
Copy
C:\Microchip Solutions v2010-10-19\Microchip

to
COM3101T\Exercise\

© 2010 Microchip Technology Incorporated. All Rights Reserved. =~ COM 3101



Lab Exercise 1a
Create an USB template project (Polling)




.
Mfcfn‘?cmp Lab Exercise la

Regional Training
Centers

m Objectives

mUse USB Configuration Tool to configure
the MCHPFSUSB Device Framework

mCreate a new CDC Device project from
scratch

m Put your name as Product string

mComplete the project with missing code
as described in the Lab Manual

© 2010 Microchip Technology Incorporated. All Rights Reserved. =~ COM 3101



f{? MCHPFSUSB Framework

MICROCHIP

Regional Training
Centers

Reset | main ()

Cooperative
Multitasking!!

No blocking
functions.

Use state
machine.

while (1)

!

USBDeviceTasks ()]

!

ProcessIO()

- Polled Program Flow -

You edit
UserInit ()

USB Stack

_—

l

Function
Services

Your application
code

CDCTxService ()
MSDTasks ()

Re-arm OUT Endpoint
(HID & Generic)

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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e
Mié?cmp Code Example

Regional Training
Centers

Main.c

#include “Compiler.h”

#include “USB\usb.h” . .
#include “USB\usb function cdc.h” Needed (usb config.his called by usb.h)

#include “HardwareProfile.h”

void UserInit (void){

- } Put your initialization code here

}

void ProcessIO(void){
if ((USBDeviceState < CONFIGURED STATE) | | (USBSuspendControl==1)) return;

} Put your application code (state machine) here
CDCTxService() ;

}
static void InitializeSystem(void) {
#if define ..
#endif . -
UserInit () ; Conditional compiling (no need to change)
USBDeviceInit () ;
}

int main(void) {
InitializeSystem() ;
while (1) {
USBDeviceTasks () ; No need to change

ProcessIO();

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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MQHP

Regional Training
Centers

m Use USB Configuration Tool to create:
“usb_config.c” and “usb_config.h”
Page Main:PIC18
Page Peripheral:Polling
Page CDC:Enable CDC Functioniis ....

m Click Generate

Lab Exercise la-1

8 Microchip USE OTG Configuration Tool v2.6.1.0

B Microchip USH OTG Configuration Tool v2.6.1.0 B Microchip USE OTG Configuration Tool v2.6.1.0
Bl Eelp B el B el
Man | Peighersl| ot | OTG | TPL | CDC | Chanper | Genesic | HID | Mass Storage | Prinies | Man  Peipherdl | Mot | OTG | TPL | COC | Charges | Genesic | HID | Mate Stceage | Printat | Mo | Pesgherad| Host | 010 | TPL COC | Charges | Genenic | HID | Mags Sioesge | Printer |
Perpheral Mods must b corhigued for the sophestion. I & [ Fureiian s watwd i Eregiol mode l
Taget Diavice Fimndy Device Type PingPong Mods
Al =l & [5H Fovphenn Doveen T BoFingPong Patigheral | dentifcstion USE Speed USE Dparion | Wrsnscsiver |~ Inbemal Pubips
00 - a - & Er Commurication Clars Interface
¢ PingsPong o EFIOUT Oy Vinda ID VD Lo Spee Poling Inter Ensbied =
Product i FAD}. (00000 & FulSpeed] | Intemgie ™ Evemd | ¢ Diabled ebedoce 10
 PingPong on Al Endoonts Endpoint @ =
£ Pingong on EF1EP1S Ory DA EPO Bt Size s >l Size bytes] =l
Musionn Mbemde Insdaces [0 =]
r Diota Class Interloce

Highet Envcintturber Used (6 =] -

Insface 1D 0t
e Number of Stng Desciptors |3 ] S 7 =
- 14 Size [oytes] M=
OUT Senibptes) 1S4 =

A\ MicrocHIP e A\ MicrRocHIP A erene A3\ MicrocHip R erme
COM 3101 Slide 107

© 2010 Microchip Technology Incorporated. All Rights Reserved.



ﬂ{?

MICROCHIP Lab Exercise l1la-2

Regional Training
Centers

Use MPLAB IDE project wizard to create a project.
MCU:PIC18F4xJ5x, Compiler MPLAB C18.

Add 2 “include file path” to Build Options
“.7and “..\Microchip\Include\”

Add 5 source code file (.c) to Project.
“main.c”, “usb_config.c”, “usb_descriptors.c’,

Usb device. c’, “Usb functlon _cdc.c” (Locatlon :USB stack)

Add 5 #include to main.c
#include "Compiler.h”

#include "HardwareProfile.h”
#include “usb_config.n®

#include "USB\usb.h”

#include "USB\usb_function_cdc.h”

Modify the product string descriptor to put your name.
(sd002, usb_descriptor.c)

Build & Program ...
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R
MQ:HP Lab 1a ReSUItS

Regional Training
Centers

BRE AIW BAQ HEE
g 2

m System can find a new
o — USB device. When
: %iEEEA1T3P£§hI:‘I}f§§E$IJ%% plug |nt0 USB port_

[§ PCMCIA D+
Fl- M Becure Ddgital host contoollers

aM Diriver
2 T m The device product
Ll HieE .

43 Lab 1a- Polling name IS your name.
@) B AR
w - A SRS
+ g IR
o SEF A I RS
+ Y SEfEE (COM F0LPT)
+ ) FRFEIEEES

. =

- ﬁ Eia
W ESRds
e [EEHE

F-Eg HEE T ET
L BigiE

e FEEE

w- BEES

W BT

[

[ [H--F

-

[+

SURE: 0
Lab 1a- Palling

=

+
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Lab Exercise 1b

Create an USB template project (Interrupts)




.
M.C‘?cmp Lab Exercise 1b

Regional Training
Centers

m Objective

s Modify the solution of Lab lato
iImplement interrupts USB operations

© 2010 Microchip Technology Incorporated. All Rights Reserved. =~ COM 3101



f{‘.\ MCHPFSUSB Framework

MicrocHIP
Regional Training - Interrupt Program Flow -

Centers

Reset ——p{ main () You edit

UserInit ()

Notifies the stack
when the device is

USB Interrupt attached
Context ——>| while (1)
USBDeviceTasks () 1 _ .
Your application
ProcessIO() code
1 CDCTxService ()
Function MSDTasks ()
Services Re-arm OUT Endpoint

(HID & Generic)
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e
MQHIP Code Example

Regional Training
Centers

Main.c

#include “Compiler.h”

#include “USB\usb.h”

#include “USB\usb function cdc.h”
#include “HardwareProfile.h”

void UserInit (void){

- } Put your initialization code here

}

void ProcessIO(void){
if ((USBDeviceState < CONFIGURED STATE) | | (USBSuspendControl==1)) return;

) } Put your application code (state machine) here
CDCTxService() ;

Needed (usb config.his called by usb.h)

| USBDeviceTasks () |

}

static void InitializeSystem(void) {
#if define .. . -
#endif Conditional compiling
UserInit(); (no need to change)
USBDeviceInit () ;

}

int main(void) {
InitializeSystem() ;
| USBDeviceAttach() ; |
while (1) { No need to change
ProcessIO();
}

is executed in an ISR
(High Priority PIC18,
_USBlInterrupt ()

PIC24 & PIC32)

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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MQHP

Regional Training
Centers

m Use USB Configuration Tool to create:
“usb_config.c” and “usb_config.h”

Page Main:PIC18
Page Peripheral:PID->0x000A, Interrupt

Page CDC:Enable CDC Functioniis ....
m Click Generate

Lab Exercise 1b-1

M Microchip USB OTG Configuration Tool v2.6.1.0

8 Microchip USE OTG Configuration Tool v2.6.1.0

8 Microchip USE OTG Configuration Tool v2.6.1.0

Bl Eelp B el B el
Man | Peighersl| ot | OTG | TPL | CDC | Chanper | Genesic | HID | Mass Storage | Prinies | Man  Peipherdl | Mot | OTG | TPL | COC | Charges | Genesic | HID | Mate Stceage | Printat | Mo | Pesgherad| Host | 010 | TPL COC | Charges | Genenic | HID | Mags Sioesge | Printer |
Perpheral Mods must b corhigued for the sophestion. I & [ Fureiian s watwd i Eregiol mode l
Taget Diavice Fimndy Device Type PingPong Mods
Al =l & [5H Fovphenn Doveen T BoFingPong Patigheral | dentifcstion USE Speed USE Dparion | Wrsnscsiver |~ Inbemal Pubips
00 - a - & Er Commurication Clars Interface
™ Prapong on EFD OUT Orky Wendar 1D VIO Lome Speey Feling Interrial Enabed -
Product i FAD}. (00000 & FulSpeed] | Intemgie ™ Evemd | ¢ Diabled ebedoce 10
 PingPong on Al Endoonts Endpoint @ =
£ Pingong on EF1EP1S Ory DA EPO Bt Size s >l Size bytes] =l
Musionn Mbemde Insdaces [0 =]
r Diota Class Interloce
Highet Envcintturber Used (6 =] -
Insface 1D 0t
e Number of Stng Desciptors |3 ] S 7 =
- 14 Size [oytes] M=
OUT Senibptes) 1S4 =
A\ MicrocHIP e A\ MicrRocHIP A erene A3\ MicrocHip R erme
COM 3101 Slide 114
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MQHIP Lab Exercise 1b-2

Regional Training
Centers

m Use MPLAB IDE Open the project

m Modify and add some code to main.c .
void main()

{

Hif defined(USB_INTERRUPT)
If(USB_BUS SENSE && (USBGetDeviceState() =
DETACHED STATE))
USBDeviceAttach();
#endif

Hif defined(USB_POLLING)
USBDeviceTasks();

}

m Modify the product string descriptor to put your

name.
(sd002, usb descriptor.c)

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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M.C‘?cmp Lab Exercise 1b-3

Regional Training
Centers

m Modify and add some code to main.c .

void ProcessIO()

if((USBDeviceState < CONFIGURED STATE)||(USBSuspendControl==1))

return;
switch (mLED 1)
{
casel
if(sw) mLED_1=0; break;
case O:
if('lsw) mLED_1=1;break;
default:
mLED_ 1=0;
}

CDCTxService();

void Userlnit()

mInitAlILEDs();
minitAllSwitches();

}
m Build & Program ...
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MQ:HP Lab 1b ReSUItS

Regional Training
Centers

e R T EIBI5 g System can find a new USB
H 8 2E device. When plug into USB

JOR LD aM-S7T

# 5 DYDVCD-ROM it PO It.

i+ =4 IDE ATA/ATAPI 35588

: ?E@Eﬁ&f}%ﬁ-ﬁ%ﬁm m The device product name is
+ - Secure Digital host controllers

+_\>SMDriver your name_

g AT R

+ -y FRifEE .

- ) BipaeE m |ntstall driver

%3 Lab 1b - Interrupt

0 @, S ¢ WERBEEEH] path:\USB Tools\USB CDC Serial
S s Demo\infimchpcdc.inf
o SEAFFFIRE AR5

i ' sEizts oM FILPT T~ | = SEREE (COM FOLET)

2 Qé RE B RIS E r'y‘ Commumcations Port (COMT)

: : 2}% F"a-f TnteliB) Active Management Technology - 30L (COM4)
W EERER

+ e fEERREE .

: iﬁﬁﬂﬁﬂﬁ—ﬁ T — L] Try to press switch !

1 BIEHE L )

e Lab 1 - Interrugt LED is turn On and Off.

t- @ Bm
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%
M,C*?mp Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

m  Microchip Application Libraries
m MCHPFSUSB PC Tools

m Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la- Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)

—ym Editable Files Description

m Uusb _descriptors.c
m  hardware_ profile.h
m usb _config.h

m Event Handler Function

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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M.c?}\ocmp Generic USB Project

Regional Training
Centers

m General structure

.\Your application
main.c
usb descriptors.c _ .
HardwareProfile.h Editable files
usb config.h

.\Microchip
\Include
\USB

\ Common

\...
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fﬁ\ MCHPFSUSB Framework
- Editable Files -

MICROCHIP

Regional Training
Centers

musb descriptors.c
m Define your device descriptors

= VID & PID

m Class Specific (may not need to change)

m Strings

/* Device Descriptor */

ROM USB DEVICE DESCRIPTOR device dsc=

{ 0x12,
USB DESCRIPTOR DEVICE,
0x0200,
My Class code,
My Subclass code,
My Protocol code,
EP0 BUFF SIZE,
My VID,
My PID,

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

Size of this descriptor (byte)
DEVICE descriptor type

USB Spec Release Number

Class code

Subclass code

Protocol code

Max packet size for EPO
Vendor ID

Product ID

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP

Regional Training

MCHPFSUSB Framework

Centers

B HardwareProfile.h

- Editable Files -

m Define your board & hardware initialization

routines

// #define USE SELF POWER SENSE IO
#define tris self power TRISAbits
#if defined (USE SELF POWER SENSE IO)

#define self power PORTAbits.
#else

#define self power 1
#endif
//#define USE USB BUS SENSE IO
#define tris usb bus sense TRISAbits
#if defined (USE USB BUS SENSE IO)

#define USB BUS SENSE PORTAbits.
#else

#define USB BUS SENSE 1

#endif

.TRISAZ2

RA2

.TRISAl

RA1

// Input

// Input

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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f{? MCHPFSUSB Framework

MICROCHIP _ _
Regional Training - Editable Files -

Centers

musb config.h

m Define framework options (use configuration tool)
m USB Definitions
m Device Class Usage
m Endpoint Allocation
/*%* DEFINITIONS **%kkkkkkkhhkhhhhhkhhhhhhhhhhhhhhhhhhhhhkhkkkhdk /

#define USB EPO BUFF SIZE 8 // Valid Options: 8,
// 16, 32, or 64 bytes.

//#define USB POLLING

#define USB_INTERRUPT

//#define USB SPEED OPTION USB LOW SPEED //(not valid option
// for PIC24F devices)

#define USB SPEED OPTION USB FULL SPEED

#define USB SUPPORT DEVICE

/** DEVICE CLASS USAGE **%%kkkkkkdkkkhkhkkdhhhhkdhkhhkdhhkhrhkddkx /

#define USB USE CDC
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%
M,C*?mp Agenda — Part 2

Regional Training
Centers

m Design Considerations

m The MCHPFSUSB Device Framework

m  Microchip Application Libraries
MCHPFSUSB PC Tools

m Basic USB Device Project Structure (Polled vs.
Interrupt-Driven)
m Lab la - Create an USB template project (Polling)
m Lab 1b — Create an USB template project (Interrupts)

m Editable Files Description
m usb_descriptors.c

m hardware_profile.h
m usb_config.h

—ym Event Handler Function

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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Z
M(C}?mp Call Back Function

Regional Training
Centers

m The USB firmware stack will call a callback
function in response to certain USB related
events

. Application Layer

CALLBACK | !
: MAIN ;
. | PROGRAM \ ALl i
"USB firmware » 7

§ stack LIBRARY
| FUNCTION

m You can modify that callback function to take
appropriate actions for each of these
conditions
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M.cé?cmp Event Handler Function

Regional Training
Centers

B BOOL USER USB CALLBACK EVENT HANDLER
(USB EVENT event, void *pdata, WORD
size)

Parameters:

B USB EVENT event
The type of event
m void *pdata
Pointer to the event data

B WORD size
Size of the event data

Output:
m The function should return TRUE (not used)

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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MICROCHIP

Regional Training
Centers

EVENT NONE
EVENT TRANSFER
EVENT SOF

EVENT_RESUME
EVENT_SUSPEND
EVENT_RESET
EVENT_STALL
EVENT_SETUP
EVENT_CONFIGURED

EVENT SET_DESCRIPTOR
EVENT EPO_REQUEST

EVENT BUS_ERROR

USB Device related events

No event occurred (NULL event).
A USB transfer has completed.

A USB Start of Frame token has been
received.

Device mode resume received.

Device mode suspend/idle event received.
Device mode bus reset received.

A stall has occurred.

A setup packet received (data: SETUP_PKT).

Notification that a SET_CONFIGURATION()
command was received.

A SET _DESCRIPTOR request was received.

An endpoint 0 request was received that the
stack did not know how to handle. This is most
often a request for one of the class drivers.
Refer to the class driver documentation for
information related to what to do if this request
IS received.

There was a transfer error on the USB.

© 2010 Microchip Technology Incorporated. All Rights Reserved.
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R Example

MICROCHIP
Regional Training - CDC device -

Centers

BOOL USER USB CALLBACK EVENT HANDLER
(USB_EVENT event, void *pdata, WORD size)

switch (event)
{
case EVENT CONFIGURED:
CDCInitEP() ;
break;
case EVENT EPO REQUEST:
USBCheckCDCRequest () ;
break;
default:
break;

}

return TRUE;

}
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Part 3.

Using the Microchip CDC
Class Device Framework




%
M.C‘?cm Agenda — Part 3

Regional Training
Centers

m QOverview of USB 2.0 CDC Class
m  Abstract Control Model

m  Microchip CDC-Class APIs
m Lab 2 - Sending and Receiving strings
m Lab 3 - Sending and Receiving raw data

B RS-232 Replacement (Optional)

m Lab 4 - Migrating Applications to USB from RS-232
UART

m |Lab 5- Adding a Serial Number String Descriptor
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%
Mﬁé\cm CDC Pipes

Regional Training
Centers

usbser.sys
Communication
Pipes in Windows

Notifications

MCHPFSUSB
CDC TX/RX
Functions

Generic Data

- Analog/
Qp?ehgiﬁLass Digital I/0O
requests {

(Device
Management)
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%
M.C‘?cm Agenda — Part 3

Regional Training
Centers

m QOverview of USB 2.0 CDC Class

m  Microchip CDC-Class APIs
m Lab 2 - Sending and Receiving strings
m Lab 3 - Sending and Receiving raw data

m RS-232 Replacement(Optional)

m Lab 4 — Migrating Applications to USB from RS-232
UART

m Lab 5- Adding a Serial Number String Descriptor
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%
MQHIP CDC RS-232 Emulation APIs

Regional Training
Centers

B Public API Members:

void putrsUSBUSART (const ROM char *data);
void putsUSBUSART (char *data);

void putUSBUSART (char *data, BYTE Length);
BYTE getsUSBUSART (char *buffer, BYTE len);
void CDCTxService(void) ;

void CDCInitEP (void) ;

Refer to MCHPFSUSB Library Help.chm
\Microchip Solutions\Microchip\Help\
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MicRocHIP Importance of Checking State

Regional Training
Centers

m When calling an APl that sends data to the host,
must check that CDC state machine is ready to
transmit, using the macro:

BOOL USBUSARTIsTxTrfReady (void) ;
Returns ‘1" when CDC state is CDC_TX READY

m Example:
if (USBUSARTIsTxTrfReady ())

{

putrsUSBUSART (“Hello World\r\n”) ;

}

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101
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Lab Exercise 2

Sending and Receiving strings




R Lab 2

MIcRoOCHIP _ o _
Regional Training - Sending and Receiving strings -

Centers

m Objectives 1

m \Write code that sends a literal null-terminated string of text
(“This is Microchip USB CDC Demo!\r\n") to the PC

when switch is pressed

m |ab2a()
{
if (SwitchlsPressed())
{

... [/ Add your code
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R\ Lab 2

MIcRoOCHIP _ o _
Regional Training - Sending and Receiving strings -

Centers

m Objectives 2

m Write code that reads data from USB bus
and toggles LED 1 when the char received
equals ‘A’ or the string received equals
“Microchip”

= lab2b( )

.../l Add your code
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MQ:HIP Lab 2 Results

Regional Training
Centers

m Hyper terminal received a string, when
switch Is pressed.

m LED1 is toggle, when type ‘A’ or ‘a’.

m LED1 is toggle, when send the string to
VCOM port. e ..
“Microchip” iz £ recis U8 &% B

YC++ COM porxt example
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Lab Exercise 3

Sending and Receiving raw data




Mé:fn{?cmp Lab 3
Regional Tralning - Sending and Receiving raw data -
m Objectives 1
Write code that sends the following 4
bytes of data {0x30, 0x31, 0x32, 0x33}

when switch is pressed
m lab3a( )

m Objectives 2
Write code that reads data from USB
bus and toggles LED 1 when the data
received equals {0x61, 0x62, 0x63, 0x64}

m [ab3b( )
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MQHIP Lab 3 Results

Regional Training
Centers

m Hyper terminal received a raw data, when
switch Is pressed.

m LEDI1 is toggle, when send the raw data
to VCOM port.

“g COM3101 Hyperie: al Connection - #B§R FEnatE
1 ARD MHE BAD EN0 BED HEE
X X O @3 0o
J J A1230123_
0x63, 0x64}”
J
8 ¥4+ COW part exnmple

[ErDWE | ANGIW | 19300 6-1-]
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%
MQ:HIP Typical PIC® MCU Application

Regional Training
Centers

.
.
.
-

New Communications via USB

N

¢ MICROCHIP

A/D, PWM, SPI, i 0o|d Communications via RS232
[2C™ |/O, etc. .
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MICROCHIP Trademarks

Regional Training
Centers

The Microchip name and logo, the Microchip logo, dsPIC, KeeLoq, KeeLoq logo,
MPLAB, PIC, PICmicro, PICSTART, PIC?? |ogo, rfPIC and UNI/O are registered
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor, MXDEV, MXLAB, SEEVAL
and The Embedded Control Solutions Company are registered trademarks of
Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN, ECONOMONITOR, FanSense, HI-TIDE,
In-Circuit Serial Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified logo,
MPLIB, MPLINK, mTouch, Octopus, Omniscient Code Generation, PICC, PICC-18,
PICDEM, PICDEM.net, PICKit, PICtail, REAL ICE, rfLAB, Select Mode, Total Endurance,
TSHARC, UniWinDriver, 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.

© 2010, Microchip Technology Incorporated, Printed in the U.S.A., All Rights
Reserved.
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Thank You.




Reference Lab and Exerxise




Lab Exercise 4
Migrating Applications to USB from RS-232 UART




R Lab 4

MICROCHIP

regonai raining - Migrating Applications to USB from RS-232 UART -

m Objective

m Apply the CDC Class RS-232 Replacement
APls to migrate an existing RS-232 UART
application to use USB

m Application

m Perform a temperature measurement and
send the reading (in ASCII) to Tera Term or
HyperTerminal when switch sw is pressed
on the board.
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R Lab 4

MICROCHIP

regiona raning - Migrating Applications to USB from RS-232 UART -

Centers

m Temperature Sensor ICs Used:

m TC72 Digital Temperature Sensor PICtail™ Demo
Board

mTC72 (Ul) — Digital Output (SPI)
= PICDEM FS USB

s TC77 (U4) — Digital Output (SPI)
m Explorer 16

mTC1047 (U4) — Analog Output
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R Lab 4

MICROCHIP
Regional Trainin - Expected Result -

m Pressing switch sw on the demo board,
you should see the message below...

“& COM3101 Hyperterminal Connection - Hyper Terminal
File Edit “iew Call Transfer Help

+ 26.5°C
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ﬂ/
Mlc:?cmp CDC & COM Port Numbering

Regional Training
Centers

m Prevent unwanted “COM-Port
proliferation”

m A device that contains a serial number
string retains the assigned Virtual COM
Port number even if moved to a different
USB Port on the system
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Lab Exercise 5
Adding a Serial Number String Descriptor




R Lab 5

MICROCHIP _ _ _
Regional Traiing - Adding a Serial Number String Descriptor -
m Objectives

m Add a serial number string descriptor to the
USB device descriptor table

m Observe the effect (no more COM port
proliferation)
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ﬂ{?

Lab 5

MICROCHIP
Reglonal Training - Expected Result -
Centers
il x|
File ©Options Help
EI--- My Computer ===:Endpoint Descriptor<=== ;I
S+ IntelF) 82801 0B/DEM USE Universal Host Controller - 2402 blength: 0=07
L = T R bElezcriptorType: 0=05
= - bEndpointAddress: =83 -3 Direction: IH
""" = [Port1] bnAttributes: 0x02 -3 Bulk Transfer
----- == [Port?] wHaxPacketSize: 0x0040 = 0x40 bytes
B2 |ntel(R] 82801 DE/DEM USE Universal Host Contraller - 24C4 bInterwval: 0=00
LU
= -EDtSUb1 ===:Device Descriptor{===
""" = [Fortl] _ blength 012
----- #5% [Port?] © USE Human Interface Device blescriptorType: O=01
B2 |ntel[R] 82801 0B/DBM USE Universal Host Contraller - 24C7 b=dUSE : Ox0200
Elﬂ FootHub EleviceCla==: 0=x02 - This i= a Comn
..... 2 [Portl] EleviceSubClaszs: 0=00
= o bleviceProtocol : 0=00
----- == [Paortd] bHaxPacketSizel: 0x08 = (&) Bytes
-5 |ntelr) 8280108 /DBM USE 2.0 Enhanced Host Contraller - 24C0 1idVendor: I=04D3idFPFroduct ;
&M BootHub bedDevice: 0x0001
..... 2 [Partl] iManufacturer: 0=01
ﬂ; Engli=sh (United State=s=) "Microchip Technology Inc.
""" = [Port2] iProduct : O=02

Hﬂ [Fart3] : Genenc USE Hub
=5 [Port1] @ Total Phase Beagle Protocaol Analpzer
A [Port?] . Communications Paort

Engli=sh (United State=s) "CDC ES5-232 Emulation Demo"

iSeriallumber : Beg 3
English (United States) @ I

bHumConf igurations: =l
===:Configuration Descriptor<===

blength: O=09

bllescriptorType: O=02

wTotallength: 0x0043 -—> Validated -

1| | v
|Devmescnnneded:5 Hubz Connected: 1 o
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ﬁ!»
M.c?}\ocmp What is Wrong with This Code?

Regional Training
Centers

void Exercise XX (void)

{

putrsUSBUSART (“Hello World!”) ;

Did not check:
if (USBUSARTIsTxTrfReady ())
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ﬂ/
M.c?}\ocmp What is Wrong with This Code?

Regional Training
Centers

void Exercise XX (void) Answer:
{ Blocking function!
Not good for

while (! USBUSARTIsTxTrfReady ()) ; cooperative
multitasking.

putrsUSBUSART (“Hello World!”) ; CDCTxService() in
USBTasks() will

} never get called,
and cdc_trf state
will never be
updated.

Program will just
be stuck in a loop.

Remember, use a
state machine!

© 2010 Microchip Technology Incorporated. All Rights Reserved. COM 3101 Slide 154



R\ CDC Labs

MiICROCHIP _ .
Regional Training - Post Exercise Analysis -

Centers

m Benefits of Using CDC Class:
m Reuse existing OS driver (Windows®, Linux, MAC)
m Almost plug-n-play in Windows — need .inf file

m Speed.:
m 640 Kbits/s = 80 Kbytes/s
m Faster than RS-232 (UART)

m Full-Speed USB device (low-speed USB
device does not have bulk endpoint)

m No hardware handshakes
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R\ CDC Labs

MICROCHIP _ .
Regional Training - Post Exercise Analysis -

Centers

m Program Memory Usage: ~ 6 KB

m Application Note

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

m \What to do iIf need faster data transfer rate?

m Consider using the custom class Windows®
drivers available and device framework...
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