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1. Introduction

Root 2 isaUSB host controller whichistargetedfor test applications. 1tisUSB 2.0 specificationcompli-
antforlow-speed, full-speed and high-speedinterfaces, andisdesignedto beemployedinadevel opment or
manufacturingtest environment for thepurposeof testing Universal Serial Bus(USB) peripheras. Thedevice
providesasubset of thefeaturestypically provided by aUSB Host and Root Hub, but itsactivity iscontrolled
viaanRS-232 serid or Ethernet communi cationsinterface. Thisallowsthetest engineer tocompl etely control
thelow-level root hubfunctionswithout theinterferenceof acomplicated operating systemsuchaswouldbe
encounteredonaWindowsor Mac PC. Root 2 providesthefollowing basic capabilities:

* High-speed/ Full-speed/ L ow-Speed USB Serial InterfaceEngine(SIE)
* Deviceconnect/disconnect detectionandreporting

 Automati cdeviceconfiguration (automaticmode)

« Support for downstream hub (automatic mode)

» On-command suspend/resumecapability

» Remotewake-up support

» On-command USB Reset generation

*Vbus current measurement

Vbusvoltagecontrol (4.25V ~5.50V)

« External Trigger Inputsand Outputs

* 8-bit user Output port

* RootScript script languagesupport

* Built-inGo-NoGodevicetestingwithMonitor 1

* ControlledviaHigh-speed RS-232 seria or Ethernet host communi cations

1.1 Definition of Terms

Thetermsdefinedinthissectionwill beused throughout thisdocument.

Controller Thedeviceusedto control Root 2 viatheserial or Ethernet communicationsport (e.g.,
aPC or ATE host).

Root Port The USB port on Root 2.

RootScript  Root 2'sscriptinglanguage, whichallowspre-written scriptsto bedownl oaded and
storedinRoot 2 and subsequently invoked by theControll er.

Low Speed A deviceor USB port operating at 1.5Mbps, asdefined for low-speed USB devices.
Full Speed A deviceor USB portoperatingat 12M bps, asdefined for full-speed USB devices.
HighSpeed A deviceor USB port operating at 480M bps, asdefinedfor high-speed USB devices.
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2. System Overview

Thissectionprovidesabrief overview of Root 2'sinterfacesand capabilities. Sometopicsaredeatwithin
moredetail inthelater sectionsof thedocument.

2. 1LEDIndicators

Root 2includesseveral LED indicatorsonitsfront andrear panels, which provideinformationregarding
thestateof theRoot 2 and the USB port. Theindicatorsareidentified ontheRoot 2 product |abel affixedtoits
topsurface, andthefollowing sectionsprovideadditiona informationregardingtheir interpretation.

At power-on, thetoptwo of thethreevertically oriented green Statusindicatorswill lightimmediately,
indicatinggood power. Thefour, multicol ored horizontally oriented statusindicatorswill flashwhileRoot 2
performsitspower-onself test. After several seconds, thethird of thegreen Statusindicatorswill light, indicat-
ingthat theRoot 2 hasconfigureditsUSB SIE hardware.

TheHost CommLED will flashinresponseto any communicationwiththeController, whether communi-
cationsisviatheseria port or the Ethernet port. WWhen no communicationsisactive, thisLED will flash briefly
onceper second, indicatingthat Root 2isalive.

When USB power isenabled and afull-speed devi ceisconnected and configured ontheRoot Port, the
greenFull Speed LED will belit. When USB power isenabled, and ahigh-speed deviceisconnected and
configured ontheRoot Port, theHigh Speed L ED will belit.

Any error condition detected during USB operationwill causethered USB Error LED tobelit. Notethat
theLED will remainlitonly until thenext USB transactioniscompl eted.

__Internal Power Good

Bus Power Good

' SIE Configured

Host Communications / Heartbeat
— High Speed Device Connected
Full Speed Device Connected
USB Error Detected

Figure2-1Root 2Front Panel Indicators
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2.2Control Connector Signal Descriptions

Root 2communicateswiththeController viaafull-duplex RS-232 seria dataconnection. Thedefault
serial dataformat is115.2K baudwith onestart bit, eight databitsand onestop bit. The baud rate may be
reprogrammed after reset (see Section 3.7).

Root 2 providesa25-pinfemal e D subminiatureconnector containingthefollowingsignals:

Pin # Signal Description In/Out Notes

1 Aux_TxD Auxiliary Serial Xmt Out Do Not Connect
2 RO Serial ReceiveData In

3 XD Seria Transmit Data Out

4 Aux_RxD Auxiliary Serial Rev In Do Not Connect
5~13 GND Signal Ground

14 Trigin0 Trigger Input 0 In

15 TrigOutO Trigger Output O Out

16 Triginl Trigger Input 1 In

17 PDO Parallel databitO(LSB) Out

18 PD1 Parallel databit 1 Out

19 PD2 Parallel databit 2 Out

20 PD3 Parallel databit 3 Out

21 PD4 Parallel databit 4 Out

2 PD5 Parallel databit5 Out

23 PD6 Parallel databit 6 Out

24 PD7 Parallel databit 7 (M SB) Out

o) Mode Parallel DataMode In Reserved - Do Not Connect

2.3SignalingL evelsand Ter mination

Theseria communicationslines(TxD, RxD, Aux_TxD andAux_RxD)employ EIA-232€electricd levels.
All other signalsare3.3V logiccompatiblelevel s. Thetrigger output and parallel datalinesaresourcetermi-
nated on Root 2with50-ohm seriesresistors. TheTriginOand Triginllinesareprovidedwithinternal 4.7K -
ohm pullupresistorsto 3.3V onRoot 2.

24External Trigger Inputs

Root 2 providestwoexternal,logic-level triggerinputs. TheTriginOand Triglnlinputsareasserted|ow,
andfilteredinhardwaretoremovenoise. A trigger input will bedetected and latched by Root 2 onthefalling-
edgetransition. A Trigger input must bedrivenlow andheldlowfor at least luSto guaranteerecognitionby the
Root 2. 1f theRoot 2isinimmediate-mode(i.e., not executingaRootScript), thetrigger event will bereported
totheController asan A synchronousResponse (See AsynchronousResponsesin Section4). During
RootScript execution, trigger inputswill belatched, but will not beacted uponuntil they arespecifically ad-
dressed by thescript (seeRS_Check commandin Section5.5).
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2.5Trigger BusOutputs

TheTrigger BusOutputsareessentially aparallel dataport whichcanbewrittendirectly viaaController
or RootScript command. Thedataprovided by the Controller or RootScript commandisdrivenontothe
parallel port, andtheoutput strobe, TrigOutO, istoggled. Thedatawill remainontheoutput port until anew
pieceof dataiswrittenby the Controller or RootScript. TrigOutOisal ow-going strobeapproximately 10uSin
duration. Approximately 10uSdatasetuptimeisprovided prior totheassertion (low) of thestrobe. Theparallel
port datalinesarecapableof sourcing or sinkingupto 8mA each, and may beusedtodirectly drive LED
indicatorsif suitablecurrent-limitingisemployed(e.g., 150-ohmor larger valueseriesresistors).

2.6DataCommunicationsProtocol

TheRoot 2 employsan escaped binary datacommunicationsprotocol . Dataistransmitted asvariable
length packets, and packet control isimplemented using A SCI | escapesequences. All serial datatransmissions
toandfromtheRoot 2 areframedinthefoll owing messageprotocol:

<SOP><transmissioncode>{ data} <EOP>

SOPisastart-of -packet marker consisting of two ASCI| bytes: <Esc>S(0x1B 0x53)
EOPisanend-of -packet marker consisting of two A SCI | bytes: <Esc>E (0x 1B 0x45)

<transmissioncode>isas nglebytecodeindicating thenatureof thetransmission. For commandssent
toRoot 2, thisbytewill containacommand code. Inresponsesrecei ved from Root 2, thisbyte
will containaresponsecode.

{data} isastringof binary databytesO0~512K bytesbytesinlength.

TheASCII Escapecharacter (0x1B) isused asaspecial character, toimplement messagecontrol. Since
theprotocol supportshinary datatransfer, thedataval ueOx 1B may beencounteredinthedatastream. The
two-bytepattern<Esc><Esc> (0x1B 0x1B) isusedtorepresent theoccurrenceof thesinglebyteOx1Bif itis
encounteredin{ data} .

2.7 Root 2 Commandsand Responses

CommandswhicharetransmittedtotheRoot 2fromtheController over theserial port, usingthemessage
protocol discussedintheprevioussection, arereferredto asinter activecommands. Any properly formatted
interactivecommandwill invokearesponsefromRoot 2. For all commandsissuedto Root 2, the<transmission
code>referredtointheprevioussectionwill beaRoot 2command code. Theinteractivecommands, andtheir
responses, arediscussedinsection 3.

Responsestransmitted by theRoot 2tothe Controller areof twotypes. Command Responsesand
AsynchronousResponses. Command Responsesaretransmittedindirect responsetoacommandreceived
fromtheController. AsynchronousResponsesaretransmitted astheresult of asynchronousconditions, for
example, aUSB deviceconnect. Command Responsesarediscussedin Section 3,incoordinationwiththe
commandswithwhichthey areassociated. Asynchronousresponsesarediscussedin Section4. Inall Root 2
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responses, Command Responsesor AsynchronousResponses, the<transmissioncode> referredtointhe
previoussectionwill beaRoot 2 responsecode.

Whereever parametersarepassed by Root 2 commandsand responseswhich arelarger thanonebyte,
i.e., 16-bitwordor 32-bitlongword parameters, they arealwayspassed M SB-first (bigendien). For example,
the32-bit hexadecimal value0x12344321 woul d bepassed asfour bytes: <Ox12><0x34><0x43><0x21>.

2.8 M odes of Operation

Root 2 hastwo mainmodesof operation: | nteractive M odeand Script Mode. I nteractiveM odeisthe
normal modeof operation, inwhichcommandsareissued by the Controller and responded to by Root 2. Root
2may alsoissueAsynchronousResponsesin I nteractiveM odetoindi catetheoccurrenceof asynchronous
conditions. Within|nteractiveM odeoperation, Root 2 supportsan additional modeof operationcalled Auto-
maticMode, inwhichmany of thefunctionsof atypical USB host controller areperformed automatically by
Root 2. Automatic M odeisdiscussedinthenext section.

Root 2 supportsascriptinglanguage, called RootScript, which consistsof thestandard set of Root 2
I nteractive Commands, plusadditional scriptingcommandsfor programflow control. A RootScriptisdown-
loadedinto Root 2in | nteractive M ode. Oncethescript hasbeenloadedinto Root 2, it may beexecuted,
causing Root 2toenter Script mode. Root 2will remaininscript mode, executing RootScript commands, until
thescriptterminatesor until anew I nteractive Commandisreceived ontheserial port. Automatic Modeisnote
availablein Script M ode. RootScriptingisdiscussedinsection5.

At power up, Root 2typically defaultsto nteractiveM odeoperationwith Automatic M odeenabl ed.
However, Root 2 allowsfor adefault script to beloaded and saved in on-board Flash memory. Oncethe
default script hasbeen saved, Root 2 can beprogrammedto enter Script Modeimmediately after power up,
executingthedefault script. Refer to Section 6for moreinformationonusingadefault script.

Functionsintrinsictothebasi c operation of theUSB, suchasSOF (Start of Framepacket) generation,
overcurrent protection, etc., arealwayshandl ed automatically by Root 2 hardware, regardl essof themodeof
operation.

2.8.1 AutomaticMode

Thedefault modeof operationfor theRoot 2isAutomatic M ode. Inthismode, theRoot 2 will automati-
cally detect theattachment of anew devicetotheroot port, resetit, enumerateit and configureit. If theat-
tached deviceisahub, theRoot 2will read thehub'sHub Descriptor, configureitsstatusendpoint and enable
power toitsdownstream ports. TheRoot 2will thereafter routinely poll thehub'sstatus, identify connect events
onthehub'sdownstream portsandreset and enumeratenewly connected devices. Inaddition, non-hub devices
connectedtodownstream portsof thehub device will beautomatically reset and enumerated upon attachment.
Non-hublow-speed or full-speed I nterrupt devicesattached either directly totheroot port or tothedown-
stream port of anattached hubwill beconfiguredfor uptofour endpoints, inadditiontothedefault endpoint,
based oneach device'sl nterfaceand Endpoint descriptors. I nterrupt endpointswil | beautomatically polledin
accordancewiththeir Endpoint and I nterfacedescriptors. Root 2 operationin Automatic mode, withregardto
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theconnectionof anew device, isessentially identical tothesequencethat atypical USB hostwouldexhibitin
enumeratingandconfiguringanew device.

In Automatic M ode, theRoot 2 will generatean asynchronousresponsetothe Controller any timean
event occursontheroot port or onthedownstream port of ahub attached to theroot port. Exampl esof
detectableeventsareDeviceConnect, Device Disconnect, RemoteWake-up, or anon-NAK responseto
pollingonany endpoint.

Automatic M odemay beenabl ed and di sabled by command fromthe Controller (Root_Configcom-
mand). With Automatic M odedisabled, theRoot 2will not automatically enumeratenew devices, nor will it
automatically configureand poll downstreamhubsor functions. TheController then becomesresponsiblefor
issuingdiscretedevicerequestsfor all deviceand hub configuration, including pollinghub statusfor new device
connectsonitsdownstream portsand polling downstream devices. M ost Root 2 | nteractive Commandscanbe
used whether Root 2isin Automatic Modeor not, however care must betakenthat thecommandsissued do
not modify theconfigurationof devicessuchthat Automatic M odeactivity isadversely affected.

Itisrecommended that theuser application makeuseof Automatic M odewhenever possible. Automatic
M odeperformsalargeamount of processingthat will otherwisehaveto behandledfromtheuser application. It
performsall devicedetectionand enumeration, and automatically handlesoperation of attached hubs. Inaddi-
tion, Automatic M odeoperation providesRoot 2 with aset of knowledgeregarding devicesattachedtothe
USB. Sinceit enumeratesand configureseach deviceupon attachment, Root 2isabletoretaininformation
regardingthedevice'sspeed and control endpoint parameters(e.g., bM axPacketSize0). I thedeviceislow-
speed or full-speed andisconnected downstream of ahigh-speed hub, Automatic M odewill retaininformation
necessary to performsplit transactionstothat device. Thisknowledges mplifiestheissuingof additiond traffic
tothedeviceby theuser application.

2.8.2Built-In Go-NoGo TestingUsing M onitor 1

Root 2 providesaspecial modeof operationinsupport of No-NoGo devicetestingusingtheMonitor 1
handheldtest controller. Thisoperationisenabled usingtheRootConfigcommand (Section 3.7), andisde-
scribedindetail inRPM Application Note 3, Go/ No-Go Testing Using Monitor 1. Thisapplicationnoteis
provided ontheRoot 2 support CD-ROM, andisalsoavail ablefromthe RPM web site (http://
www.rpmsys.com). Monitor 1 productinformationisalsoavailableonthewebsite.

2.9Root 2Host Controller Functions

Root 2 providesthebasi chost controller functionsnecessary for theproper operation of theUSB. These
includedevicespeed detectionontheroot port, VVbuspower switchingand overcurrent protection, SOF (start
of frame) generation, CRC generationand checking and packet handshaking. Thesefunctionsareessentialy
invisibletotheuser, withtheexceptionthat SOF generation can becontrolled by the Suspend and Resume
commands. TheRoot 2 host controller isal soresponsiblefor thetiming of transactionswithinaframeandthe
detectionof overrunconditions, IGNORE conditions, etc.
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3. Root 2 Immediate Mode Commands

Thissectiondetail stheset of interactivecommandssupplied by Root 2. Theformat of each commandand
itsassoci ated responsearediscussed. All transmissions, commandsand responses, areconducted usingthe
protocol discussedinsection2.4.

Many Root 2commandsreturnaResponse Status, whichwill bedes gnated <RespStatus>inthedescrip-
tionof theresponse. Table3-1liststhepossibleva uesfor <RespStatus>, for both Command responsesand
Asynchronousresponses.

3.1 Device Request

TheDevRgst command conductsasinglecontrol transfer, consisting of avalid USB devicerequest, tobe
issuedtoany attacheddevice. A valid USB devicerequestisany properly formed request, not necessarily one
that thetarget deviceiscapabl eof handling. Thiscommand may beused with Automatic M odeenabled or
disabledtoissueany standard, class-specificor vendor-specificdevicerequest. When processingaDevRgst,
theRoot 2will performtheentirerequest, including Setup, Dataand Statusphases. M ultipledatatransactions

Table 3-1: Response Status Values
Value Indication Description
0x00 Success Command completed successfully
0x02 Ack Recevied Ack from device
0x03 Data0 Received Data0 PID from device
0x06 Nyet Received Nyet from device
0x07 Data2 Received Data2 PI D from device
Ox0A Nak Received Nak from device
0x0B Datal Received Datal PID from device
OxOE Stall Received Stall from device
0x80 Ignore Device failed to respond to traffic
0x81 Data CRC Error Detected aData CRC Error inreceived data
0x82 Data Toggle Error Detected aDataToggleError inreceived data
0x83 SyncError Thevalueof the Syncbytein areceived data packet wasincorrect
0x84 Babble Error Detected traffic from device after end of frame
0x85 PIDError Theself-check bitsof areceived PID wereincorrect
0x87 Configuration Error Root 2 encountered an error while parsing a device's Configuration Descriptor in Automatic mode
Ox8A NAK Timeout Thetarget device Nak'd continuously for morethan 500mSin responseto any part of a Device Request
0x8B Request Timeout Thetarget devicefailed to complete a Device Request within 5 seconds
0x8C Command Active A new USB command (data transfer, power, USB Reset, etc.) wasissued while a BlockTrans command was active
0x8D Unknown Device An Auto Mode data transfer command was issued to a device that Root 2 does not recognize
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will beconducted asnecessary to compl etetherequest.

Ascontrol transfers, DevRgst commandsareal waystargeted to the control endpoint (endpoint 0) of the
device. INsand Outswhicharegenerated by theDevRgst command and areNAK'd by thedeviceareretried
until they aresuccessful (ACK'd), or until they timeout. Per theUSB Specification, atime-out will begenerated
duringthedataportionof thecontrol transfer if adevicedoesnot returnwithanon-NAK responseafter
500mS, or if theduration of an entiredevicerequest sequenceexceeds5 seconds.

If thedevicebeingaddressed by the DevRgst command hasbeen connected and automatically enumer-
ated by Root 2in Automatic M ode, Root 2will usetheinformationit hascollected during deviceconfiguration
regarding devicespeed (full speed or low speed) and maximum packet size(bMaxPacketS zeOfield of the
DeviceDescriptor) to properly conduct the DevRgst command. I f thedevicehasnot been configuredin Auto-
matic Mode, or if theuser desiresfor whatever reasonto overridetheautomati c-modeparametersfor device
speed or bMaxPacketS ze0 , thismay bedoneby settingthe<OVRD> flaginthe<Address> byte of the
DevRgst command, andincludingtheadditional <Control>byte.

Notethat DevRgst conductsacompletetransaction, including Setup, Dataand Statusphases. DevRgst
accommodatesmultipledatatransfersif necessary tocompl etetheentiredatatransaction, and automatically
handlesdata-togglecheckingand NAK retriesondataand statuspackets. I f thetest engineer requiresdevice
interactionto bebrokendownontoamoredetailedlevel thanthat provided by DevRgst, theDevTranscom-
mand should beused. However, conducting transactionsusing Dev Transrequiresthat thetest script or interac-
tivetest softwarehandl eeach packet of thetransaction separately, including generating NAK retries.

Thereader isreferredto Chapter 9 of theUSB Specificationfor informationregarding theproper con-
structionof aUSB devicerequest. Thisreferenceal so addressesthedetail sof the Standard USB Device
regquests. Thedetail sof class-specific(e.g., HID classspecific or Audio classspecific) requestsareaddressed
inthecorresponding Classspecifications.

Theformof theDevRgst commandis:
<SOP><CMD_DevRgst><Address>{ <Control>} <Data><EOP>

<CMD_DevRgst>istheDevRgst command|D, Ox01.

<Address> containsthetarget deviceaddress (0~ 127) inbits0~6, andthe<OVRD>flaginbit 7.
For requeststo deviceswhichhavebeen configuredvianormal Automatic Modeoperation,
OVRD istypicaly setto0, andthe<Control > byteisomitted fromthecommand. Tooverride
the Automatic M odesettings, or toi ssuerequeststo adevicewhichhasnot been configured by
Root 2in Automatic Mode, theOVRD flagissetto 1, andthe<Control > byteisincludedin
thecommand.

The<Control> parameter isincludedintheDevRgst commandonlyif the<OVRD>bitisset=1inthe
<Address> byte. <Control> allowsthedevice'sspeed and bMaxPacketS zeO valueto be
definedfor deviceswhicharenot configuredin Automatic Mode. Thelayout of <Control>is
showninfigure3-1.

The<Speed> hitsareset toindicatethebusspeed of thetarget device, asfollows:
Bitl Bit0 TargetBusSpeed
0 0 Low Speed
0 1 Full Speed
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1 0 High Speed
1 1 <Invdid>

<MaxPacketSize> i sthemaximum datapacket sizetobeusedfor transferstoandfromthedevice. This
informationisnormally obtai ned by Root 2in Automatic M odeby reading thebMaxPacketS ze0 byteof the
device'sDeviceDescriptor, andisrequiredto properly conduct sometransactionswiththedevice. The
<MaxPacketSize>field of the<XferConfig> byteisencoded asfollows:
Bitl Bit0 MaxPacketSize
0 0 8bytes

0 1 16 bytes
1 0 32bytes
1 1 64 bytes

<Data> consistsof binary databytescomprisingthevalid USB devicerequest, beginningwith
bmRequestTypeand endingwith any datato beincludedwiththerequest. Atleast eight bytesof dataare
reguiredto makeupthecontentsof the Setup packet. For device-to-host (Setup-IN) transactions, only these
eight bytesof dataarerequired. For host-to-device(Setup-OUT) transactions, any additional datato besent
withtherequest shouldbeincludedin<Data>followingtheinitial Setupinformation. Notethat <Data>should
includeonly actual data. Root 2 automatically generatesPI Ds, CRC's, etc, sothisinformation should not be
includedinthe<Data> parameter.

Thedevicerequestisissued onthebus, andtheRoot 2 respondswiththefollowing:
<SOP><RESP_DevRgst><RespStatus>{ <Response>} <EOP>

<RESP_DevRgst>istheDevRgst responsel D, 0x81.
<RespStatus>istheresponsestatusasindicatedin Table3- 1.
<Response>isthedata, if any, returned by thetarget device.

DevRgst canaccommodatean overall deviceresponsedatasize(thetotal number of bytesreceivedin
thedatastage of adevice-to-host request) of upto4Kbytesonasinglerequest.

Examples:

Read the device descriptor from device at address 2 configured in Automatic Mode:

Command: <SOP><0x01><0x02>{0x80 0x06 0x00 0x01 0x00 0x00 0x12 0x00}<EOP>

Response: <SOP><0x81><0x00>{0x12 0x01 0x01 0x01 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x??
0x??}<EOP>

Read the device descriptor from a low-speed device at address O - force maxPacketSze=8
Command: <SOP><0x01><0x80><0x00>{0x80 0x06 0x00 0x01 0x00 0x00 0x12 Ox00}<EOP>

Response: <SOP><0x81><0x00>{0x12 0x01 0x01 0x01 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x?? 0x??
0x??)<EOP>

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
<Reserved - Setto 0> Speed MaxPacketSize

Figure3-1 DevRqst Control ByteBit Definitions
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For control transfersto high-speed deviceswhichincludeOUT data, Root 2employsthePING/NY ET
protocol asdefined by theUSB 2.0 specification.

3.1.1 DevRgst and Exter nal Hubs

If thetarget deviceisalow speed device, and the deviceattached to Root 2'sRoot Port isafull-speed
device, Root 2will assumethat thel ow-speed devicebeing addressisdownstream of afull-speed hub. Inthis
case, Root 2will generateafull-speed PRE PID followed by alow-speed transfer for each packet issuedtothe
device.

If thetarget deviceisaFull Speed or Low Speed device, and the deviceattached tothe Root Portisa
high-speed device, Root 2will assumethat thedevicebeing addressed i sdownstream of ahigh-speed hub, and
will generate SPLIT transactionsto accessthetarget device.

3.1.2DevRqgst and SPLIT Transactions

If thetarget deviceisalow-speed or full-speed device, andisconnected downstream of ahigh-speed hub
whichisattachedto Root 2'sRoot Port, Root 2 must generate SPLI T transactionstothedevice. If thetarget
devicewasconfiguredin Auto Mode, andthe<OV RD> hitisnot set, Root 2will usetheinformationit ac-
quiredduringinitial configuration of thedevicetomanagethe SPLI T transactions. I f thetarget devicewasnot
configuredin Auto M ode, Root 2will not havethenecessary information- inparticular thehub addressand hub
port 1D -togeneratethe SPLIT transactions. Inthiscase, or inacasewherethetarget wasconfiguredin Auto
M ode but the user wishesto overridethe Auto M ode settings, the <OV RD> bit must be set, and Root 2 uses
thedefault Splitinformation, whichisprogrammed usingthe SplitDef command. Notethat any timeOVRD is
setandaSPLIT transactionistobegenerated, thedefault Splitinformationwill beused.

3.2Port Power On/Off

ThePower command allowstheController toturn Root port V buspower on or off. Notethat theexecu-
tionof thiscommand only switchesbuspower onor off; it doesnot affect theV busvoltagesetting, whichis
controller by the SetV cccommand. Theformat of thecommandis:

<SOP><CMD_Power><Action><EOP>

<CMD_Power>isthecommandID, 0x02.
<Action>is
0x0 = Power Off or
0x1 = Power On.

TheRoot 2will respondwith:
<SOP><RESP_Power><EOP>

<RESP_Power>istheresponselD, 0x82.

Example: Turn Vbus power on.
Command: <SOP><0x02><0x01><EOP>
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Response: <SOP><0x82><EOP>

Vbuspower defaultsto OFF.

3.3Global Suspend

AllowstheController tocommand aglobal suspend, causingtheRoot 2todiscontinue SOF generation
and pollingof downstreamdevices. Theformat of thecommandis:
<SOP><CMD_ Suspend><EOP>

<CMD_Suspend>isthecommand|D, 0x03.

TheRoot 2will respondwith:
<SOP><RESP_Suspend><EOP>

<RESP_Suspend>istheresponsel D, 0x83.

3.4. Global Resume

AllowstheController tocommandaglobal resume, causingtheRoot 2toresume SOF generationand
polling of downstreamdevices. Theformat of thecommandis:
<SOP><CMD_Resume><EOP>

<CMD_Resume>isthecommand|D, 0x04.

TheRoot 2will respondwith:
<SOP><RESP_Resume><EOP>

<RESP_Resume>istheresponsel D, 0x84.

3.5.Set VCC

TheVcccommandallowstheController toset theroot port VV busvol tage. Notethat thiscommandonly
setstheVbusvoltage. Thestateof thepower on/off switch doesnot change. V busvoltagemay bechanged
withVbuspower onor off. Theformat of thecommandis:

<SOP><CMD_VCC><Vcc Vaue><EOP>

<CMD_VCC>isthecommandID, 0x05.

<Vcc_Vaue>isaonebytevalueintherange40~125decimal, indicating thevoltageval uefor root
portVccasfollows:

Vce=4.00+<Vce_Vaue>/100involts

e.g.,a<Vvcc_Vaue>of 40decima wouldyieldaVccof 4.40V,andaVcc Vaueof 125wouldyield
aVccof 5.25V.
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Root port V cc can be set withintherange4.25V ~5.50V, and will beaccuratetowithin+/- 2% over
that. Root port V ccdefaultsto 5.00V.

TheRoot 2will respondwith:
<SOP><RESP_VCC><EOP>

<RESP_VCC>istheresponselD, 0x85.

Example: Set Vbus voltage to 5.00V.
Command: <SOP><0x05><0x64><EOP>
Response: <SOP><0x85><EOP>

3.6 VbusCurrent M easur ement

Root 2 providestwo commandsfor measuring current drawnfromV busby thedevicepluggedintothe
Root Port. L ow resol ution current measurement isprovided for backwardscompatibilty withRoot 1, and
reportscurrent toanresolutionof 3mA.. Highresol ution current measurement providesamuch higher resolution
of approximately 3uA.

Root 2 providestwolevel sof Vbuscurrent limits, for protection of theRoot 2itsel f and thedownstream
devices. First, Root 2 hardwarelimitsRoot Port current draw to amaximum of approximately 700mA. Sec-
ond, current draw inexcessof approximately 600mA will causeRoot 2 firmwaretodisableV buspower within
approximately 150mS.

3.6.1Low Resolution Current M easur ement

TheV ccMeasl commandreturnsal ow resol ution measurement of current being drawnfromtheRoot Port
Vcc(Vbus). Theformat of thecommandis:
<SOP><CMD_VccMeasI><EOP>

<CMD_VccMeasl>isthecommand|D, 0x06.

TheRoot 2will respondwith:
<SOP><RESP_VccMess|><|_Vaue><EOP>

<RESP_VccMeasl>istheresponsel D, 0x86.<I_Vaue>isal-byteunsignedvalueintherange
0~250decimal, indicating themeasured current drawnfromtheroot port Vccasfollows:

CurrentDrawn=<I_Vaue>* 3mA.

Current measurement will beaccurateto +/-2%+/- 3mA..

Example: Measure Vbus current - Low Resolution.
Command: <SOP><0x06><EOP>
Response: <SOP><0x86><0x50><EOP> " Root 2 returns Vbus current of 240mA
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3.6.2High Resolution Current M easur ement

TheV busCurrent command returnsahighresol ution measurement of current being drawnfromtheRoot
PortVcc(Vbus). Theformat of thecommandis:
<SOP><CMD_VbusCurrent><EOP>

<CMD_VbusCurrent>isthecommand| D, OxOE.

TheRoot 2will respondwith:
<SOP><RESP_VbusCurrent><l_VauelL ><EOP>

<RESP_VbusCurrent>istheresponsel D, 0x8E. <I_Vauel >isafour-byteunsignedvalueindicating
themeasured current drawnfromtheroot port V ccasfollows:

CurrentDrawn=<I_VauelL>* 2.96uUA.

Current measurementsinexcessof 2.5mA will beaccurateto+/-2%. Current measurementsbel ow
2.5mA will beaccurateto+/-50uUA.

Example: Measure Vbus current - High Resolution
Command: <SOP><0x0E><EOP>

Response: <SOP><0x8E><0x00><0x01><0x3E><0x70><EOP> ' Root 2 returns Vbus current of 241.3mA (0x0013E70 =
81,520 * 2.96UA)

3.7Root_Config

TheRoot_ConfigcommandallowstheController toset variousRoot 2 configuration parameters. The
parameterswhich can beaffected by thiscommandare:
Enable/DisableAutomaticMode.
Enable/DisableTrigger Inputs.
Enable/DisableAutoRecovery Mode.
Enable/Disablebuilt-inMonitor 1 support.
Changethebaud rate of the Root 2 serial port.
I nhibit High-Speed Connect

Theformat of thiscommandis:
<SOP><CMD_Root_Config><Parameter><Data><EOP>

<CMD_Root_Config>isthecommandID, 0x07. <Parameter>isabyteval ueindicatingtheparameter

tobeaffected, and<Data>isabyteval ueindicatingthesettingto beappliedtotheparameter,
asfollows:

<Parameter>=0: AutomaticMode
<Data>=0: Disble
<Data>=1: Endde

<Parameter>=1. TriggerInputs
<Data>=0: Triginl:Disabled TrigInO: Disabled
<Data>=1: Triginl:Disabled TrigInO: Enabled
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<Data> =2,
<Data>=3:
<Parameter>=2:
<Data>=0:
<Data>=1.
<Parameter>=3:
<Data>=0:
<Data>=1.
<Parameter>=4.
<Data>=0:
<Data>=1.
<Parameter>=5:
<Data>=0:
<Data>=1.
<Data>=2:
<Data>=3:
<Data>=4.
<Data>=5:
<Parameter>=6:
<Data>=0:
<Data>=1.

At power up:

Triginl: Enabled TrigInO: Disabled
Triginl: Enabled TrigInO: Enabled
Autorecovery Mode

Disble

Endble

Monitor 1 LED StatusSupport
Disble

Endble

Monitor 1 Push-button Support
Disble

Endble

Set Baud Rate

19200 baud

38400 baud

57600 baud

115200 baud

230400 baud

460800 baud

I nhibit High Speed Connect
High-speed connect enabled
High-speed connect disabled

Automatic M odedefaultsto Enabl ed,

both Triggerinputsdefaultto Disabled,

AutoRecovery defaultstoDisabled,

Monitor 1LED Statusand Monitor 1 Push-button Support default to Disabled,
Baud Ratedefaultsto 115200 baud.

TheRoot 2will respondwith:
<SOP><RESP_Root_Config><EOP>

<RESP_Root_Config>istheresponsel D, 0x87.

Example: Enable Both trigger Inputs.
Command: <SOP><0x07><0x01><0x03><EOP>
Response: <SOP><0x87><EOP>

3.7.1Enable/DisableAutomatic M ode

Automatic M odeisdescribedinsection2.7. With Automatic M odedi sabled, theuser application must
handleall deviceinteractions. Root port and external hub statusmust bepolled to detect deviceconnects,
devicesmust bereset enumerated and configured explicitly using I nteractiveCommands.
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3.7.2Enable/DisableExternal Trigger I nputs

Theexterna Trigger Inputsarediscussedinsection2.3. TheRoot_Configcommand allowsthetwotrigger
inputsto beindividually enabled and disabled. InInteractiveM ode, an AsynchronousResponsewill begener-
ated by Root 2inresponsetoatrigger onanenabledinput. If thetrigger inputisdisabled, inputsonthat trigger
linewill beignored. In RootScript mode, atrigger onanenabledinput will providestatustotheRS_Check
command, allowingthetrigger input tobedetected by thescript.

3.7.3Autorecovery Enable/Disable

TheAutoRecovery mechanism, when enabled, causesRoot 2to automatically attempttorecover froma
downstream overcurrent condition. When an overcurrent conditionisdetected ontheRoot Port, or onthe
downstream port of anexternal hub, power totheportisdisabledinorder to protect thehost or hub. Enabling
AutoRecovery causespower to any portswhich havebeen disabled dueto overcurrenttobereenabledona
two-second period. If theovercurrent condition hasbeenremoved, theport will thenremain powered. If the
overcurrent conditionstill exists, theportwill beshut downagainby theovercurrent detectioncircuitry. This
mechanismeffectively resultsinanautomatictwo-secondretry of any overcurrent-disabled ports.

3.7.4Monitor 1L ED Statusand Pushbutton Support

Root 2 providesbuilt-insupport for Go-NoGotesting usingtheM onitor 1 handhel dtest controller.
Monitor 1 provideseight L ED statusindicatorswhich canbedrivenby Root 2's8-bit dataport, and two push-
buttonswhichwill driveRoot 2'stwotrigger inputs. When LED Statussupportisenabled, Root 2will report
USB statusontheM onitor 1 statusindicators. When Pushbutton Supportisenabled, theoperator canusethe
pushbuttoninputsonMonitor 1toforceaUSB Reset or tocycleV buspower. Go-NoGotestingwith Monitor
lisdescribedindetail inaseparate Application Noteentitled Go/ No-Go Testing Using Monitor 1, andis
availableontheRoot 2 support CD-ROM or fromtheRPM web site (http://www.rpmsys.com).

3.7.5ProgrammableBaud Rate

Root 2 allowsthebaudrateof itsserial communicationsport to bereprogrammed. At power-on, theserial
port baudratewill defaultto 115200 baud. Subsequently, theRootConfig command can beusedto set the
baudratetoany of theva uesenumerated above. Notethat, whentheRootConfig commandisissued tochange
baudrates, Root 2will issuethecommand responseat thecurrent baudrate, beforeswitchingtothenew one.
Thehost applicationmust thereforebecertaintowait until theresponsehasbeen completely received before
switchingtothenew baudrate.

3.7.61nhibit High Speed Connect

Enablinghigh-speedinhibit preventsRoot 2 from conducting high-speed devi cedetectionsignaling (Chirp-
ing) during USB Reset, essentially causing Root 2to behaveasanon-high-speed capablehost (aUSB 1.1
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compliant host). Intheabsenceof high-speed detect signaling, ahigh-speed capabledevicewill connect at full
speed. Thisfeatureal lowstesting of ahigh-speed capabledeviceinitsful l-speed configuration.

3.8USB_Reset Command

TheUSB_Reset commandissuesabusReset ontheroot port. In Automatic Mode, thiscommandwill
resultinall deviceconnectionsbe ngterminated. A synchronousResponsesindi cating devicedisconnectswill not
begenerated, however new connect messageswill begenerated aseach deviceisre-enumeratedfollowingthe
USB Reset. Theformat of thiscommandis:

<SOP><CMD_USB_Reset><EOP>

<CMD_USB_ Reset>isthecommandID, 0x08.

WhentheReset hasbeen compl eted, theRoot 2 will respondwith:
<SOP><RESP_USB_Reset><EOP>

<RESP_USB_Reset>istheresponsel D, 0x88.

3.9DevTransCommand

Thiscommandallowsadiscretetransactionto beinitiated to auser-defined Addressand Endpoint. Unlike
DevRgst, whichcompl etesanentirecontrol transfer inasinglecommand, DevTransdeal swithonly asingle
transactionatatime. Thatis, itissuesonelN, OUT or Setup and acceptsthedevice'simmediateresponse.
DevTransistypically usedfor non-control transfers, suchasINsand OUTstobulk, interrupt or i sochronous
dataendpoints. Control transfersaremuch moreeasily handled usingtheDevRgst command. Becauseit offers
packet level control, however, it may bedesirabletouseDevTranstogeneratecontrol transfersinspecial
situations, suchaswheretheuser desiresto stepthroughthetransfer onetransactionat atime.

Chapter 8 of the U SB Specification describestheconstructionand handling of transactionsonthe USB.
Notethat CRC'sand PID check bitsaregenerated and checked automatically by the Root 2, and arenot
requiredtobeprovided by theuser. Likewise, Root 2 providesthe necessary handshakingto conduct the
packet onthebus. Theuser isrequired only to providetheaddress, endpoint, transaction PI D and any data.
ValidtokenPIDsfortheDevTranscommandarelN, OUT, SETUPand PING. PINGisonly validfor high-
speeddevices. AllowabledataPIDsareDATAO, DATAL1, DATA2andMDATA. ThePID valuescanbe

Table 3-2: USB PID Values
TokenPIDs DataPIDs
Value PID Name Value PID Name
0x1 ouT 0x3 DATAO
0xD SETUP 0xB DATAL
0x4 PING 0x7 DATA2
0x9 IN OxF MDATA
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foundinTable8-1 of theUSB Specification, but arelisted below, in Table3-2, for convenience.

Becauseof thetiming variationsassoci ated withhost communi cationsviatheserial or Ethernet port, new
transactionsaretypically staged by Root 2to beissuedimmediately following thenext SOF, inorder to prevent
overrunningtheframeor microframe. Thistypically resultsinabest-casethroughput of onetransaction per
(AmS) framefor low-speed andfull-speed devices, or onetransaction per microframe(125uS) for high-speed
devices. For RootScript applications, The DevTranscommand providesamechanismwhichallowstheuser to
overridethisconvention, allowing multipletransactionsper frameto beconducted. Thisfeatureisavailableonly
in Script mode, and requirestheuser toensurethat thetransactionsfit withinthecurrent framewithout overrun.

Itisnot recommendedthat Dev Transbeused to support high-speed, high-bandwidthinterrupt and
isochronoustransactions, inwhichmultipletransactionsper microframeareissued. Pleaserefer tothe
BlockTranscommandfor support of thesefunctions.

Theformat of theDevTranscommandis:
<SOP><CMD_DevTrans><Address><Ept><PID><Control>{ <DataPI D><OutputData>} <EOP>.

<CMD_DevTrans>istheDevTranscommandID, 0x09.
<Address>is1byte=theUSB address, 0~127, of thetarget device.
<Ept>islbyte= thetarget endpoint for thetransaction.

<PID>is1byte= the4-hit token PID whichwill beusedinthetoken packet (IN, OUT, SETUP,
PING) .

The<Control> parameter is1byteand providesinformationregardingthedetail sof thedataflow for
thetransaction. Figure3-2detailstheDevTransControl byte.

Bit 0of the<Control> parameter isthe<Direction> bit, andindicateswhether thedirection of thedata
portion of thetransactionwill beln (direction=0) or Out (direction=1). If <Direction>=1,
suchasitwouldforaSETUPor OUT transaction, <DataPI D> will bethedataPID,DATAO
or DATAL, tobetransmitted with thedatapacket. Notethat Root 2 performsno checkingfor
datatogglingwhenusingtheDevTranscommand. Thisistheresponsibility of theuser'sapplica-
tion. <OutputData> i sthedatapacket to betransmittedin conjunctionwithaSetup or Out
command, and may befrom0to 1024 bytesinlength. <DataPl D> and <OutputData> arenot
includedif <Direction>=0.

Bits1and 6 of the<Control > parameter arethe<Full Speed> and <HighSpeed> bits, respectively. If
<HighSpeed>isset (=1), itindicatesto Root 2 that thefunctionbeing addressedisahigh-
speeddevice. If <Full Speed>isset (=1), itindicatesto Root 2 that thefunction being ad-
dressedisafull-speed device. If both <Full Speed> and <HighSpeed> bitsare=0, thenthe
target deviceisassumed to below speed.

Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Immed HighSpeed| FSplit | LoopBack Transfer Type FullSpeed | Direction

Figure3-2 DevTransControl ByteBit Definitions
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Bits2 and 3 of the<Control> parameter indicatethetransfer type. Thisfieldisusedforisochronous
transfersandfor SPLIT transactions. Itisencoded asfollows:

Bit3 Bit2 TrandferType
0 0 Control

0 1 | sochronous
1 0 Bulk

1 1 Interrupt

Bit4 of the<Control> parameter isthe<L oopBack> bit. If thisbitisset (=1), devicedataisread from
andwrittentothel oopback bufferinRoot 2memory, andisnot takenfromor returnedtothe
host.

Bit5of the<Control> parameter isthe<FSplit> bit. If thishitisset (=1), Root 2will usethedefault
SPLIT settingsfor Hub Addressand Hub Port, set by the SplitDef command. Otherwise, Root
usesAuto M odeknowledgeof thetarget devicetogeneratethe SPLIT. Thisbit appliesonly to
SPLIT transactions.

Bit 7 of the<Control> parameter isthe<Immed> bit. When set, thisbit causesthe DevTranspacket to
beissuedimmediately, without waitingfor thenext SOF. Thishitisvalidonly inaRootScript.

Thedevicetransactionisconducted onthebus, andthe Root 2 respondswiththefollowing:
<SOP><RESP_DevTrans><RespStatus>{ DeviceResponse} <EOP>

<RESP_DevTrans>istheDevRgstresponsel D, 0x89. <RespStatus> i stheresponsestatusasindi cated
inTable3-1.Inthecaseof anIN, the{ Device Response} isthedatapacket returned by thetarget device. In
thecaseof an Output command (Out or Setup), thedevice'sresponsetothecommandiscompletely definedin
theRespStatusbyte, and{ DeviceResponse} ishot present.

3.9.1DevTransOperationwith Exter nal Hubs

If thetarget deviceof theDevTranscommandisdes gnated asl ow-speed (<Full Speed>and
<HighSpeed> bits=0), and the deviceattached tothe Root 2'sRoot Port isafull speed device, Root 2 will
assumethat thedevicebeing addressedisal ow-speed deviceattached to thedownstream port of afull-speed
hub, andwill generateal ow-speed preamble(PRE PID) toindi cateto thehub and other full-speed devices
downstreamthat al ow-speed packet follows.

If thetarget deviceof theDevTranscommandisdesignated asal ow-speed or full-speed device, and the
deviceattachedto Root 2'sRoot Port isahigh-speed device, Root 2 will assumethat thedevicebeing ad-
dressedisalow-speed or full-speed deviceattached to thedownstream port of ahigh-speed hub, andaSPLIT
transactionwill begenerated. Root 2will compl etetheentiresplit transaction prior toreturning aresponse(see
followingsection).

3.9.2DevTransand SPLIT Transactions

If thetarget devicefor thetransactionisal ow-speed or full-speed devicedownstream of ahigh-speed hub
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attachedtoRoot 2, DevTransmust generateaSPL I T transactionto accessthedevice. I f thedevicewas
configuredin Auto Mode, Root 2will haveknowledgeof thehub addressand theport onthat hubtowhichthe
target deviceisconnected, anditwill usethat knowledgeto completethe SPLIT transactiontransparently tothe
user application. If thedevicewasnot configuredin AutoMode- that is, it hasnot yet been configured, or was
configured manually using DevTransor similar commands- thentheuser must providethehub addressand hub
portinformationfor thetarget device. Thisisdoneby first programmingthedefault SPLIT information (hub
addressand hub port) using the SplitDef command, then setting the<FSplit>bitintheDevTrans<Control >
bytetoforceRoot 2tousethedefault SPLIT information.

Ingenerating SPLIT transactions, Root 2 must beawareof thetypeof transactionbeingissued. This
informationisforwardedtothehub, andisusedindetermininghowtocarry outthe SPLIT transaction.

3.9.3DevTransand Immediate M ode

Under normal circumstances(Immedbit=0), Root 2 alwaysbeginsanew bustransactionimmediately
after aSOF. Thisensuresthat thetransactionwill not overrunthecurrent frame. The<Immed> bitallows
RootScriptsto circumvent thissafeguard. |nusing the<Immed> bit, thescript writer must takeresponsibility for
avoidingtheconditioninwhichtrafficisgenerated onthebuswhichoverrunstheend of theframeor
microframe. Ingeneral, theRoot 2 hasan overhead of approximately 50uSassoci ated with each bustransac-
tion. Thisincludesthetimerequiredtofetchanew script command, setup and conduct thetransactionand
verify theresponse, exclusiveof theactual datatransmission. Onecould, for example, expecttoissueupto
eight (64-byte) full-speed bulk transfersper frameasfollows:

{Packet 1} Immed =0; DevTrans- OUT - 64 bytes I/ sync to SOF
{Packet 2} Immed=1; DevTrans- OUT - 64 bytes [[transferimmediately

{ Packet 8} Immed=1; DevTrans- OUT - 64 bytes [[transferimmediately
{ Packet 9} Immed=0; DevTrans- OUT - 64 bytes /Iresyncto SOF
{ Packet 10} Immed = 1; DevTrans- OUT - 64 bytes [[transferimmediately

Inthisexample, thetotal bustimefor eachtransfer is approximately 60uS, including bothtokenanddata
packets, and accounting for possiblebit stuffing. Adding 50uSfor Root 2 overhead givesapproximately 110uS
per transfer. After theeighthtransfer, itisnecessary towait againuntil thestart of thenext frametoavoid
overrunningtheend of frame. NOTE that the<Immed> bit canonly beusedin RootScripts. Itisignoredin
ImmediateM odeDevTranscommands. Inmost cases, itiseas er and safer tousethe Block Transcommandto
issuemultiple-transaction-per-frame(or microframe) transfers.

3.9.4DevTransand Automatic M ode

Caremust betakeninusingtheDevTranscommandinconjunctionwith AutomaticMode, sinceitallows
conditionsto becreated whichwill underminetheRoot 2'sknowledgeof thestateof downstreamdevices,
causingittopotentially mishandlepacketsto or fromthedevice. Inparticular, issuingcommandsviaDevTrans
which causeadevice'saddressto change, or which causeitto operateusinginaconfigurationdifferentfrom
thatinitialy enabled by Automatic M odecan causeunforeseen problems.
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3.9.5DevTransand L oopback Mode

WhenBit4issetintheDevTransControl byte, thetransactionisdirectedtotheloopback buffer. If the
transactionisan|N, datareceivedfromthedeviceisstoredintheloopback buffer in Root 2memory, andis
not returnedtothehost. If thetransactionisan OUT, no datai staken fromthehost command stream. I nstead,
dataistakenfromtheloopback buffer, andthesi ze of thedatatransfer will bethesameasthesizeof theIN
transfer whichfilledtheloopback buffer. L oopback modeisintendedtoallow datatobereadfromanIN
endpoint, then subsequently writtentoan OUT endpoi nt without havingto movethedatato or fromthehost,
makingitamuchfaster transaction. For example, datamay beread fromanisochronousaudioIN function
(e.g.,adigital microphone), thenwrittentoanisochronousaudioOUT function(e.g., adigital speaker) inthe
sameframe. Notethat, sincetheloopback bufferisaseparatebuffer, other, non-loopback traffic can beissued
betweenloopback commands.

3.10DataPort and Trigger Out

TheDataPort command isused to strobedataontotheexternal dataport. Thedatacan bewrittenusing
oneof twomethods: direct or masked. Usingthedirect method, theuser ssimply suppliesan 8-bit datavalue
whichiswrittentothedataport. Using the masked method, theuser suppliesan 8-bit AND mask, andan 8-bit
ORmask. TheAND maskisfirst appliedtothecurrent dataport dataval ue. Theresult of thisoperationisthen
OR'dwiththe OR mask, and theresultant dataiswrittentothedataport.

DirectMethod: DataPort <- NewData
Masked M ethod: DataPort <- ( (DataPort & ANDMask) | ORMask)

Thedatawrittentothedataport will bedrivenontothe Root 2'sparallel datalines, andthe TrigOut strobe
will betoggled asdescribedinsection 2.4. Notethat, whilethe TrigOut strobeonly togglesonce per execution
of thecommand, thevaluewrittentothedataport will continueto bedrivenontheoutputsuntil anew valueis
written.

Thiscommandisuseful ingenerating strobed dataoutputs, such asmay beusedasaninputtoalogic
analyzer, usingthe TrigOut strobeasaclock. Thecommandisal souseful ingenerating staticoutputsonthe
datalinestobeused, withtheproper interfacecircuitry,indrivingexterna indicatorsor controlling external
actuators.

Theformat of thedirect commandis;
<SOP><CMD_DataPort><Data Vaue><EOP>

<CMD_DataPort>isthecommand|D, Ox0A.

<Data Vaue>isaonebytevauetobewrittentothedataport.

Theformat of themasked commandis:
<SOP><CMD_DataPort><AND_Mask><OR_Mask><EOP>

<CMD_DataPort>isthecommand|D, Ox0A.
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<AND_Mask>isaonebyte AND mask.
<OR_Mask>isaonebyte OR mask.
Root 2 di stingui shesbetween thedirect and masked methodssimply based onthelength of thecommand

string. Ineither case, theRoot 2will respondwith:
<SOP><RESP_DataPort><EOP>

<RESP_DataPort>istheresponsel D, 0x8A.

Example: Direct Method

Command: <SOP><0x0A><0x55><EOP> 'Parallel data output after command = 0x55
Response: <SOP><0x8A><EOP>

Example: Masked Method. Vaue of dataport prior to command = OxOF

Command: <SOP><0x0A><0x0C><0x81><EOP> 'Parallel data output after command = 0x8D
Response: <SOP><0x8A><EOP>

3.11 Read Root Hub Status

TheGet_RootStatuscommandreturnsabytecontai ningvariousinformationregardingthestatusof the
Root hub. Theformat of thecommandis:
<SOP><CMD_Get_RootStatus><EOP>

<CMD_Get_RootStatus>isthecommand|D, 0x0B.
TheRoot 2will respondwith:
<SOP><RESP_Get_RootStatus><Data Vaue><EOP>

<RESP_Get_RootStatus>istheresponsel D, 0x8B.

Theonebytevaluereturnedin<Data Vaue>isencodedasfollows:

Bit0- Low-speedConnect Status
=1if alow-speed deviceisconnected to the Root Port

Bit1- Full-speed Connect Status
=1if afull-speed deviceisconnected to theRoot Port

Bit2- Power State
0 Root Port Power Off
1 Root Port Power On

Bit 3- SuspendState
0 Root Port Active(not suspended)
1 Root Port Suspended

Bit4- Root Port Enabled State
0 Root Port Disabled
1 Root Port Enabled

Bit5- AutoRecovery Status
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0 AutoRecovery Disabled
1 AutoRecovery Enabled

Bit6- High-speed Connect Status
=1if ahigh-speed deviceisconnected totheRoot Port

Bit7- Not Used

ThePower and Suspend Stateval uesreturned by thiscommand canbeuseful intheevent that these
factorschangeasaresult of something other thanacommandfromthetest controller. For instance, intheevent
of anovercurrent conditionontheRoot port, Vbuspower will beswitched off. Similarly, if theRoot portis
Suspended by commandfromtheController, it can bebrought out of Suspend by Resumesignalingfroma
downstreamdevice.

Bit4,theRoot Port Enabl ed status, will typically betrue (enabled) when power isonandadeviceis
connected and operating properly. Certain circumstances, suchasadevicebabbling onthebus, will causethe
Root 2 host controller todisabletheroot port. Inthisinstance, itisnecessary to disabl ethenreenableroot port
power toreenabletrafficontheroot port.

Bit 5reflectsthestateof the AutoRecovery feature, whichisdescribedin Section 3.7.
3.11.1 RootStatus Connect Bits

TheConnectbits, Bit0, Bit 1and Bit 6, will beset =1toindicate connection of alow-speed, full-speed or
high-speed device, respectively. If nodeviceisconnected, all threebitswill be=0. If adeviceisconnected, but
hasnot yet beenreset, itsspeed will beunknown, and all threeconnect bitswill be=1.

3.12Block Transfer

TheBlockTranscommand allowstheoperator to automatetheimplementation of largetransferstoor from
adevice. Incontrastto DevTrans, whichrequiresthe Controller or RootScript to conduct every transactionina
transfer, Block Transiscapableof completingalargetransfer, consi sting of many transactions, withoutinterven-
tion. BlockTranscanbeusedto performtightly-packed transferscons sting of multipletransactionsper frame
(ormicroframe) at al busspeedsandinall transfer modes, i ncluding high-speed, high-bandwidthinterrupt and
isochronoustransfers. Inaddition, Block Transsupportsalooping mode, inwhichadatatransfer upto 524,280
Bytesinsizecanbeissued repeatedly. Thenumber of transactionsto beperformed per frameor microframeis

Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
- - - - - - NakEnd Loop

Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
- HighSpeed FSplit - Transfer Type FullSpeed -

Figure3-3 Block TransControl Word Bit Definitions
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programmabl e. Block Transisintendedfor interrupt, bulk or isochronoustransfersto or fromdataendpoints.
TheDevRgst command should beusedto performthisfunctionfor control transfers.

Theformat of theBlockTranscommandis;

<SOP><CMD_BlockTrans><Addr><Ept><P| D><Control><DataPI D><Servicel nterval >
<MaxPacketSize><PktM ult><Datalen>{ <OutputData>} <EOP>

<CMD_BlockTrans>- 1byte-istheBlockTranscommand D, 0x39.
<Address> - 1 byte- isthe USB address, 0~127, of thetarget device.
<Ept>- 1 byte- isthetarget endpoint for therequest.

<PID> - 1 byte- isthestarting Token PID (IN, OUT or PING).

<Control> - 2 bytes- isa16-hit control word. Theformat of <Control>isshowninFigure3-3, andits
bitsaredefined below.

<DataPID> - 1 byte- isthestarting PID to be used for non-isochronousOUT transfers(DATAOor
DATAL).

<Servicelnterval> - 2 bytes-16 bit valuewhich setstheframeor microframeinterval betweentransac-
tions

<MaxPacketSize> - 2 bytes- Default packet sizefor datatransfer (1 ~1024)

<PktMult>- 1 byte- Indicatesnumber of additional transactionsper frameor microframe (0~ 31)

<Datalen> - 4 bytes- Length of transfer datainbytes

<Output Data> - Datato be sent tothedevicefor OUT transfers

3.1.2.1BlockTransControl Word

TheBlockTranscontrol wordbitsaredefined asfollows:

Bit1: Full Speed
Thisbitshouldbeset (=1) if thetarget deviceisafull-speed device.

Bits3,2: Transfer Type
Thesebitsdefinethetypeof transfer being performed, and areusedfor I sochronousand SPLIT

transfers.
Bit3 Bit2 TransferType
0 0 Control
0 1 Isochronous
1 0 Bulk
1 1 [ nterrupt
Bit5: FSplit
Thishitisset (=1) toforceRoot 2to usethedefault Splitinformation programmed by the SplitDef
command.
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Bit6: HighSpeed
Thisbitisset (=1)if thetarget deviceisahigh-speeddevice.

Bit8: Loop
Thishitisset (=1) to causethetransfer toberepeated until itisterminated by the StopTrans
commandor anerror.

Bit9: NakStop
THisbitisset (=1) to causethetransfer to beaborted if any transactionisNAK'd by thedevice.

3.12.2BlockTransPID Handling

<PID>isthestartingtoken PID. Onan OUT transfer to ahigh-speed device, the PID can beset either to
PINGor OUT, identifyingthefirst tokento beused by Root 2whenthetransfer isinitiated. Root 2will then
automatically handleOUT dataflow usingthe OUT/PING/NY ET protocol . For low-speed andfull-speed
transfers, only IN and OUT tokensarevalid.

<DataPI D>isthedataPID that will beissuedwiththefirst OUT transaction of thetransfer, or will be
expectedonthefirstIN transaction of thetransfer. For bulk andinterrupt transfers, <DataPI D> canbeset to
either DATAOor DATA1, asrequired by thestateof thedevice, and subsequent datatogglingwill behandled
by Root 2.

For full-speedisochronoustransfers, and high-speedisochronoustransferswhich do not performmuiltiple
transfersper microframe, USB doesnot support datatogglesequencing, andtheDATAOPID istypically used.
For high-speed, high-bandwidthisochronoustransfers, datatogglesequencingisused, andthesequencingis
differentfor INsand OUTs. For high-speed high-bandwidth OUT isochronoustransfers, thestarting dataPl D
isshouldbesettoMDATA, and Root 2 will then managethedatatoggl e sequencingfor theremainder of the
transfer. For high-speed high-bandwidth I N isochronoustransfers, <DataPI D> shouldbesettoDATA2if
<PktMult>is=2,or DATALif <PktMult>is= 1. Root 2will then managethedatasequencingfor theremain-
der of thetransfer.

3.12.3Bulk andInterrupt TransfersusingBlock Trans

For IN transfersfrombulk andinterrupt endpoints, thetoken PI D should alwaysbelN. For OUT trans-
ferstolow-speed andfull-speed devices, thetoken PID should alwaysbe OUT. (If thetarget deviceisal ow-
speed or full-speed devicedownstream of ahigh-speed hub connected to Root 2, seethesectionbelow on
Split Transactionsusing BlockTrans). For OUT transferstoahigh-speed bulk or interrupt endpoint, thestarting
PID may besettoeither OUT or PING. Setting <PID>to PING will causethe Root 2to start thetransfer by
issuing PINGstotheendpoint until itreceivesan ACK, at whichtimeitwill switchtoOUT and begintransfer-
ringdata. If, at any time, Root 2receivesaNY ET or NAK responsefromthedevice, it will againswitch back
toaPING token.

The<Servicel nterva >and <PktM ult> parametersdeterminetheflow of datapacketsthroughout the
transfer. <Servicel nterval > determinesthenumber of unusedframes, for low-speed andfull-speed devices, or
microframesfor high-speed devi ces, betweentransactions. A <Servicel nterval>va ueof Owill resultin packets
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beingtransferredevery (micro)frame(i.e., Ounused framesbetweentransfers). <PktM ult> determinesthe
number of additional transactions(that is, inadditiontothefirst one) tobeperformedinaframe, for low-speed
andfull-speeddevices, orinamicroframefor high-speed devices. Together, thesetwo parametersdefinethe
transactionflow as <PktMult>+ 1 transactionsevery <Servicel nterval >+1 (micro)frames. Herearesome

examples
<Savicelnterval> <PktMult>  Transfer Flow
0 0 1 packet per frameor microframe
1 0 1 packet every other frameor microframe
2 0 1 packet every thirdframeor microframe
0 1 2 packetsevery frame
0 10 10packetsevery frame
1 10 10packetsevery other frame

<MaxPacketSize> definesthedefault packet sizefor eachtransaction. For OUT transfers, all transactions
will contain<M axPacketSize> bytesof data, withtheexception of thel ast packet of thetransfer, whichmay be
shorter that <M axPacketSize>if theentiretransferisnot aninteger multipleof <MaxPacketSize> bytes. For
IN transfers, all received transactionsareexpectedto contain <M axPacketSi ze> bytes, with theexception of
thelast transaction of thetransfer which may beshorter than <M axPacketSize> if theentiretransferisnot an
integer multipleof <MaxPacketSize> bytes. Whenreceiving, any received packet with adatapayl oad shorter
than<MaxPacketSize>will beinterpreted asashort packet, andwill causethetransfer to beterminated.

For interrupt endpoints, the USB Specificationlimitsthenumber of transactionsto agivenendpoint per
microframetothreefor high-speed, high-bandwidthinterrupt endpoints, and to onetransaction per framefor
full-speed endpoints. For bulk transfers, thereisno specified limit tothenumber of transactionsper frametoa
givenendpoint, other thantheimplicitlimitimposed by theavail ablebusbandwidth. Root 2 doesnotimpose
any limitations, other thanthat it will support amaximumof 32 transactionsper (micro)frame(<PktMult>=31).
Itistheresponsibility of theprogrammer to ensurethat thenumber of packetsrequested per framewill fitinthe
frame. That is, theuser must ensurethat <PktM ult> transacti ons, each contai ning <M axPacketSi ze> bytesof
data, plustoken packets, CRC's, bit-stuffing, etc., will fit together withaSOF inthe ImSframeor 125uS
mi croframewithout overrunningtheend of frame. Remember toincludeboththehost and device portionsof
eachtransaction, aswell asinterpacket delays, inthecal culation. | nterpacket del aysbetween back-to-back
transmissionsfrom Root 2, for instance, between atokenand dataOUT packet, areapproximately 4 bittimes.
| nterpacket del aysbetween devicetransmission and the subsequent Root 2 transmissionisal soapproximately 4
bittimes. Hereisanexamplefor afull-speed bulk OUT transfer with<M axPacketSize>=64. Thenumbers
shownaremaximumbittimeswith nobit stuffing. Thenumbersin parenthesesshow maximumbit timeswith

maximumbitstuffing.
Host Transmit

Sync 8
TokenPID 8
Token Packet 24 (28)
EOP 2

Gap 4

Sync 8
DataPID 8

Data 512 (597)
CRC 16 (19)
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EOP 2

TurnaroundDelay 13
DeviceTrangmit

Sync 8

HandshakePID 8

EOP 2

Gap 4
TOTAL 627 (719)

Thereare12,000bittimesavailableinafull-speedframe. Approximately 40 bitstimesarelost tothe SOF
packet, leaving 11,960 bittimesfor data. Thisallowstimefor amaximumof 16transactionsper framewith
maximumbit stuffing, or 19transactionsper framewithnobit stuffing.

3.12.41sochronousTransfersusingBlock Trans

The<Isoch>bitinthecontrol word must beset (=1), for all isochronoustransfers. ThetokenPID,
<PID>, shouldbesettoIN or OUT, depending uponthedirection of thetransfer. For full-speedisochronous
transfers, or high-speedisochronoustransferswhichdonot performmultipletransfersper microframe, nodata
sequencingissupported by USB, sothedataPI D istypically settoDATAO. For high-speed, high-bandwidth
isochronoustransfers, thestarting dataPI D should beset asdescribedinsection 3.12.1.

<Servicel nterval>and <PktMult> aredefinedinthesameway as

For OUTs, <M axPacketSize> should be set to thenumber of bytesto beissuedineachtransaction. For
full-speedtransfersand high-speedtransferswhich performonly onetransaction per microframe(<PktMult>=
0), onetransaction

3.12.5Transfer Initiation and Ter mination

SinceBlockTranscommandscantakeal ongtimeto execute, thecommand/responsemechanismfor this
commandisdifferent thanfor most Root 2commands. WhenaBlock Transcommandisissued, Root 2 will
returnaresponseimmediately. Aninteractiveuser application must thenusetheBlock TransStatuscommandto
determinewhenthetransfer hascompleted, andwhat thecompl etion statusis. If theapplicationisaRootScript,
itmustusetheRS_Check commandto determinewhenthetransferiscomplete. TheRoot 2 responsetothe
BlockTranscommandis:

<SOP><RESP_BlockTrans><RespStatus><EOP>

<RESP_DevTrans>istheBlockTransresponsel D, 0xB9. <RespStatus> istheresponsestatusas
indicatedinTable3-1. SinceBlockTransreturnsitsresponsebeforethetransfer actually starts, its
<RespStatus>will typically beSuccess. Thecommandwill fail under certainconditions, forinstance, if it
receivesbad parameter information, or becauseanother Block Transcommandisstill active.

For al transfer modes, the<Datal_en> parameter definesthetotal length of dataexpectedfor IN transfers,
andthetransfer will beterminated when <Datal_en> bytesof datahavebeenreceived. For OUT transfers, the
datatransfer will bedefined by thesmaller of <Datalen>and thenumber of bytescontainedin<OutputData>,
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andthetransfer will beterminated whenthat number of byteshavebeentransferred. If the<Loop>bitinthe
<Control>wordisset (=1), Root 2will immediately restart thetransfer onceit hascompl eted.

Any error condition(e.g., STALL, CRCerror, DataToggleerror, noresponsefromdevice) will causethe
transfer tobeterminated, regardlessof thestateof the<L oop> bit.

For interrupt and bulk modes, setting the<NakEnd> (=1) inthe<Control>wordwill causethetransfer to
beterminatedif aNak received fromthedeviceonany transaction, regardlessof thestateof the<L oop> bit.

Finally, thetransfer canbeforcibly stopped by issuingthe StopTranscommand. Oncethecommand has
beenterminated, for whatever reason, Block TransStatuscan beused to examineitstermination conditionslf the
transfer wasanIN, ReadTranscan beusedtoretrievethedatareturned by thedevice..

3.12.6Block TransL ooping

If the<L oop> hitissetin<Control>, theRoot 2will issuethesamebl ock transfer continuously until it
encountersanerror, until if encountersaNak if the<NakEnd> bitisset, or until itishalted by aStopTrans
command. If thetransferisan OUT, thesamedatawill betransferred tothedeviceon each passof theloop. I
thetransferisan|IN, dataread fromthedevicewill continuoudly overwritethetransfer buffer. Thedataleftin
thetransfer buffer whenthetransfer isstopped can beread usingthe ReadTranscommand.

3.13Block Transfer Status(Block TransStatusCommand)

TheBlockTransStatuscommandisused by aninteractiveapplicationtodeterminewhenaBlockTrans
command hascompleted, toexamineitstermination conditions, andtoretrievedatareturned fromthetarget
device. Theformat of theBlock TransStatuscommandis:

<SOP><CMD_BlockTransStatus><EOP>.
<CMD_BIlockTransStatus>isthecommand byte, 0x38.

Root 2respondswith:

<SOP><RESP_BlockTransStatus><ExecStatus><TransStatus><EOP>
<RESP_BlockTransStatus>istheresponsebyte, OxB8.
<ExecStatus> - Execution Status

=0: Blocktransferisactively running

=1:Block transferiscomplete
<TransStatus> - Transaction Completion Status. Thisbyteisvalidonly if <ExecStatus>=1, and
will containthecompl etion statusof theblock transfer, asdefinedin Table3-1.

3.14Stop Block Transfer (StopTransCommand)

StopTransisissued by theControllertoforcibly stopaBlockTrans. Theformat of the Stop Transcom-
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mandis.

<SOP><CMD_StopTrans><Mode><EOP>.
<CMD_StopTrans>isthecommandbyte, Ox3A.
<Mode> - indicatesat what point thetransfer should behalted
=0: Halt at completion of transfer. Thismodeisuseful to stopaloopingtransfer onatransfer
boundary.
=1: Hatimmediately. Thismodewill haltimmediately, or at thecompl etion of thecurrent
transaction, if oneisactive.

Root 2 respondswith:

<SOP><RESP_StopTrans><EOP>
<RESP_StopTrans>istheresponsebyte, OXBA.

Oncethe StopTranscommand hasbeenissued, the Controller must continuetopoll, usingthe
BlockTransStatuscommand, to determinewhenthebl ock transfer hasactually compl eted, andtoacquire
terminationgtatus.

3.15Read Block Transfer (ReadTransCommand)

ReadTransisusedtoread datafromtheblock transfer buffer after aBlockTransIN hascompleted. The
format of theReadTranscommandis:

<SOP><CMD_ReadTrans><Mode><EOP>.
<CMD_ReadTrans>isthecommandbyte, 0x3B.

Root 2 respondswith:

<SOP><RESP_ReadTrans>{ Read Data} <EOP>
<RESP_ReadTrans>istheresponsebyte, OxBB.
{ Read Data} isthedataleftinthetransfer buffer at thecompletion of theBlockTransIN.

Theamount of datareturned will betheamount actually returned by thedevice.

3.16 Program Default Split I nfor mation (SplitDef Command)

TheSplitDef command programsthedefault hub addressand hub port sel ect to beused by Split transac-
tionsfor which Root 2 doesnot havehub and port information. Whenal ow- of full-speed deviceisconnected
downstream of ahigh-speed hub, transactionsto and fromthat devicemust beissued as Split transactions. Split
transactionsrequirethebusaddressof thehub, andtheport 1D onthehub, towhichthedeviceisattached. If
thedeviceisconfigured automatically by Root 2in Automaticmode, Root 2 acquiresthisinformationand can
useittogenerate Split transactionsasnecessary infuturedatatransfer commands(DevRgst, DevTransand
BlockTranscommands). If Automatic M odei sdisabled whenthedeviceisconnected, theapplication
must providedefaultinformationtobeused by thedatatransfer commands. SplitDef alowsthisinformationto
beprovided by theapplication. Theformat of the SplitDef commandis:

Root 2 I nterface Specification Release 1.1 January 26, 2006 Page 32




RPM Systems Corporation

<SOP><CMD_SplitDef><Hub Address><Portl D><EOP>
<CMD_$SplitDef>istheSplitDef command 1D, 0x37.

<HubAddress>isthebusaddress, 1~ 127 of thehubtowhichthetarget deviceisconnected
<PortID>isthehubport 1D for theport towhichthetarget deviceisconnected

Root 2 respondswith:

<SOP><RESP_SplitDef><EOP>
<RESP_SplitDef>isthe SplitDef responsel D, 0xB?7.
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4. Asynchronous Responses

Asynchronousresponsesaregenerated by Root 2to call attentiontoasynchronousevents. The Transmis-
sioncodesusedin AsynchronousResponsesareunique, allowingthemtobeeasily differentiated fromcom-
mand responses.

4.1 Connect Event

Whenanew deviceconnectisdetectedin Automatic mode, Root 2 resetsthedevice, enumeratesitand
placesitinitsinitial configuration. Atthistime, aConnect EventisissuedtotheController. Theaddressas-
signedtoeachdeviceispredictable, tofacilitatethewriting of test applications. A devicepluggedintotheRoot
portwill alwaysbeassigned address2 by thehost controller in Automatic mode. If anexternal hubisconnected
totheRoot port, theaddressof thehubwill be 2, and devicesconnected to the downstream portsof the hub
will beenumerated beginning with thehub'sdownstream port O at address 3, port 1 at address4, etc. Notethat
theaddressassignment in Automati c modeisdetermined by thephysical port of thehub, regardlessof theorder
inwhichdevicesareattached. For instance, adevicesattached to physical ports1and 2 of anexternal hubwill
beassigned addresses4 and 5, respectively, regardlessof theorder inwhichthedevicesareconnected. Note
that Root 2 doesnot support multiplelevel sof hubs. Hub supportislimited tothehub connected directly to
Root 2.

Whenthedevicesubsequently disconnects, aConnect Event isissuedtothe Controller indicating that the
devicehasdisconnected. Thedisconnecting deviceisidentified by theaddresswhichwasassignedtoit at
connecttime.

Theformat of theConnect Eventis;
<SOP><RESP_Connect><Action><Address>{ <DeviceClass><Vendor | D><Product
ID>} <EOP>

<RESP_Connect>istheresponsel D, 0x90.
<Action>isabytevalueOx0for aconnect, or Ox1for adisconnect.
<Address>istheUSB addressassignedtothedeviceby thehost controller.

<DeviceClass>, <Vendor | D>and <Product | D> areprovided only inthe case of aConnect, and are
takendirectly fromthedevice'sDeviceDescriptor.

<Vendor | D>and <Product | D> aretwo-bytevalues, transmitted L SB first. <DeviceClass>isal-
bytevaue.

4.2 Status Event

A StatusEventisanasynchronousresponsegenerated by theRoot 2in Automatic Modetoinformthe
Controller of astatuschange, other thanaconnect or disconnect, onthebus. Thistypeof eventistypicaly
generated astheresult of polling thestatus-changeendpoint of ahub ontheroot port. Theformat of there-
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sponseis.
<SOP><RESP_Status><HubAddress><Port#><Status Vaue><EOP>
<RESP_Status>istheresponsel D, 0x91. <Hub Address> istheenumerated addressof thehub
reporting thestatus, and <Port #>isthenumber of theport onthat hub reporting thestatus

change. <Status_Value>isthe 16-bit Port Statusvalueelicited fromthehubfor that port, per
theUSB SpecificationRev 1.1, Table11-5.

4.3 Data Event

InAutomaticM ode, Root 2 automatically pollsany interrupt IN endpointsdefinedininitial configuration

for eachdevice. Examplesareastandard HI D keyboard'sdataendpoint or ahub'sstatuschangeendpoint. A

DataEventisanasynchronousresponsegenerated by theRoot 2in Automatic M odetoinformtheController

that datahasbeenreturned by adownstreamdeviceinresponsetothispolling. Theformat of theresponseis:
<SOP><RESP_Data><Address><Endpoint>{ Data} <EOP>

<RESP_Data>istheresponselD, 0x92.
<Address>and <Endpoint> are 1-byteval uesindicating theaddressand endpoint reporting thedata
{ Data} isthedatareported fromthedevice.

4. 4Error Event

AnError Eventisanasynchronousresponsegenerated by theRoot 2in AutomaticModetoinformthe
Controller that anerror wasencounteredin communi cating withadownstreamdevice. Theformat of the
responseis:

<SOP><RESP_Error><Address><Endpoint><Error><EOP>

<RESP_Error>istheresponsel D, 0x93.

<Address>and <Endpoint> are 1-byteval uesindicating theaddressand endpoint onwhich theerror
wasencountered.

<Error>isal-bytevalueindicatingthetypeof error encountered asshownin Table3-1.

Themajority of theerror statusresponsesaresel f-explanatory. Thefollowing paragraphsdetail thoseless
obviousresponses.

A PID Error indicatesthat areceived PID waseither aninvalidvalue, or itscheck bitsdid not match.

A BabbleError isreturnedif adevicebeginstransmitting onthebusunexpectedly, or continuestotrans-
mit after an EOP.

The Short Packet responseindicatesthat areceived datapacket wasshorter thantheshortest valid
packet. Theshortest valid datapacket consistsof aSYNC, adataPID and a16-bit dataCRC. Any received
datapacket whichisshorter thanthisminimumwill beflaggedwiththiserror.
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TheConfiguration Error responseisreturnedin Automatic Modeonly, andindicatesthat Root 2was
not ableto successfully parsethe Device, | nterfaceand Endpoint Descriptorsof an attached deviceinorder to
configurethedevice. Thistypically indicatesadescriptor formattingerror inthedevice.

4.5 Root Fail Event

Root Fail isanasynchronousresponsegenerated by theRoot 2inresponsetoafailureconditiononthe
root portitself. Currently, theonly Root Fail conditionisanovercurrent detectionontheroot port. Theformat
of theresponseis:

<SOP><RESP_Fail><Error><EOP>

<RESP_Fail>istheresponsel D, 0x94.

<Error>isanerror codeindicatingthenatureof thefault. Currently, theonly defined <Error>valueis
0x01, indicatingaroot port overcurrent. Oncethisconditionisdetected and reported, power totheroot portis
disabledautomatically by theRoot 2.

4.6CommandError

Command Error isanasynchronousresponsegenerated by the Root 2inresponseto an unrecogni zed or
improperly-formatted command. After generating thisresponse, Root 2will seek for anew <SOP> sequence
tobeing parsingthenext command. Theformat of the Command Error responseis:

<SOP><RESP_CmdError><EOP>

<RESP_CmdError>istheresponsel D, 0x95.

4.7Trigger Event

TheTrigger Eventisanasynchronousresponsegenerated by theRoot 2inresponsetoanexternal trigger
ontheTrigInOor TriginllinesontheControl connector. Trigger activity will only berecognized, andthis
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responsewill only begenerated, if thetrigger input hasbeenenabled usingtheRoot_Configcommand. The
format of theresponseis:
<SOP><RESP_Trigger><Source><EOP>

<RESP_Trigger>istheresponsel D, 0x96.

<Source>isavaue0x0or Ox1lindicatingthetrigger source(TriginOor Triginl, respectively).
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5. RootScript

Command executionontheRoot 2 asdescribed thusfar isreferredtoas"immediatemode" execution.
Eachcommandisreceived, executedimmediately, anditsresponseisreturnedtotheController. RootScript
providesanon-immediatemodeof execution, or " script mode”, inwhich asequenceof Root 2 and RootScript
commands(ascript) isloadedinto Root 2, then executed asaprogram. Scripting allowscommandstobe
executedinmuchmorerapid successionthanispossibleinimmediatemode. Scriptsareal souseful inthat they
can provideamoreautonomoustesting mechanism- onewhichdoesnot rely on constant interactionwiththe
testhost.

TheRootScript programlanguageincorporatesthenormal set of Root 2commands, plusadditional
RootScript commandswhichareavailableonly inRootScript programs. SomeRootScript commandsare
relatedtothedefinition of thescriptitself (e.g., programstart and end commands) and someareincludedto
provides mpleprogramflow control suchasbranchingand conditional execution.

A RootScript programisloadedinto the Root 2 asasequence of Root 2 and RootScript commands
framed betweenaProgramcommandandanRS_End command. Onceloaded, programexecutionisinitiated
by aRuncommand. EachcommandinaRootScriptisassigned anindex, or linenumber, based ontheorder of
thecommandsinthescript. Thefirstcommandinthescriptisindex #0, thesecond Index #1, etc.

Unlikenormal Root 2commands, which may beused either inimmediatemodeor inaRootScript,
RootScript commandsarenot validinimmediatemode- they may beused only inaRootScript.

Likenormal Root 2commands, RootScript commandsareframed between <SOP> and <EOP> mark-
ers, and consist of al-bytecommand I D followed, if necessary, by parameters. A RootScript programmay
consist of upto 512K commands, notincluding the Program command, butincludingRS_End. Inaddition, a
RootScriptislimited by thememory availableinRoot 2. A total of 4Mbytesisallocated for RootScript storage
inRoot 2. Tosummarize, aRootScript may not exceed 524,288 indices, includingRS_END, or 4Mbytesin
total Size.

5.1Program Command

Programisanimmediate-modecommand usedtoinitiatel oading of anew scriptinto Root 2. Recei pt of
theProgram commandwill causeany script currently existingin Root 2memory tobeerased, andwill place
Root 2in"programload" mode. Theformat of theProgram commandis:

<SOP><CMD_Program><EOP>

<CMD_Program>isthecommandID, 0x0C

TheRoot 2will respondwith:
<SOP><RESP_Program><EOP>

<RESP_Program>istheresponselD, 0x8C

OnceaProgram command hasbeenreceived and acknowledged by Root 2, all subsequent commands
receivedfromthehost controller will becons dered part of thenewly defined script, until eitheranRS_End
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commandisencountered, or anew Program commandisreceived. Eachcommand, asitisreceived, ischecked
for syntax, assigned anindex, and stored. Each script commandisacknowledged asitisreceived, asfollows:
<SOP><RESP_Script><ldx><Command_ID><EOP>

<RESP_Script>isal oad-acknowledgebyteof valueOxAO.

<Command_ID>isthecommand byteof theacknowledged command. For instance, if thescript
command being acknowledgedisaDevTranscommand, then<Command_ID>will be
CMD_DevTrans.

<ldx>isal6-bit valueindicatingtheindex at whichthecommandisloaded, and will increment by 1 for
each subsequent commandinthescript.

If anew Program commandisreceivedpriortoanRS_End, thescriptinprocessof beingloadedwill be
erased, andrecordingwill beingagainatindexO.

Commandsarecheckedduring scriptloading. If acommand error isencountered during program|oad,
Root 2will respondtotheoffendingcommandwithRESP_CmdError, rather thanaRESP_Script. If the
program bei ng loaded exceedsthe Root Script programlimit of 2000 commands, or if thescript being loaded
exceedstheavailableprogrammemory inRoot 2 (approximately 180K bytes), Root 2will respondwitha
RESP_ScriptOvfl responsecode, 0x97. OnceaCommand Error or Script Overflow hasbeen generated during
aprogramload, Root 2will respondtoall commandswithRESP_CmdError until eitheranRS_Endisencoun-
tered or until anew Program commandisrecei ved. Any command error encountered during ascript download
will resultinnovalid scriptbeingavail ablefor execution.

A very ssimpleRootScript |oading sequence, includingtheProgramand RS_End commands, isshown

below. Root 2 responsesareindicatedincolor.

<SOP><CMD_Program><EOP>
<SOP><RESP_Program><EOP>
<SOP><CMD_VCC><0x64><EOP>
<SOP><RESP_Script><0x0000><CMD_VCC><EOP>
<SOP><CMD_Power><0x01><EOP>
<SOP><RESP_Script><0x0001><CMD_Power><EOP>
<SOP><RS_End><EOP>
<SOP><RESP_Script><0x0002><RS_End><EOP>

When executed, thisRootScript would causetheroot port V ccto be set to 5.00V, and root port Vbus
power to be switched ON.

Any RootScript command (program-modecommand) recei ved by Root 2whennotin program-load
modewill elicitaCommand Error response.

5.2RS End

TheRS_Endcommandterminatesthe” programload" mode, completing theload of aRootScriptinto
Root2memory. Theformat of theRS_End commandis:
<SOP><RS End><EOP>

<RS End>isthecommandID, 0x21.
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If Root 2isinprogrammode, it will respondwiththeacknowledge:
<SOP><RESP_L cad><RS End><EOP>

By definition, itispossibletohaveonly oneRS_Endcommandinascript.

5.3Run

Onceascript hasbeenloadedinto Root 2, it may beinvoked by theRun command. Runisanimmediate
modecommand; itisnot part of thescriptitself, and can beissued any timeafter ascript hasbeen successfully
loaded. Theformat of thiscommandis:

<SOP><CMD_Run><EOP>

<CMD_Run>isthecommandID, 0x0OD.

Beforebeginningexecution of thescript, theRoot 2will respondtotheRuncommand asfollows:
<SOP><RESP_Run><EOP>

<RESP_Run>istheresponselD, 0x8D.
If noscriptiscurrently loaded, theRuncommandwill returnaCommand Error response.

Onceascript hasbegunexecution, itwill executeeither tocompletion (RS_End) or until itisterminated by
another commandfromthetesthost. ANY trafficreceivedfromtheController during script executionwill
terminatethescriptimmediately.

5.4Responsesduring Script Execution

Root 2 providestwo modesof responsehandling during script execution: Full-Responsemodeand Qui et
mode. InFull-Responsemode, each Root 2command executed aspart of thescript will returnitsnormal
responseover theserial porttothetest controller, prependedwithaRESP_Script byteand theprogramindex.
Inaddition, encounteringanRS_End commandwill causetheRoot 2to generateascript termination message
consisting of theRESP_Script byte, theprogramindex, theRESP_Endbyteandaterminationindex. The
terminationindex istheindex of thelast instructionexecuted prior totheRS_End. For exampl e, execution of the

samplescriptinsection5.1wouldresultinthefollowing messagesbeing generatedin Full Responsemode:
<SOP><RESP_Script><0x0000><RESP_VCC><EOP>
<SOP><RESP_Script><0x0001><RESP_Power><EOP>
<SOP><RESP_Script><0x0002><RESP_End><0x0001><EOP>

<RESP_Script>isthescript-responsel D byte(0xAO0), indicating that themessagei sascript-command
response. Theindex wordsindicatetheprogramindex associated withthecommand that generatedthere-
sponse. ByteRESP_End, valueOxA 1, indicatesexecutionof theRS_End command, after whichRoot 2is
returnedtoimmediatemode.

In Quiet mode, all responsesassoci ated with Root 2commandsexecuted aspart of thescript will be
suppressed, withtheexceptionof RS Messageand RESP_Endresponses. Execution of thesamplescriptin
section 3.1runningin Quiet modewouldresultinonly aRESP_Endresponse, withtheV CC and Power
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responsesbei ng suppressed. Theadvantageto quiet modeisthat isgreatly reducestheamount of trafficwhich
thehost controller must handle. Inaddition, athoughtheRoot 2 buffersitsserial transmit data, evenasimple
script executing at high speed can generateasubstantial amount of responsetraffic, most of whichthehost
controller doesnot requireaccessto, andthistrafficwill eventual ly impact theexecution speed of thescript. The
terminationindex intheRESP_Endresponsecanbeuseful inquiet modeasanindication of whichcodepath
ledtoscripttermination.

Notethat only normal Root 2commandsandtheRS End commandsgenerateexecutionresponses, even
infull-responsemode. RootScript commands(withtheexceptionof RS EndandRS M essage) do not gener-
ateresponses.

5.4.1 ResponseM ode Command

Theresponsemodeduring scri pt executi onisdetermined us ng the ResponseM odecommand. Theformat
of thiscommandisasfollows:
<SOP><RS Response><Mode><EOP>

<RS Response>istheRootScript ResponseM odecommand D, 0x22.

<Mode>isal-byteparameter = 0for Full Response modeor =1 for Quiet mode.

AsaRootScript command, ResponseM odeisnot availableinimmediatemode. TheRS_Runcommand
setstheresponsemodeto Quiet, soit must beexplicitly changed usingaResponseM odecommandif Full
Responseexecutionisdesired. Theresponsemodemay bemodified dynamically, switching betweenquiet
modeor full-responsemodeasnecessary toreport tothetest controller only that informationwhichisdesired
by thescriptwriter.

5.5Conditionsand Flow Control

RootScript providesaset of commandsrel atingto programflow control andtheeval uation of certain
conditionswhichmay beused by thescript writer to control programflow. Programflowiscontrolled by
allowingthescripttotransfer executioncontrol toanew executionindex, either explicitly asinthecaseof a
Goto, orimplicitly asinthecaseof Return. ProgramindexesareawaysrepresentedinRootScriptsas2-byte
valuesstored most-significant bytefirst (big-endien). Thesecommandsaredescribedinthefoll owing sections.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

Triginl | Trigino

Figure5-1 RS _Check <Inits> Byte
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55.1RS_GotoCommand

TheRS_Gotocommandisthes mplest mechanismavailablein RootScript tochangeprogramflow,
allowing programcontrol to betransferredtoanew programindex. Theformat of thecommandis:
<SOP><RS_Goto><Idx><EOP>

<RS_Goto>isthecommandID, 0x23.

<ldx>isthel6-bitindex towhichcontrol istobetransferred.

Anindex valuewhichisoutsidethescopeof thescript (i.e., greater thantheindex of theRS_End com-
mand) will causecontrol totransfer toRS_End. Inorder to provideasimplemechanismfor thescript writer to
indicate"gotoend", index OXFFFFisreserved asaforced end-of -script. Thatis,"RS_Goto OxFFFF" will
alwaysterminatethescript. Notethat theindex isrepresented M SBfirst, soanRS_Gotoindex 0x0002would
berepresentedas:

<SOP><RS_Goto><0x0><0x2><EOP>

5.5.2RS _If Command

TheRS _If commandisusedtoconditionally transfer program control toanew programindexif acertain
conditionisfoundtobetrue. TheconditionsuponwhichRS _If canoperatearegiveninTable3-1. Thescope
of RS _Ifislimitedtothemost-recently completed USB transaction. Theformat of thecommandis:

<SOP><RS |f><Cond><Idx><EOP>

<RS If>isthecommandID, 0x24.

<ldx>isthe16-bitindex towhichcontrol will conditionally betransferred.

LikeRS_Goto, RS _If identifiesindex OxFFFFasadefault"end-of-script” index. <Cond>isaone-byte
parameter indicatingtheconditiontobechecked. Valid<Cond>valuesarethoselistedin Table 3- 1.

5.5.3RS _Check and RS Cond

TheRS_Check commandisusedtotransfer program control toanew index depending sel ected condi-
tions. TheconditionsuponwhichRS_Check dependsareprogrammedindividually by theRS Condcommand.

CommandRS_Condisusedtoset aprogramindex whichwill beassociated with each of thepossible
conditions, andtowhich control will betransferred uponexecutionof theRS_Check commandif thecondition
istrue. Onceanindexissetby RS Condfor agivencondition, theindex will not changeunlessanew
RS_Condcommandisissuedfor that condition. Theformat of theRS_Condcommandis:

<SOP><RS_Cond><Cond><ldx><State><EOP>

<RS_Cond>isthecommandID, 0x25.

<ldx>isthe16-bit programindex towhichcontrol will bepassedby RS Checkif theconditionistrue.
Again, aprogramindex of OXFFFFi sused asdefault end-of -script.

<Cond>isthecondition 1-bytel D, asshownbel ow:
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<Cond> Condition

0 Connect

1 Disconnect

2 <Not Used>

3 Resume

4 Triggerln0

5 Triggerinl

6 TimerTimeout

7 BlockTransComplete

<State>isal-bytevalue=1toenablethecondition, or =Otodisableit. If theconditionisbeingdis-
abled, thevalueof <idx>isunimportant. All conditionsdefaulttothe OFF stateupon execution
of RS Run.

WhentheRS_Check commandisexecuted, it poll stheenabl ed conditionsuntil oneof themisfoundtobe
true, atwhichtimecontrol istransferredtotheassociated index. Notethat executionof anRS _Check com-
mandwithnoconditionsenabledwill causeRS Check towaitindefinitely. Theconditionsarepolled by
RS _Checkintheorderthey arelistedintheabovetabl e, so an enabled Connect conditionwill takeprecedence
over anenabled Timer Timeout, forinstance.

Theformat of theRS_Check commandis:
<SOP><RS Check><Inits><EOP>

<RS Check>isthecommand D byte, 0x26. <Inits>isaone-byteval uewhichindicateswhether or not
certainlatched conditionsshould becleared prior toexecutionof RS _Check. Thebitsof <Inits> correspondto
theRS_Condconditionslisted above (Seefigure5-1), however only the TriggerInO, TriggerOutOand SOF
conditionsarelatched conditions, soonly theseconditionsareaffected by the<Inits> byte. If forinstance, a
TriggerlnOhasbeenlatched by theRoot 2 prior totheexecutionof RS _Check, anditsassociated bitinthe
<Inits>byteisset, thelatched TriggerInOconditionwill becleared prior toexecutionof RS_Check - so
RS_Checkwill waitforthenext TriggerInOtransition beforesucceedingfor TriggerInO. If aTriggerInOcondition
has beenlatched butisnot cleared by <Inits>, RS _Check will succeedfor TriggerinOimmediately.

Inaddition, eachtimeRS_Check succeedsonalatched condition (SOF, TriggerlnOor Triggerinl) the
conditioniscleared. Twosubsequent RS _Check'sfor SOF, for instance, would imposeadel ay of one SOF
timebetweendetections. Likewise, two subsequent RS _Check'sfor TriggerlnOwouldrequiretwotransitionsof
thetrigger linetotraverse.

55.4RS Timer

TheRS_Timer commandisusedto set acounter whichisdecremented by theRoot 2's1mS-tick timer.
Uponreaching 0, thecounter will createatimer timeout conditionwhichmay beusedby RS Condand
RS_Check. Oncethecounter reachesitstimeout condition, itwill remainat Ountil reloaded by theRS_Timer
command. Theformat of thiscommandis:

<SOP><RS Timer><Count><EOP>

<RS Timer>isthecommandID byte, 0x27.
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<Count>isa32-bitvaluewhichwill beloadedintothetimeout counter. <Count> i srepresented most
sgnificantbytefirst (bigendian).

L oadingthetimer withaOwill resultinatimeout conditionbeing True. Notethat, as<Count>isa32-bit
value, extremely long timeout periods, ontheorder of 50 days, canbegenerated.

5.5.5RS Calland RS Return

RS _CallandRS_Returntogether providecall returnfunctionality inRootScript. RS _Call pushestheindex
of thecommandimmediately followingit ontoaprogramstack, thentransfersprogram control tothespecified
index. Theformat of thiscommandis:

<SOP><RS_CdI><ldx><EOP>

<RS Cadl>isthecommandID, 0x29.

<ldx>isthe16-bitindex towhichcontrol istobetransferred. Anindex valuewhichisoutsidethe
scopeof thescript (i.e., greater thantheindex of theRS _End command) will causecontrol to
transfertoRS_End.

Executionof anRS_Returncommand causesthelast index pushed onto the program stack to be popped,
and control to betransferredtothat index. Theformat of thecommandis:
<SOP><RS Return><EOP>

<RS Return>isthecommandID, Ox2A.

RootScript providesamaximum stack depth of 256 calls. Intheevent that thestack isoverflowed (the
number of RS_Callsexceedsthenumber of RS_Returnsby morethan 256 at any giventime) or underflowed
(moreRS_ReturnsthanRS_Callsareexecuted), thescriptwill terminateimmediately at RS _End. Thetermina-
tionindexwill pointtotheRS_Call commandwhich causedtheoverflow, ortheRS_Returncommandwhich
causedtheunderflow.

5.6 RS Message

TheRS_Messagecommandforcesaresponsetothetest controller, regardlessof theresponsemode. The
format of theRS_Messagecommandis:
<SOP><RS Message><data><EOP>

<RS_ Message>isthecommandID, 0x28. <data>isadatastring of 0to 63 binary byteswhichwill be
includedintheforcedresponse. Theformat of theRS M essageforcedresponseis:
<SOP><RESP_Script><Idx><RESP_Message><Timer><data><EOP>

<RESP_Script>isthenormal script-responsel D byte.
<ldx>istheindex of theRS_M essagecommand responsi blefor themessage.
<RESP_Message>isanRS _MessagelD byte, OxA8.

<Timer>isa32-bit val ueindicatingtheremaining countinthetimeout counter.
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<data>isthedataprogrammedwiththeRS M essagecommand.
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6. Script Management

Scriptsarenormally loadedinto RAM ontheRoot 2 using the Program command, and executed directly
fromRAM usingthe Runcommand. Root 2 offerstheoption, however, toload ascriptintoonboard Flash
memory, and enabl ethat script to beexecuted after power up rather thanenteringlmmediateMode. Thisis
referredtoasa’default script”. Thedefault scriptisloadedinto Root 2RAM inthenormal fashion, usingthe
Program command. Oncethescriptissuccessfully loaded, it canbeburnedinto Flash using the Flash com-
mand. TheFlashcommand can al so beused to enableand di sabl ethedefault script, without removingitfrom
Flash, andto determinethestatusof thedefault script.

6.1 TheDefault Script

If adefault scriptispresentinFlash, andisenabled, Root 2will, after power upinitialization,loadthe
default scriptintoRAM and executeit. I f thescript terminates, or if any trafficisreceived ontheseria port,
Root 2will abort thescript and returnto mmediate M ode operation. Duetheamount of available Flashin Root
2,thesizeof thedefaul scriptislimitedto 65,536 commandsor 1.3Mbytestotal size.

6.2 TheFlash Command

TheFlashcommandisandimmediate mode command used to managetheprogramming and statusof the
default script. Italowsthescript tobewrittento Flash, allowsit tobeenabled or disabled, and allowsitsstatus
tobequeried. Theformat of theFlashcommandis:

<SOP><CMD_Flash><Script_|D><Action>{ <Name>} <EOP>

<CMD_Flash>istheFlashcommandID, Ox31.
<Script_ID>isthescriptidentifier. Theonly validval ueisO, indicating thedefault script.

<Action>indicatestheactiontobetakenby theFlashcommand. Valid Actionsare:
O DisableScript
1 EnableScript
2 BurnscriptinRAM
3 Returnstatusof Script

<Name>ispresentonly if <Action>=2. <Name>must beexactly 8 bytesinlengthand, whileit may
containany value, itistypically usedtoholdan ASCII descriptionof thedefault script.

TheF ash-Enable, Flash-Disableand Flash-Burncommands, if successful, returnthefollowing:
<SOP><RESP_Flash><EOP>

<RESP_Flash>istheFlashcommandresponsecode, 0xB1.

If thereisnodefault script programmed, the Fl ash-Enabl eand Flash-Di sablecommandshaveno effect,
andaCommand Error eventisreturned.
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Inorder for aFlash-Burn command to besuccessful, ascript must havebeenloadedinto Root 2RAM
usingtheProgram command. Inaddition, thescript must fitintheFlashmemory areaavail ablefor default script
storage (approximately 160K bytes). If either of theseconditionsisnot met, aCommand Error eventisreturned.

TheHash-Statuscommandreturnsthefollowing:
<SOP><RESP_HFash><Status>{ <Name>} <EOP>

<RESP_Flash>istheFlashcommandresponsecode, 0xB1.

<Status>isabyteindicatingthestatusof thedefault script, asfollows:
0: Default Script Disabled
1: Default Script Enabled
OxFF: Default Script Undefined

A statusof Disabledindicatesthat ascriptisprogrammedinto Flash, butiscurrently disabled, versusa
statusof Undefined, whichindicatesthat nodefault scriptisprogrammedin Flash.

<Name>isreturnedonly if <Status>is=0or 1, and containsthe 8-byteNamefieldwhichwaspro-
grammedwiththescript.
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