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Presentation OverviewPresentation Overview
1394 Open HCI systems1394 Open HCI systems

What, Where, Why of 1394 Open HCIWhat, Where, Why of 1394 Open HCI
OHCI hardware choicesOHCI hardware choices

What to look for in Open HCI devicesWhat to look for in Open HCI devices
A look at Open HCI power managementA look at Open HCI power management

1394 PC system design issues1394 PC system design issues
Cable power managementCable power management
PHY and link layoutPHY and link layout
PC 98/99 and 1394 systemsPC 98/99 and 1394 systems



What Is IEEE1394 OHCI?What Is IEEE1394 OHCI?
Open Host Controller InterfaceOpen Host Controller Interface

A 1394 link layer implementationA 1394 link layer implementation
Asynchronous andAsynchronous and isochronous isochronous
Defines high-performance DMA enginesDefines high-performance DMA engines

Release 1.00 October 20, 1997Release 1.00 October 20, 1997
1394 Open HCI promoters as of 10/971394 Open HCI promoters as of 10/97

Apple, Compaq, Intel, Microsoft, NationalApple, Compaq, Intel, Microsoft, National
Semiconductor, Sun, Texas InstrumentsSemiconductor, Sun, Texas Instruments
austinaustin..ibmibm.com/pub/.com/pub/chrptechchrptech/1394ohci/1394ohci



OHCI And The 1394 SystemOHCI And The 1394 System

Windows and ApplicationsWindows and Applications
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Microsoft WDM 1394 StackMicrosoft WDM 1394 Stack
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Open HCI ImplementationsOpen HCI Implementations

Stand alone and integrated solutionsStand alone and integrated solutions
for motherboardsfor motherboards

Core logic integrationCore logic integration
Desktop and notebook computersDesktop and notebook computers
PalmtopsPalmtops

Expansion solutionsExpansion solutions
PCI option cardsPCI option cards
CardBusCardBus designs designs



Benefits Of 1394 Open HCIBenefits Of 1394 Open HCI

Common WDM driver interfaceCommon WDM driver interface
Windows 98 and Windows NT 5.0Windows 98 and Windows NT 5.0

High performance and robustnessHigh performance and robustness
Outperforming earlier 1394 HC designsOutperforming earlier 1394 HC designs
Higher tolerance of excessive latenciesHigher tolerance of excessive latencies
Improved error handlingImproved error handling

Dedicated committee withDedicated committee with
wide industry participationwide industry participation
Security improvementsSecurity improvements

OHCIOHCI



Security ImprovementsSecurity Improvements

Security requires bothSecurity requires both
software and hardwaresoftware and hardware

OHCI does not in itself provide securityOHCI does not in itself provide security

Hardware filters used for securityHardware filters used for security
Asynchronous request filterAsynchronous request filter
Physical request filterPhysical request filter
Tag filter forTag filter for isoch isoch copy protection copy protection

OHCI protected GUIDOHCI protected GUID
OHCI does not support bus snoopingOHCI does not support bus snooping



Conceptual Block DiagramConceptual Block Diagram

IsochIsoch Transmit DMA Transmit DMA
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Logical Open HCI BlocksLogical Open HCI Blocks

Four major blocks of Open HCIFour major blocks of Open HCI
Link interfaces with physical layerLink interfaces with physical layer
FIFO buffers 1394 packet dataFIFO buffers 1394 packet data
DMA controls transfers to/from memoryDMA controls transfers to/from memory
Host Bus interfaces with host I/O busHost Bus interfaces with host I/O bus

LINKLINK FIFOFIFO DMADMA HOSTHOST
BUSBUS

Open HCIOpen HCI



Link Layer BlockLink Layer Block
Open HCI fundamentalsOpen HCI fundamentals

Link compatible with bothLink compatible with both
1394-1995 and 1394A1394-1995 and 1394A PHYs PHYs
IEEE 1394A considerationsIEEE 1394A considerations

Standardized PHY/Link interfaceStandardized PHY/Link interface
1394 bus snoop mode not allowed1394 bus snoop mode not allowed
Supports asynchronous streamsSupports asynchronous streams
Ping timer implemented in LinkPing timer implemented in Link
PHY/Link turn around idle insertionPHY/Link turn around idle insertion



Link Layer BlockLink Layer Block
More Open HCI fundamentalsMore Open HCI fundamentals

CYCLE_TIME cannot move backwardsCYCLE_TIME cannot move backwards
ExtensiveExtensive async async and and isoch isoch filtering filtering
Improvements to existing controllersImprovements to existing controllers

Bus manager registers in LinkBus manager registers in Link
Bus_info_block implemented in LinkBus_info_block implemented in Link
GUID protected with one-time-writeGUID protected with one-time-write
Software reset is clearly definedSoftware reset is clearly defined
Improved PHY register accessImproved PHY register access



Link Layer BlockLink Layer Block
RecommendationsRecommendations

Support IEEE 1394A arbitrationSupport IEEE 1394A arbitration
enhancementsenhancements
PRIORITY_BUDGET is optionalPRIORITY_BUDGET is optional

Issue priorityIssue priority LREQs LREQs for all response for all response
and PHY packetsand PHY packets

Implement bus holders for isolationImplement bus holders for isolation
Cycle starts sent with a minimumCycle starts sent with a minimum
offset to account for PHY jitter offset to account for PHY jitter 
and driftand drift



FIFO RAM BlockFIFO RAM Block
Open HCI fundamentalsOpen HCI fundamentals

No requirement on number ofNo requirement on number of  FIFOs FIFOs
No requirement on FIFO sizesNo requirement on FIFO sizes
Rules for combiningRules for combining FIFOs FIFOs

Response not blocked by busied requestResponse not blocked by busied request
Receive contexts proceed independentlyReceive contexts proceed independently

Open HCI allows for big-Open HCI allows for big-endianendian  
and little-and little-endianendian host environments host environments



FIFO RAM BlockFIFO RAM Block
Sizing guidelinesSizing guidelines

Recommend ~ 2K per FIFO thatRecommend ~ 2K per FIFO that
handles the entire 1394 throughputhandles the entire 1394 throughput

For 32bit/33MHz PCI based Open HCIFor 32bit/33MHz PCI based Open HCI

FIFO size dependent uponFIFO size dependent upon
Host bus b/w and latency   Host bus b/w and latency   HOSTHOST
Host bus b/w utilizationHost bus b/w utilization OHCIOHCI
Internal arbitration latencyInternal arbitration latency OHCIOHCI
1394 throughput1394 throughput 400 Mbps400 Mbps



OHCI DMA EnginesOHCI DMA Engines
Open HCI fundamentalsOpen HCI fundamentals

All DMA engines are hostAll DMA engines are host
bus contendersbus contenders
Requires minimum of 4 Requires minimum of 4 isochisoch receive receive
and 4 and 4 isochisoch transmit DMA engines transmit DMA engines
Isochronous transmitIsochronous transmit

Prefetch up to two periods aheadPrefetch up to two periods ahead
Designed to accommodate cycle skipsDesigned to accommodate cycle skips

DMA engines have robust errorDMA engines have robust error
reporting to the hostreporting to the host



OHCI DMA EnginesOHCI DMA Engines
More Open HCI fundamentalsMore Open HCI fundamentals

Physical DMA enginePhysical DMA engine
Handles 1394 configuration ROM accessHandles 1394 configuration ROM access
Gives nodes direct host memory accessGives nodes direct host memory access
Supports write posting up to the numberSupports write posting up to the number
of error reporting reportingof error reporting reporting
Can post as many write requests as errorCan post as many write requests as error
reporting registersreporting registers

ARRQ synthesized bus reset packetsARRQ synthesized bus reset packets
Pair requests with bus reset generationPair requests with bus reset generation



OHCI DMA EnginesOHCI DMA Engines
RecommendationsRecommendations

Allow physical DMA to make forwardAllow physical DMA to make forward
progress while responses are queuedprogress while responses are queued
Implement at least three physicalImplement at least three physical
posted write error reporting registersposted write error reporting registers
Implement priorityImplement priority
internal arbitrationinternal arbitration

Limits access latencyLimits access latency
to a critical FIFOto a critical FIFO

HOT QUEUEHOT QUEUE

URGENT QUEUEURGENT QUEUE

GEN QUEUEGEN QUEUE



Host Bus InterfaceHost Bus Interface
Open HCI fundamentalsOpen HCI fundamentals

OHCI Annex A addressesOHCI Annex A addresses
PCI configuration spacePCI configuration space

Includes PCI global byte swap bitIncludes PCI global byte swap bit

PCI b/w required to implement OHCIPCI b/w required to implement OHCI
50 MB/s for 1394 data throughput50 MB/s for 1394 data throughput
Plus ~ 10 MB/s DMA engine overheadPlus ~ 10 MB/s DMA engine overhead



PCI Interface BlockPCI Interface Block
RecommendationsRecommendations

Design for multipleDesign for multiple cacheline cacheline bursting bursting
Use appropriate PCI commandsUse appropriate PCI commands

MRL, MRM, MWIMRL, MRM, MWI

Truncate bursting toTruncate bursting to
prevent starvationprevent starvation
Implement PCIImplement PCI
Power ManagementPower Management

Total PCI BandwidthTotal PCI Bandwidth
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OHCI Power ManagementOHCI Power Management
PCI Power ManagementPCI Power Management

1394 HC Device Class Power1394 HC Device Class Power
ManagementManagement

Addressed in Open HCI 1.1 committeeAddressed in Open HCI 1.1 committee
Microsoft is ready to support D0 and D3Microsoft is ready to support D0 and D3

D0: On.D0: On. Fully operationalFully operational
D3: Off.D3: Off. PCI clock may stopPCI clock may stop

OHCI software is responsible forOHCI software is responsible for LPS LPS
Wake event supported from D3Wake event supported from D3
D3 - D0 transition requires internal resetD3 - D0 transition requires internal reset
retaining the PME# contextretaining the PME# context



OHCI Power ManagementOHCI Power Management
Suspend / ResumeSuspend / Resume

Link Power Status (Link Power Status (LPSLPS) is required) is required
OHCI software controls theOHCI software controls the LPS LPS signal signal
PHY drives SCLK whenPHY drives SCLK when LPS LPS is asserted is asserted
PHY may save power when de-assertedPHY may save power when de-asserted

LinkOnLinkOn is an optional OHCI input is an optional OHCI input
Wakes up host whenWakes up host when LPS LPS is de-asserted is de-asserted
IndicatesIndicates LinkOn LinkOn packet received packet received
Indicates port connection changeIndicates port connection change



OHCI Power ManagementOHCI Power Management
Mobile considerationsMobile considerations

Consider D3Consider D3COLDCOLD device power state device power state
May need auxiliary power supplyMay need auxiliary power supply
May require separate reset to initializeMay require separate reset to initialize
the PCI Power Management registersthe PCI Power Management registers

Unlikely standard power providerUnlikely standard power provider
Implement CLKRUN#Implement CLKRUN#
Need high performanceNeed high performance
CardBusCardBus controllers for controllers for
OHCI PC CardsOHCI PC Cards



Cable Power ManagementCable Power Management
Self ID POWER_CLASS optionsSelf ID POWER_CLASS options

POWER_CLASSPOWER_CLASS Node DescriptionNode Description
3’b0003’b000 Does not need power and does not repeat powerDoes not need power and does not repeat power

3’b0013’b001

3’b0103’b010

3’b0113’b011

3’b1003’b100

Self-powered and provides a min of 15W to the busSelf-powered and provides a min of 15W to the bus

Self-powered and provides a min of 30W to the busSelf-powered and provides a min of 30W to the bus

Self-powered and provides a min of 45W to the busSelf-powered and provides a min of 45W to the bus

May be powered from the bus and is using up to 3WMay be powered from the bus and is using up to 3W

3’b1013’b101 Node is bus powered, and is using up to 3W  Node is bus powered, and is using up to 3W  
No additional power is needed to enable the LinkNo additional power is needed to enable the Link

3’b1103’b110 Node is bus powered, and is using up to 3W  Node is bus powered, and is using up to 3W  
An additional 3W is needed to enable the LinkAn additional 3W is needed to enable the Link

3’b1113’b111 Node is bus powered, and is using up to 3W  Node is bus powered, and is using up to 3W  
An additional 7W is needed to enable the LinkAn additional 7W is needed to enable the Link



Cable Power ManagementCable Power Management
Standard power providerStandard power provider
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Cable Power ManagementCable Power Management
Standard power provider summaryStandard power provider summary

Creates power domains for betterCreates power domains for better
power distribution managementpower distribution management
Launch voltage of 20 to 33 voltsLaunch voltage of 20 to 33 volts
Never consume cable powerNever consume cable power
Per port diode isolation is requiredPer port diode isolation is required
Will not pass 1394 bus powerWill not pass 1394 bus power
Provides current limited to less thanProvides current limited to less than
or equal to 1.5 A per portor equal to 1.5 A per port



Cable Power ManagementCable Power Management
Alternate power providerAlternate power provider

CurrentCurrent
LimitLimit

CurrentCurrent
LimitLimit

CurrentCurrent
LimitLimit

OptionalOptional
CurrentCurrent

LimitLimit

V  V  RegReg

PHY PowerPHY Power

PHYPHY

CableCable
Power SourcePower Source

+ + 

- - 
VPVP

VGVG

VPVP

VGVG

VPVP

VGVG

13941394
ConnConn

13941394
ConnConn

13941394
ConnConn

PHY PHY GndGnd



Cable Power ManagementCable Power Management
Alternate power provider summaryAlternate power provider summary

Power class 4 may use cable powerPower class 4 may use cable power
May pass 1394 bus powerMay pass 1394 bus power
Current limit for 1.5 A peak per portCurrent limit for 1.5 A peak per port

Protection from VProtection from VPP short circuits short circuits

Launch voltage of 8 - 33 VoltsLaunch voltage of 8 - 33 Volts
Per port diode isolation required forPer port diode isolation required for
launch voltage of 20V or greaterlaunch voltage of 20V or greater



Open HCI System LayoutOpen HCI System Layout
Cable / PHY interfaceCable / PHY interface

Minimize distance differential signalsMinimize distance differential signals
must propagate etchmust propagate etch

PHY as close as possible to connectorsPHY as close as possible to connectors

Match etch impedance to cableMatch etch impedance to cable
and termination networkand termination network

Match differential signal etch lengthsMatch differential signal etch lengths

Locate differential signal terminationLocate differential signal termination
resistors as close as possible to PHYresistors as close as possible to PHY



Open HCI System LayoutOpen HCI System Layout
More PHY layout recommendationsMore PHY layout recommendations

Keep crystal close to PHYKeep crystal close to PHY
Keep cable power regulator (if used)Keep cable power regulator (if used)
far away from PHYfar away from PHY

Especially crystal and differential signalsEspecially crystal and differential signals

Keep PHY-Link interface shortKeep PHY-Link interface short
Signals should have same trace lengthSignals should have same trace length

Texas Instruments 1394 app notesTexas Instruments 1394 app notes
www.www.titi.com/.com/scsc/docs//docs/psheetspsheets/app_mixed_/app_mixed_
signal_and_analog.signal_and_analog.htmhtm



Microsoft PC 98 GuidelinesMicrosoft PC 98 Guidelines
IEEE 1394 bus designIEEE 1394 bus design

Controllers are OHCI, S400 capableControllers are OHCI, S400 capable
ConfigConfig ROM provides GUID ROM provides GUID

Other configuration ROM requirementsOther configuration ROM requirements

PCs use standard 6-pin connectorsPCs use standard 6-pin connectors
Recommend 3 ports minimumRecommend 3 ports minimum

PCs source cable powerPCs source cable power
Recommend minimum of 20V at 15WRecommend minimum of 20V at 15W
Comply with Cable Power DistributionComply with Cable Power Distribution



Microsoft PC 99 GuidelinesMicrosoft PC 99 Guidelines
IEEE 1394 bus designIEEE 1394 bus design

PC 99 requirements are not closedPC 99 requirements are not closed
Mandatory 1394A features are requiredMandatory 1394A features are required
All devices provide at least two portsAll devices provide at least two ports
All host controller ports that areAll host controller ports that are
externally accessible should supportexternally accessible should support
the 6-pin connectorthe 6-pin connector
PC 99 includes recommended use PC 99 includes recommended use 
of Device Bay connectorof Device Bay connector



Call To ActionCall To Action

Test hardware to existing WindowsTest hardware to existing Windows
driver stackdriver stack
OHCI and IEEE 1394A complianceOHCI and IEEE 1394A compliance

austinaustin..ibmibm.com/pub/.com/pub/chrptechchrptech/1394ohci/1394ohci
symbiossymbios.com/pub/standards/.com/pub/standards/ ioio/1394/P1394a/1394/P1394a

Build PC 98/99 compliant systemsBuild PC 98/99 compliant systems
Submit OHCI hardware to Windows 98Submit OHCI hardware to Windows 98
team for testingteam for testing

E-mailE-mail nmdriver nmdriver@@microsoftmicrosoft.com.com


