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USB OverviewUSB Overview

??Hardware OverviewHardware Overview
––TopologyTopology

??Protocol CharacteristicsProtocol Characteristics
––Packet TypesPacket Types
––USB TransactionsUSB Transactions

??EnumerationEnumeration
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Hardware OverviewHardware Overview

Physical Hardware ViewPhysical Hardware View

Logical Hardware ViewLogical Hardware View
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??TopologyTopology
–– Tiered StarTiered Star

(Distributes Connectivity Points)(Distributes Connectivity Points)
–– 127 logical connections127 logical connections

(up to 5 meters per segment)(up to 5 meters per segment)
–– Up to 6 tiersUp to 6 tiers

??Bus transactionsBus transactions
–– Speed: 12Mbps aggregateSpeed: 12Mbps aggregate

••1.5Mbps sub-channel1.5Mbps sub-channel
–– IsochronousIsochronous and Asynchronous and Asynchronous
–– Media access controlled by hostMedia access controlled by host

??ConfigurationConfiguration
–– Dynamic insertion-removalDynamic insertion-removal
–– AutoconfigurationAutoconfiguration on change on change

??Physical LayerPhysical Layer
–– 2-wire differential signaling, NRZI2-wire differential signaling, NRZI

coded with bit stuffingcoded with bit stuffing
–– 4 pin connector, 4 wire cable4 pin connector, 4 wire cable
–– SupplySupply Sourcing Sourcing +5V +5V

Speaker
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The Transaction Protocol is Host BasedThe Transaction Protocol is Host Based

??Host based token pollingHost based token polling
––Data from host-to-function and function-to-hostData from host-to-function and function-to-host
––Host handles most of the protocol complexityHost handles most of the protocol complexity
––Peripheral design is simple and low-costPeripheral design is simple and low-cost

??RobustnessRobustness
––Handshake to acknowledge data transfer and flow controlHandshake to acknowledge data transfer and flow control
––Very low raw physical bit error rate ( <10 Very low raw physical bit error rate ( <10 -10 -10 ))
––CRC protection plus hardware retry optionCRC protection plus hardware retry option
––Data Toggle Sequence bitsData Toggle Sequence bits

??Bounded transfer characteristicsBounded transfer characteristics
––Data transfer bandwidth and latencyData transfer bandwidth and latency prenegotiated prenegotiated
––Flow control for peripheral buffer managementFlow control for peripheral buffer management

Data TransferData TransferTokenToken HandshakeHandshake
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Packet TypesPacket Types

??Token - OUT, IN, SOF, SETUPToken - OUT, IN, SOF, SETUP
––First packet in any transactionFirst packet in any transaction
––Specifies function address, endpointSpecifies function address, endpoint
––Specifies data directionSpecifies data direction
??Data - DATA0, DATA1Data - DATA0, DATA1

––0 - 1023 bytes0 - 1023 bytes
??Handshake - ACK, NAK, STALLHandshake - ACK, NAK, STALL

––Report status of data transactionReport status of data transaction
––Flow controlFlow control
––Stall conditionsStall conditions
??Special - PRESpecial - PRE

––Enables Hub for low speed communicationsEnables Hub for low speed communications
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A Typical USB Transaction ConsistsA Typical USB Transaction Consists
 of Three Packets of Three Packets

IdleIdle
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There are Four Types of USBThere are Four Types of USB
TransactionsTransactions

??IsochronousIsochronous (Audio, telephony …) (Audio, telephony …)
––Periodic, Bounded latencies, guaranteed bandwidthPeriodic, Bounded latencies, guaranteed bandwidth
??Interrupt (Mouse, joystick …)Interrupt (Mouse, joystick …)

––Asynchronous,Asynchronous, bursty bursty, non-periodic, low bandwidth, non-periodic, low bandwidth
??Bulk (Printer, scanner, digital camera …)Bulk (Printer, scanner, digital camera …)

––Non-periodic,Non-periodic, bursty bursty, high bandwidth utilization, high bandwidth utilization
??Control (Configuration messages …)Control (Configuration messages …)

––BurstyBursty, host-initiated (bus management,, host-initiated (bus management,
configuration)configuration)
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The Basic USB Model has SeveralThe Basic USB Model has Several
 Layers of Abstraction Layers of Abstraction

Host

Endpoint 0Endpoint 0
 - Required, shared - Required, shared
 - Configuration access - Configuration access
 - Capability control - Capability control

Pipe, connection abstraction Pipe, connection abstraction 
between two horizontal layersbetween two horizontal layers
Data transport mechanismData transport mechanism
USB-relevant format of transported dataUSB-relevant format of transported data
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 of
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No USBNo USB
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Enumeration: Device perspectiveEnumeration: Device perspective

??Attached StateAttached State
––Entered by attaching USB CableEntered by attaching USB Cable

??Powered StatePowered State
––USB Host Applies powerUSB Host Applies power

??Default stateDefault state
––USB Host resets busUSB Host resets bus

??Addressed StateAddressed State
––USB Host sends Set Address with non-zero addressUSB Host sends Set Address with non-zero address

??Configured stateConfigured state
––USB Host sends Set Configuration with non-zeroUSB Host sends Set Configuration with non-zero

valuevalue
??Suspended stateSuspended state

––USB Host stops sending SOF for 3 USB Host stops sending SOF for 3 msecmsec
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The Device State MachineThe Device State Machine

Attached Powered Suspended

Bus ActivityBus Activity
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Enumeration is the Process of AssigningEnumeration is the Process of Assigning
 Addresses and Setting Configurations Addresses and Setting Configurations

Connect CableConnect Cable
AttachedAttached      Status Change      Status Change

      Query Change      Query Change

      Port Enable      Port Enable PoweredPowered

DefaultDefault

       Reset Device       Reset Device              

Get Device Descriptor via Default Pipe and Address  Get Device Descriptor via Default Pipe and Address            

AddrAddr. . 
AssignedAssigned

          Assign a Unique Address          Assign a Unique Address              

            Read All Configuration Information            Read All Configuration Information              

              Configure and Assign Configuration Value              Configure and Assign Configuration Value              

ConfiguredConfigured

HostHost HubHub DeviceDevice
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??Discrete ComponentsDiscrete Components
––NetChipNetChip, Intel, National Semiconductor, Phillips, Intel, National Semiconductor, Phillips
??USB IP Cores as part of an ASICUSB IP Cores as part of an ASIC

––Sand,  Motorola, Texas Instruments, .etcSand,  Motorola, Texas Instruments, .etc
??Combination USB Host and USB Peripheral chipCombination USB Host and USB Peripheral chip

––ScanLogicScanLogic
??Combination micro-processor and USB CoreCombination micro-processor and USB Core

––8/16 bit processor Mitsubishi, .etc8/16 bit processor Mitsubishi, .etc
??Single Chip SolutionsSingle Chip Solutions

––Netchip Netchip NET1031 Single chip scanner controller.NET1031 Single chip scanner controller.

Types of USB ControllersTypes of USB Controllers
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??USB CoreUSB Core
??Registers for Control and Endpoint DataRegisters for Control and Endpoint Data
TransferTransfer
??FIFO ControllerFIFO Controller

––Input and Output Input and Output FIFOs FIFOs for Control Endpointfor Control Endpoint
––Input or Output FIFO for other EndpointsInput or Output FIFO for other Endpoints
??DMA ControllerDMA Controller
??Internal BusInternal Bus
??Serial Interface EngineSerial Interface Engine
??Output PadsOutput Pads

USB Controller Hardware ArchitectureUSB Controller Hardware Architecture
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Example of USB ControllerExample of USB Controller
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??Implements most USB Requests in hardwareImplements most USB Requests in hardware
––Standard RequestsStandard Requests

••GET_DESCRIPTOR and SET_DESCRIPTOR may beGET_DESCRIPTOR and SET_DESCRIPTOR may be
implemented in software for versatilityimplemented in software for versatility

––Class/Vendor Requests as appropriateClass/Vendor Requests as appropriate
??USB Event Interrupts and statusUSB Event Interrupts and status

––Setup, Suspend, Resume, SOF, Reset, Zero ByteSetup, Suspend, Resume, SOF, Reset, Zero Byte
PacketPacket

––DMA CompleteDMA Complete
––Transmit/ReceiveTransmit/Receive Ack Ack//NackNack/Error status/Error status
––FIFO empty/full or at high/low threshold levelFIFO empty/full or at high/low threshold level
??FIFOsFIFOs supporting supporting

––multiple packet depthmultiple packet depth
––Hardware Retry of Packet Transfers on errorHardware Retry of Packet Transfers on error

Key Features of a USB ControllerKey Features of a USB Controller
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??Hardware should provide ability toHardware should provide ability to
––initiate a Remote Wakeupinitiate a Remote Wakeup
––detect a USB Resetdetect a USB Reset
––reset USB Controllerreset USB Controller
––Select endpoint as DMA destinationSelect endpoint as DMA destination
––Detect enumerationDetect enumeration
––Read Current Configuration and InterfaceRead Current Configuration and Interface
––Stall endpointsStall endpoints

Key Features of a USB Controller IIKey Features of a USB Controller II
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Architecture of an Embedded USBArchitecture of an Embedded USB
DeviceDevice

FifoFifoFifoFifo

HardwareHardware Data packets from hostData packets from host

ApplicationApplication

DriverDriver

USB ProtocolUSB Protocol

APIAPIAPIAPI

Logical pipeLogical pipe Logical pipeLogical pipe
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System ArchitectureSystem Architecture

ISR
Thread

USB Controller 
Hardware

USB Protocol
Thread

Main Thread

File System
Thread
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USB Peripheral ThreadsUSB Peripheral Threads

??ISR ThreadISR Thread
––Low Level Interrupt Service routine(s)Low Level Interrupt Service routine(s)

••USB Controller InterruptUSB Controller Interrupt
••DMA Controller InterruptDMA Controller Interrupt

??USB Protocol ThreadUSB Protocol Thread
––Task which implements USB ProtocolTask which implements USB Protocol

••Control, Bulk, Control, Bulk, IsochrnousIsochrnous, Interrupt Endpoints, Interrupt Endpoints
••Attach/Attach/DettachDettach, SOF, Suspend/Resume, SOF, Suspend/Resume

??Main ThreadMain Thread
––Thread which executes the product applicationThread which executes the product application
––Calls and is triggered by Callback from USB DriverCalls and is triggered by Callback from USB Driver

layerlayer
??File System ThreadFile System Thread

––Lower Priority File System ThreadLower Priority File System Thread
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Interrupt SourcesInterrupt Sources

??SOFSOF
??Attach/Attach/DettachDettach
??Suspend/ResumeSuspend/Resume
??Setup PacketSetup Packet
??Data IN Data IN AckAck
??Data OUT Data OUT AckAck
??FIFO Empty or Low level threshold metFIFO Empty or Low level threshold met
??FIFO Full or High level threshold metFIFO Full or High level threshold met
??DMA CompleteDMA Complete
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Driver/Hardware EnumerationDriver/Hardware Enumeration
ArchitectureArchitecture

EP1EP1 Fifo Fifo

HardwareHardware

USB DriverUSB Driver

Logical pipesLogical pipes

Embedded ApplicationEmbedded Application

EP0 EP0 Fifo’sFifo’s

ININ ININOUTOUT

To Host
EP2 EP2 FifoFifo EP3 EP3 FifoFifo

Enumeration RoutinesEnumeration Routines
ISR, Descriptor structuresISR, Descriptor structures
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Single Thread ArchitectureSingle Thread Architecture

EP1EP1 Fifo Fifo

HardwareHardware

USB DriverUSB Driver

Logical pipesLogical pipes

Embedded ApplicationEmbedded Application
Main Thread, Class/Vendor RequestsMain Thread, Class/Vendor Requests

EP0 EP0 Fifo’sFifo’s

ININControlControl ININOUTOUT

To Host
EP2 EP2 FifoFifo EP3 EP3 FifoFifo

messagesmessages

EnumerationEnumeration
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Multiple Thread ArchitectureMultiple Thread Architecture

EP1EP1 Fifo FifoEP0 EP0 Fifo’sFifo’s

HardwareHardware

USB DriverUSB Driver

Logical pipesLogical pipes

ApplicationApplication
(Main Thread)(Main Thread)

ININ

USB Protocol USB Protocol 
ThreadThread

ControlControl ControlControl ININOUTOUT

To Host
EP2 EP2 FifoFifo EP3 EP3 FifoFifo

messagesmessages
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USB Device Driver ComponentsUSB Device Driver Components

USB Controller
Registers

Endpoint FIFO
Registers

DMA
 Controller

Pull-Up
Resistor

Clock
Registers

USB Driver Low Level Access Methods and ISRs
DMA

Driver
Clock
Driver

USB Device Driver API

Attach/
Detach

Processing

Power
Management

Endpoint Data 
Transfer Protocols
- Bulk In/Out
- Isochronous In/Out
- Interrupt In/Out

Control Protocol
- Standard Requests
- Class Requests
- Vendor Requests

Clock
Driver

Status
&
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Framer Layer Hardware Specific Functions

UsbIsr

Utilities

USB Controller Hardware

UsbWriteUsbReadUsbCloseUsbOpen UsbIoctlUSB
HW/SW
Initialize
Functions

Context of
Callback

Message Queue

USB_read USB_write USB_ioctlUsbDevCreate USB_open USB_close

Driver Interface
Callback

Function

COMMOM
USB
Functions

UsbDrv

USB Device Driver ArchitectureUSB Device Driver Architecture

30

??USBInitUSBInit()()
??USBDeleteUSBDelete()()
??USBOpenUSBOpen()()
??USBCloseUSBClose()()
??USBReadUSBRead()()
??USBWriteUSBWrite()()
??USBIoctlUSBIoctl()()

??Callback Message QueueCallback Message Queue

USB Device Driver APIUSB Device Driver API



16

31

??USBInitUSBInit() - Initialize USB Driver() - Initialize USB Driver
––Installs driver in IO systemInstalls driver in IO system
––Creates or acquires OS resourcesCreates or acquires OS resources

••Semaphores, queues, ISR vector, task, memory, etc.Semaphores, queues, ISR vector, task, memory, etc.
––Initializes USB Controller hardwareInitializes USB Controller hardware
––Enable USB Controller to allow enumerationEnable USB Controller to allow enumeration

??USBDeleteUSBDelete() - Delete USB Driver() - Delete USB Driver
––Disable USB Controller HardwareDisable USB Controller Hardware
––Return OS resourcesReturn OS resources

••Semaphores, queues, ISR vector, task, memory, etc.Semaphores, queues, ISR vector, task, memory, etc.
––Remove driver from IO systemRemove driver from IO system

USBInitUSBInit() and () and USBDeleteUSBDelete()()
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??USBOpenUSBOpen() - Opens an endpoint() - Opens an endpoint
––If not the Control endpointIf not the Control endpoint

••Verifies device is enumeratedVerifies device is enumerated
••Verifies endpoint is part of current configuration/interfaceVerifies endpoint is part of current configuration/interface

––Selects CPU or DMA transfer modeSelects CPU or DMA transfer mode
••If DMA selects endpoint’s FIFO for use with DMAIf DMA selects endpoint’s FIFO for use with DMA

––Set Endpoint states to OPENEDSet Endpoint states to OPENED

??USBCloseUSBClose() - Closes an endpoint() - Closes an endpoint
––Disables DMA controller’s use of endpoint’s FIFODisables DMA controller’s use of endpoint’s FIFO
––Set endpoint state to CLOSEDSet endpoint state to CLOSED

USBOpenUSBOpen() and () and USBCloseUSBClose()()
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??Read from Bulk, Read from Bulk, IsochronousIsochronous or Interrupt or Interrupt
endpointendpoint
––Verify endpoint is openVerify endpoint is open
––If transfer mode is DMAIf transfer mode is DMA

••Setup and start DMA read of fixed size from Endpoint FIFOSetup and start DMA read of fixed size from Endpoint FIFO
••Block until DMA is complete or a timeout occursBlock until DMA is complete or a timeout occurs

––elseelse
••ISR CalledISR Called
••Loop until all data is read, a timeout occurs or a short packetLoop until all data is read, a timeout occurs or a short packet
is receivedis received

••Exit ISRExit ISR

USBReadUSBRead()()

34

USB Read ProcessUSB Read Process

      Data Packet      Data Packet

USB DriverUSB Driver Endpoint FIFOEndpoint FIFO USB HostUSB Host

Data Data 
BufferBuffer

Out TokenOut Token

Out TokenOut Token

      Data Packet      Data Packet

      Data Packet      Data Packet
ACKACK

      Data Packet      Data Packet

ACKACK
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?Write to Bulk, Isochronous or Interrupt
endpoint

–Verify endpoint is open
–If transfer mode is DMA

•Setup and start DMA write of fixed size to Endpoint FIFO
•Block until DMA is complete or a timeout occurs

–else
•ISR Called
•Loop until all data is written, or a timeout occurs
•Exit ISR

USBWriteUSBWrite()()

36

USB Write ProcessUSB Write Process

ACKACK

      Data Packet      Data Packet

USB DriverUSB Driver Endpoint FIFOEndpoint FIFO USB HostUSB Host

Data Data 
BufferBuffer

IN TokenIN Token

      Data Packet      Data Packet
IN TokenIN Token

      Data Packet      Data Packet

ACKACK

      Data Packet      Data Packet
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Control ReadControl Read

??Call Call USBReadUSBRead( EP0 ) to read a Setup Packet( EP0 ) to read a Setup Packet
––Read from EP0 OUT FIFORead from EP0 OUT FIFO
??Identify Setup PacketIdentify Setup Packet

––Standard, Class or VendorStandard, Class or Vendor
??Create response to Setup PacketCreate response to Setup Packet

––For example prepare to return a DescriptorFor example prepare to return a Descriptor
??Call Call USBWriteUSBWrite( EP0 ) to write the response( EP0 ) to write the response

––Perform normal Perform normal USBWriteUSBWrite() function to EP0 IN FIFO() function to EP0 IN FIFO
––Wait for Host to return a Zero Byte packetWait for Host to return a Zero Byte packet

terminating Control transferterminating Control transfer
??RepeatRepeat
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Control WriteControl Write

??Call Call USBReadUSBRead( EP0) to read a Setup Packet( EP0) to read a Setup Packet
––Read from EP0 OUT FIFORead from EP0 OUT FIFO
??Identify Setup PacketIdentify Setup Packet

––Standard, Class or VendorStandard, Class or Vendor
??Prepare to receive data from HostPrepare to receive data from Host
??Call Call USBReadUSBRead( EP0 ) to read data from the Host( EP0 ) to read data from the Host

––Perform normal Perform normal USBReadUSBRead() function from EP0 OUT() function from EP0 OUT
FIFOFIFO

––Send a Zero Byte packet to the Host terminating theSend a Zero Byte packet to the Host terminating the
Control transferControl transfer

??RepeatRepeat
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??Message Interface used to send notification toMessage Interface used to send notification to
application of asynchronous eventsapplication of asynchronous events

––USB ResetUSB Reset
––EnumerationEnumeration
––Configuration ChangeConfiguration Change
––Interface ChangeInterface Change
––Suspend/ResumeSuspend/Resume
––Attach/Attach/DettachDettach
––SOFSOF
––Report Setup Packet received by Control Endpoint 0Report Setup Packet received by Control Endpoint 0

Callback Message QueueCallback Message Queue
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WDM Still Image Architecture Attempts toWDM Still Image Architecture Attempts to
Keep All Custom Software in User ModeKeep All Custom Software in User Mode

Still Image Device Driver Interface (DDI)Still Image Device Driver Interface (DDI)

ApplicationApplication
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User ModeUser Mode
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Design ConstraintsDesign Constraints

??Hardware SelectionHardware Selection
––Still image architecture requires Control, Bulk In,Still image architecture requires Control, Bulk In,

Bulk Out and Interrupt endpoints.Bulk Out and Interrupt endpoints.

??Host application controls camera via control orHost application controls camera via control or
bulk endpoints.bulk endpoints.
––Design of the communications protocol is contingentDesign of the communications protocol is contingent

on the Twain data source and any classes supported.on the Twain data source and any classes supported.

??Host Application definesHost Application defines
––Features supported by camera applicationFeatures supported by camera application
––Power Management requirementsPower Management requirements
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??Develop Written Test PlansDevelop Written Test Plans
–– Define Unit TestsDefine Unit Tests
–– Define System TestsDefine System Tests

??Define minimum USB Host Driver TestDefine minimum USB Host Driver Test
–– CapabilitiesCapabilities
–– Enumeration, Data Transfer, Enumeration, Data Transfer, LoopbackLoopback, etc., etc.

??Acquire an USB AnalyzerAcquire an USB Analyzer
–– Use analyzer for documenting test resultsUse analyzer for documenting test results
–– Debug Driver enumeration and Data TransferDebug Driver enumeration and Data Transfer
–– Verify System level behavior with analyzerVerify System level behavior with analyzer
–– Execute Compliance Test in loop mode (>1000x)Execute Compliance Test in loop mode (>1000x)

??Purchase a USB Evaluation Board & sourcePurchase a USB Evaluation Board & source
codecode
??Utilize USB Organizations Test ResourcesUtilize USB Organizations Test Resources

Effective Testing StrategiesEffective Testing Strategies
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Analyzer ViewAnalyzer View
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??Schedule availability of Host softwareSchedule availability of Host software
––USB mini-driverUSB mini-driver
––Host Test ApplicationHost Test Application
??Request Host Test Application supportRequest Host Test Application support

––EnumerationEnumeration
––Data TransferData Transfer
––Data TransferData Transfer Loopback Loopback Testing Testing
––Vendor/Class Request SupportVendor/Class Request Support
??Leverage USB Evaluation sample sourceLeverage USB Evaluation sample source

––Stimulate USB peripheral using sample codeStimulate USB peripheral using sample code
??System TestsSystem Tests

––Perform typical use cases with Product softwarePerform typical use cases with Product software

Host Software Testing StrategiesHost Software Testing Strategies
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??Unit TestsUnit Tests
––Driver Install and UninstallDriver Install and Uninstall
––Enumeration TestEnumeration Test
––Device Driver APIDevice Driver API

••Open/Close endpointsOpen/Close endpoints
••Data Transfer (read and write)Data Transfer (read and write)
••Select Endpoint using DMASelect Endpoint using DMA
••IO Control TestIO Control Test

––LoopbackLoopback Testing (>1000x, vary transfer sizes) Testing (>1000x, vary transfer sizes)
––Vendor/Class Request SupportVendor/Class Request Support
??System TestsSystem Tests

––Perform typical use cases with Product softwarePerform typical use cases with Product software
––System Level Power ManagementSystem Level Power Management

Embedded Software Testing StrategiesEmbedded Software Testing Strategies
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??USB-IF Compliance ProgramUSB-IF Compliance Program
––WorksheetsWorksheets

••Device FrameworkDevice Framework
••Signal QualitySignal Quality
••Power Distribution and ConsumptionPower Distribution and Consumption

––Interoperability GuidelinesInteroperability Guidelines

––Test ToolsTest Tools
••USBCheckUSBCheck, , HIDViewHIDView

––Compliance WorkshopsCompliance Workshops
••Verifies USB Compliance and InteroperabilityVerifies USB Compliance and Interoperability
••in-house USB Compliance and Interoperabilityin-house USB Compliance and Interoperability

––Verify throughout product developmentVerify throughout product development

USB Organization’s Testing ResourcesUSB Organization’s Testing Resources
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??Benefits of an USB Analyzer ToolBenefits of an USB Analyzer Tool
––Passively monitors USB BusPassively monitors USB Bus
––Allows debug of Enumeration, Vendor/Class RequestsAllows debug of Enumeration, Vendor/Class Requests
––Reveals system level behaviorReveals system level behavior
––Some tools allow for active introduction of faults,Some tools allow for active introduction of faults,

standard Requests or Vendor/Class Requestsstandard Requests or Vendor/Class Requests

?? Drawbacks Drawbacks
––Purchase PricePurchase Price
––Selecting which one you wantSelecting which one you want
––Some PC’s have demonstrated signal/noise errorsSome PC’s have demonstrated signal/noise errors

with USB analyzer’s attachedwith USB analyzer’s attached

USB AnalyzersUSB Analyzers
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??More Class SupportMore Class Support
––HID, Common, Mass Storage, Firmware Upgrade,HID, Common, Mass Storage, Firmware Upgrade,

??USB 2.0USB 2.0
––Do you need it?Do you need it?
––NOT supported in Windows XPNOT supported in Windows XP

??Protocol StacksProtocol Stacks
––PIMA/ISO-15740PIMA/ISO-15740
––USB Mass Storage DevicesUSB Mass Storage Devices
––WDM Still Image ArchitectureWDM Still Image Architecture

Issues to considerIssues to consider
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ConclusionConclusion

??Selecting a more capable USB controller simplifies theSelecting a more capable USB controller simplifies the
design USB Device Driversdesign USB Device Drivers
??Support both CPU and DMA transfersSupport both CPU and DMA transfers
??Data Transfer Speed is a priorityData Transfer Speed is a priority

–– Transfer Data inside ISRTransfer Data inside ISR
–– Optimize code execution of critical routinesOptimize code execution of critical routines
–– Design a solution with parallelism of processing and dataDesign a solution with parallelism of processing and data

transfertransfer
–– Dedicate the DMA to the highest bus bandwidth scenariosDedicate the DMA to the highest bus bandwidth scenarios

??USB Compliance testing occurs throughoutUSB Compliance testing occurs throughout
developmentdevelopment
??Take advantage ofTake advantage of

–– USB Test toolsUSB Test tools
–– USB AnalyzersUSB Analyzers
–– Compliance WorksheetsCompliance Worksheets
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For More InformationFor More Information

??USB Specification Rev 1.1, 1.0USB Specification Rev 1.1, 1.0
??http://www.http://www.usbusb.org - the root node.org - the root node
??http://www.http://www.intelintel.com.com
??www.www.microsoftmicrosoft.com.com

–– Search for WDM,Search for WDM, WinHEC WinHEC, ActiveMovie, Still Image, etc., ActiveMovie, Still Image, etc.

??USB System Architecture, Don Anderson -USB System Architecture, Don Anderson -
MindshareMindshare Inc. Inc.
??www.www.linuxlinux.org.org
??www.www.catccatc.com.com
??Questra Corporation (716) 381-0260Questra Corporation (716) 381-0260
www.www.questraquestra.com.com
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