SECTION 2ACCESS.bus__________________________________________________________Base Protocol Specification

TABLE OF CONTENTSAbstract............................................................................................................................ 2 - 1 2.0 ACCESS.bus Protocol................................................................................................ 2 - 2 2.1 General Description.............................................................................................. 2 - 2 2.2 Message Format...................................................................................................... 2 - 2 2.3 Standard ACCESS.bus Protocol Messages............................................................ 2 - 3 2.4 Addressing.............................................................................................................. 2 - 4 2.5 Identification.......................................................................................................... 2 - 5 2.5.1 Random versus Serial Device Numbers.......................................................... 2 - 6 2.6 Capabilities Information...................................................................................... 2 - 6 2.6.1 Capabilities String Syntax and Semantics...................................................... 2 - 7 2.6.2 Standard Capabilities and Conventions.......................................................... 2 - 8 2.7 Configuration Process.......................................................................................... 2 - 9 2.7.1 Power-up/Reset Phase....................................................................................... 2 - 9 2.7.2 Identification Phase........................................................................................... 2 - 9 2.7.3 Capabilities Phase............................................................................................... 2-102.7.4 Normal Operation................................................................................................ 2-102.8 Timing Rules........................................................................................................... 2-102.8.1 Bus Timing........................................................................................................... 2-102.8.2 Response Timing................................................................................................. 2-112.9 Exception Handling............................................................................................... 2-112.10 Detailed Command/Message Descriptions........................................................ 2-122.10.1 Command Coding............................................................................................... 2-122.10.2 Device Data Stream Message........................................................................... 2-132.10.3 Device Defined Control/Status (C/S) Messages............................................ 2-142.10.4 Pre-defined C/S Messages, Interface Part................................................... 2-142.10.4.1 Reset................................................................................................................. 2-142.10.4.2 Attention......................................................................................................... 2-152.10.4.3 Identification Request.................................................................................. 2-162.10.4.4 Identification Reply...................................................................................... 2-162.10.4.5 Assign Address............................................................................................... 2-172.10.4.6 Capabilities Request...................................................................................... 2-172.10.4.7 Capabilities Reply.......................................................................................... 2-182.10.4.8 Interface Error.............................................................................................. 2-192.10.4.9 Resource Request (Optional)....................................................................... 2-192.10.4.10 Resource Grant (Optional)......................................................................... 2-192.10.4.11 Vendor Reserved Commands (Optional, Interface Part)...................... 2-202.10.5 Pre-defined C/S Messages, Application Part............................................... 2-212.10.5.1 Application Hardware Signal...................................................................... 2-212.10.5.2 Application Test............................................................................................. 2-222.10.5.3 Application Test Reply.................................................................................. 2-22APPENDIX A................................................................................................................... 2-24

ACCESS.bus Base Protocol Specification V2.02 - 1 ABSTRACTACCESS.bus provides a simple, uniform way to link a local computer to fourteen ormore low-speed I/O devices such as keyboards, mouse, tablet, and 3-D tracker.ACCESS.bus features a one-hundred kilobits per second maximum data rate, hardwarearbitration, dynamic reconfiguration, a mature capabilities grammar to support genericdevice drivers, and off-the-shelf, low-cost I2C microcontroller technology.This specification is offered as an open interface standard. Published revisions of thisdocument must be approved by the ACCESS.bus Industry Group.

ACCESS.bus Base Protocol Specification V2.02 - 2 2.0 ACCESS.bus Protocol2.1 General DescriptionEvery device on the bus must be a microcontroller with I2C interface and behave aseither a master transmitter or a slave receiver, exclusively, as defined in the I2CSpecification. I2C allows for master receiver and slave transmitter, but thesemodes are not used by the ACCESS.bus protocol.The computer microcontroller acts as an interface converter and FIFO. Itsprimary job is to remove I2C specific burden from the device driver as well as totake care of the computer I2C address and checksum generation/checking. Thecomputer microcontroller’s secondary task is to monitor the "Hardware Signal"family of commands. When it receives one of these commands it asserts a signalin addition to passing the message to the computer. These signals providehardware attention, reset, and halt capability from a standard keyboard.A message transmits information between a device and the computer or betweenthe computer and one or more devices. There is one exception: a device mayattempt to reset other devices assigned to the same address by sending a Resetmessage to itself.Initially, all devices respond to a default power up address. During theconfiguration process the computer assigns a unique address to every device on thebus. ACCESS.bus supports multiple like devices without switches or jumpers.The bus supports dynamic reconfiguration while the system is operating.Connecting new devices shall not require powering down or rebooting the systembefore the new devices can be used ("hot plugging" shall be permitted).2.2 Message FormatACCESS.bus messages have the following format:Figure 2.1: ACCESS.bus Message FormatDestination addressSource addressProtocol flag, length(number of data bytes, 0-127)0 to 127 data bytes 7 6 5 4 3 2 1 0 00Pdestaddrsrcaddrlengthbodychecksumlength + 41234Byte NumberBit Number......MSBLSB

ACCESS.bus Base Protocol Specification V2.02 - 3 Messages are either Device Data Stream (P=0) or control/status (P=1), as indicatedby the protocol (P) flag. The minimum length of a message shall be four bytes. Themaximum theoretical length of a message is 131 bytes (127 data bytes and fourbytes for overhead); the maximum practical length is constrained by thetransmission speed and the maximum time a device may hold the bus as master(see Timing Rules).The message checksum shall be computed as the logical XOR of all previous bytes,including the message address. The checksum shall be computed such that thelogical XOR of all previous bytes is equal to zero (0). A device or the computer shallonly execute commands with a valid checksum.ACCESS.bus data follows Big Endian bit order as defined by the I2C specification.The most significant bits are always sent first.The standard byte order for multibyte integers is Big Endian.Figure 2.2: ACCESS.bus Message ExampleS6EA50A81AAAF14EPWhere:SI2C START signal6Edestination address (device default)Aacknowledge pulse from receiver50source address (computer)81Control/Status length 1F1Identification Request4EChecksumPI2C STOP signal2.3 Standard ACCESS.bus Protocol MessagesThe ACCESS.bus protocol defines eight required interface messages that aresummarized below. Parameters defined within the body of the message are listedin parenthesis.

ACCESS.bus Base Protocol Specification V2.02 - 4 ______________________________________________________________________________________Table 2.1: Protocol Messages______________________________________________________________________________________ Computer-to-device MessagesPurposeReset() Force device to power-up state and defaultI2C address.Identification Request()Ask device for its "identification string."Assign Address(ID strng, new addr)Tell device with matching "identificationstring" to change its address to "newaddress."Capabilities Request(offset)Ask device to send the fragment of its capabilities information that starts at"offset."______________________________________________________________________________________Device-to-computer Messages______________________________________________________________________________________Attention(status) Inform computer that a device hasfinished its power-up/reset test andneeds to be configured; "status" shall be thetest result.Identification Reply(ID string)Reply to Identification Request withdevice’s unique "identification string."Capabilities Reply(offset, data frag)Reply to Capabilities Request with "datafragment," a fragment of the device’scapabilities string; the computer uses"offset" to reassemble fragments.Interface Error () Invalid checksum or premature end of message detected______________________________________________________________________________________2.4 AddressingACCESS.bus addresses follow the I2C address format defined in the I2Cspecification. The seven most significant bits form a seven bit address (A7-A1), theLSB shall always be zero (0) indicating a master transmitter or write operation.Note: Ten bit addresses are not permitted.

ACCESS.bus Base Protocol Specification V2.02 - 5 Figure 2.3 I2C Address Format MSBLSBA7A6A5A4A3A2A1A0Seven bit addressR/W bitThe following addresses are allocated for the ACCESS.bus (even numbers only):50hhost computer address6Ehpower up default address for all devices52-6Chfourteen assign able device addressesThese addresses are reserved by Philips for microcontroller addressing, to preventpossible conflict with other I2C components (for example: RAM, ROM, PLLs). AnACCESS.bus computer implementation must support the fourteen assignable deviceaddresses noted above. A computer may assign devices to I2C addresses outsidethis range after first insuring that these addresses are not in use by otherequipment. Once assigned, these addresses must be treated the same as standardperipheral operating addresses.The computer address shall never be changed unless the computer wants tosimulate a device. This feature may be useful for debugging.At power up or after a reset command, devices will respond to the default address(6Eh). No user data such as keystrokes or locator movement reports will betransmitted at the default address.ACCESS.bus devices are not required to respond to the I2C General Call address.The least significant bit of the source address field which is not used foraddressing (indicates R/W in destination address) is reserved for future protocolextension. Conforming devices shall transmit this bit as zero and ignore receivedmessages in which this bit is one until such extensions, if any, are defined.2.5 IdentificationACCESS.bus is a bus-topology network that uses unique identification strings todistinguish devices. These strings are structured as follows:protocol revision:1 byte ("A")module revision:7 bytes (e.g., "V1.0 ")vendor name:8 bytes (e.g., "DEC ")module name:8 bytes (e.g., "LK501 ")device number:32-bit signed integerThe protocol revision shall be a single byte used to identify the protocolimplementation to the computer. This specification defines protocol revision "A"(41h). Any new protocol revisions shall be approved by the ACCESS.bus IndustryGroup.

ACCESS.bus Base Protocol Specification V2.02 - 6 The module revision, vendor name, and module name strings are left justifiedASCII character strings padded with spaces. The content of these fields shall bedetermined by the device vendor.The device number string shall be a 32-bit two’s complement signed integer andmay be either a random number (if negative) or a unique serial number (ifpositive).It is important to note that the host software should never attempt to recognize adevice based on the hardware ID string. Host software should always rely on thecapabilities string fields for device identification.2.5.1 Random versus Serial Device NumbersInteractive devices may use either a random number or a (fixed) serialnumber in their Identification Reply messages. Unique serial numbers aremore expensive to implement, but allow device identification and usage to beremembered between sessions when the system has been turned off or devicehot plugged.Non-interactive devices must use a (fixed) serial number since they cannotbe distinguished by when they are first manipulated by the user.The purpose of the 32-bit device number is to distinguish otherwise likedevices with the same firmware. To aide ACCESS.bus management software,serial numbers are reported as positive (2’s complement integers), whilerandom numbers are always reported as negative.If a pseudo random number is used in the Identification Reply message, itmust be produced in a way that will help distinguish like devices.Guideline: The number of clock cycles since power on at the time acommand is received may be used as a pseudo random number. The naturaldispersion of resonator frequencies is usually sufficient to separate otherwiseidentical devices.A new pseudo random number must be generated if a reset command isreceived. The pseudo random number shall not change between identifyreports unless an intervening power-up or reset command occurs.2.6 Capabilities InformationDevice capabilities is the set of information that describes the functionalcharacteristics of an ACCESS.bus peripheral. The purpose of capabilitiesinformation is to allow software to recognize and use the features of bus deviceswithout prior knowledge of their particular implementation. By having locatordevices report their resolution, for example, generic software can be written tosupport a range of device resolutions. Capabilities information provides a level ofdevice independence and modularity.The structure of capabilities information is designed to be simple and compact forefficiency, but also extensible to support new devices without requiring changes toexisting software or peripherals. These objectives are supported by making thestructure hierarchical and representing capabilities information in a form thatapplications (and humans) can use directly. The capabilities information shall be

ACCESS.bus Base Protocol Specification V2.02 - 7 an ASCII string constructed from a simple, readable grammar. The capabilitiesstring for a locator might read as follows:(prot(locator)type(mouse)model(VSXXX-AA)buttons(1(L)2(R)3(M))dim(2) rel res(200 inch) range(-127 127)d0(dname(X))d1(dname(Y)))Capabilities information shall be static. The information shall describe thepotential operating modes and characteristics of a device. From the point of view ofan ACCESS.bus peripheral, capabilities information can simply be a string ofbytes which is transferred to the computer via the Capabilities Request andCapabilities Reply commands.Capabilities information must always be sent in the following order:prot()type()model()These elements must always be the first three items in the capabilities string andthey must occur within the first sixty-four (64) characters.2.6.1 Capabilities String Syntax and SemanticsCapabilities information shall be an ASCII string constructed from thesimple grammar as follows.1. The terminal symbols of the grammar are STRING, TAG, WS, ’(’, and’ ) ’ . 2. WS is a sequence of one or more white space characters: SPACE, TAB,RETURN or LF.3. A STRING is a sequence of one or more non-white space characters. AllCapabilities data shall be represented as STRING: integers (123), floats(+3.0e8), strings (keyboard). Special characters may be included inSTRINGs by escaping them as \xHH where HH represents twohexadecimal digits. SPACE, TAB, RETURN, LF, ’(’, ’)’, and ’\’ arespecial characters and must be escaped as \HH to include them inSTRINGs.4. A TAG is a STRING which is immediately followed by a ’(’.5. ’(’ and ’)’ are open and close parenthesis used for grouping.The grammar allows STRINGs to be formed into lists separated by whitespace, lists with tagged elements, and nested lists according to the followingrules (BNF).Capabilities ::= ( cap string )cap string ::= STRING

ACCESS.bus Base Protocol Specification V2.02 - 8 cap string ::= cap string WS cap stringcap string ::= TAG cap string ) cap string ::= TAG cap string ) cap stringNotes:1. All 8-bits of characters are significant. This is to allow 8-bit multinationalcharacter sets such as ISO Latin-1 to be used.2. Keyword comparisons are not case sensitive.3. Capabilities are hierarchical. The meaning of a keyword within a taggedlist depends on the tagged list in which it appears.2.6.2 Standard Capabilities and ConventionsCertain keywords appearing at the top level of a capabilities string aredefined to have standard meanings within the ACCESS.bus protocol asfollows:Keyword Meaning------- -------prot() The "prot()" entry identifies the generic protocol ordevice type to system software. prot() is the devicedriver’s view of a device. prot() defines thebehavior of a device in terms of commands andresponses in addition to those defined in the BaseProtocol.prot(keyb)generic keyboardprot(locator)generic locatorprot(text)generic textprot(joystick)generic joysticktype()The "type()" entry is intended to identify the devicetype to the user in a recognizable form. type() is auser’s view of a device. That is, a joystick, mouse,or whatever.type(keyboard)type(mouse)type(tablet)type(trackball)type(barcode)model()The "model()" entry is provided to present the fullmodel name to the user if different from themodule name. The "model()" entry is optional.The following capability usage convention is recommended to maximizecompatibility between hardware and software from different vendors.Tags used as keywords to identify device features should beno more than eight characters in length (only the first eightcharacters are significant). Characters A-Z, a-z, and 0-9 areassumed to be handled transparently on all systems.

ACCESS.bus Base Protocol Specification V2.02 - 9 Figure 2.4: Keyswitch WordMSBLSBMRLKeyswitch wordThe first bit of the first byte transmitted3. Device features or events that are represented by bit positions should benumbered sequentially starting with "1" for the least significant bit. Forexample, locator buttons within a 16 bit keyswitch word might be identifiedas "buttons(1(L)2(R)3(M))".4. Features controlled by a numeric value parameter can be described by thefeature name as a tag followed by the parameter range. If the range isfrom zero to maximum, the zero minimum value can be omitted. Keyclickvolume ranging from 0 (off) to 7 (maximum) can be described as"click(7)" for example. It is suggested that these values not be normalized.By not normalizing it is possible to preserve the full resolution of thedevice, thus allowing the computer to determine the smallest meaningfulvolume increment.Specific additional capabilities are defined in generic device protocolspecifications. Generic specifications for keyboards, locators, and textdevices have been developed to date.2.7 Configuration ProcessThe configuration process shall be used to detect the devices that are present on thebus, assign each device a unique address, and connect devices to the appropriatesoftware driver. Configuration shall occur at system start-up, or at any time whenthe computer detects the addition or removal of a device.2.7.1 Power-up/Reset PhaseWhen reset or powered-up, a device shall always revert to the default addressand send an Attention message to alert the computer to its presence. Atsystem start-up or reinitialization, the computer shall send a Reset messageto all I2C addresses in the ACCESS.bus device address range (fourteenmessages) to insure that all devices on the bus respond at the power up defaultaddress.If a device is reconfigured by the user, it shall revert to the default addressand send an attention message while keeping the same identification stringand device number.2.7.2 Identification PhaseTo begin address assignment, the computer sends an Identification Requestmessage at the device default address. Every device at this address must then

ACCESS.bus Base Protocol Specification V2.02 - 1 0 respond with an Identification Reply message. As each device sends itsmessage, the I2C arbitration mechanism automatically separates themessages based on the identification strings. The computer can then assignan address to each device by including the matching identification string inthe Assign Address message. A device that receives this message and finds acomplete match with the identification string moves its device address to thenew assigned value. As soon as a device has a unique address, it shall beallowed to send data to the computer.The I2C physical bus protocol allows multiple devices on the bus at the sametime, if those devices are transmitting exactly the same message. In the rareevent that two like devices report the same random number or aremistakenly assigned to the same address, each interactive device transmitsa Reset message to its assigned address immediately prior to sending itsfirst data message after being assigned a new address. The self-addressedReset message forces other devices at the same address back to the power-updefault address, as if they had just been hot-plugged. The message guaranteesthat each device has a unique address, but not until the device is actuallyused. The pseudo random number (or serial number, if available)distinguishes devices at identification time before they are used, allowing thecomputer to inventory which devices are present.2.7.3 Capabilities PhaseAfter assigning a unique address to a device, the computer retrieves thedevice’s capabilities string as a series of fragments using the CapabilitiesRequest and Capabilities Reply messages. The computer then parses thecapabilities string to choose the appropriate application driver for the device.The parsed string shall also be made available to application programsusing the device.2.7.4 Normal OperationDuring normal operation, the computer will periodically request inactivedevices to identify themselves. If a device is found to be missing, or a newdevice appears by sending an Attention message at the default address, thecomputer will send an Identification Request message to each device addresspreviously recorded as in use (up to fourteen messages) to confirm whichdevices are still present. The computer will also send a Reset message toeach device address previously recorded as not in use. The computer thenbegins the address assignment process by sending an Identification messageto the default address and assigning each device that responds to an unuseddevice address.2.8 Timing Rules2.8.1 Bus TimingThe ACCESS.bus is designed primarily for interactive I/O devices. Interactivedevices are defined as those that only generate device data stream bus trafficin response to being manipulated by the user. To insure reasonable interactiveperformance, ACCESS.bus devices and computers must conform to thefollowing rules:

ACCESS.bus Base Protocol Specification V2.02 - 1 1 1. Interactive devices shall not occupy the bus as bus master for more thaneight milliseconds (8ms) at a time. This is to insure other input devices havea chance to update the screen every frame time (16.6ms at 60Hz) which isnecessary for smooth animation. Eight milliseconds (8ms) limits themaximum packet size to eighty characters or less at 100Kbps.Interactive devices must allow at least fifty microseconds (50msec) betweenreleasing bus mastership at the end of a message and requesting to becomebus master again. This is to give other interactive devices a chance to accessthe bus without arbitration. If the bus is not otherwise busy, interactivedevices may utilize 80% or more of the bus bandwidth.ACCESS.bus computers shall conform to this rule for interactive devices.2. Non-interactive devices shall not occupy the bus as bus master for morethan five milliseconds (5ms) at a time. Non-interactive devices must allowat least twelve milliseconds (12ms) between releasing bus mastership at theend of a message and requesting to become bus master again. This is toreduce the possibility of non-interactive devices compromising interactiveperformance. Non-interactive devices are restricted to using no more than30% of the bus bandwidth. Five milliseconds (5ms) limits the maximumpacket size to fifty characters or less at 100Kbps.3. ACCESS.bus interfaces shall not hold SCL low for more than twomilliseconds (2ms). A watchdog timer or other provision shall be made torelease SCL before the two millisecond (2ms) limit is reached.2.8.2 Response TimingTime limits for certain commands to execute are specified so that thecomputer can determine when all the devices present have had sufficienttime to respond (time out). The following limits apply:1. Devices shall complete the Reset command within 250ms. This is believedto be long enough for basic power up self test (from stable power) withoutcausing excessive delays.2. Devices shall respond to all other commands that require a responsewithin forty milliseconds (40ms).3. If a command can be responded to by more than one device, the time limitshall be extended to forty milliseconds (40ms) since the last device thatresponded.2.9 Exception HandlingThe following general requirements and recommendations are defined forhandling I2C and ACCESS.bus exception conditions. Additional requirements maybe defined by the individual device protocol specifications.1. Arbitration Loss - If a device detects that it has lost arbitration, the device shallcease transmitting and try again to become bus master to re-send the message.2. Negative Acknowledge - If a device transmits a byte which is negativelyacknowledged (no receiver, or rejected for some reason), or if the bus times out, the

ACCESS.bus Base Protocol Specification V2.02 - 1 2 device shall abort the transfer immediately by generating a Stop condition. Noretry is required. A small number of retries may be attempted.3. Checksum Error - If a device detects a checksum error in a received message,the message data shall be ignored. It is recommended the device signal anInterface Error to the computer.4. Premature STOP - If a device detects a premature I2C STOP signal before theend of a message is reached, the message data shall be ignored. It is recommendedthe device signal an Interface Error to the computer.5. If the computer receives an Interface Error message from a device, or detects achecksum error or premature I2C STOP condition, it is suggested the computer logthe error and re-issue its most recent request to that device. A large number ofinterface errors may indicate a software error or faulty hardware configuration.In this case, it is suggested the computer notify the user and attempt to restart theconfiguration process.6. Unrecognized Commands and Parameters - If a device receives a commandwith valid checksum but does not recognize the command op-code, the entirecommand shall be ignored. If a device receives a command with valid checksumbut does not recognize the value of a required parameter, the entire command shallbe ignored. If a device receives a command with valid checksum that includesadditional data beyond that expected, it is recommended the additional data beignored, however, the device may execute the command.2.10 Detailed Command/Message Descriptions2.10.1 Command CodingFor the purpose of illustrating message encoding, the following notation isused:P= 1-bit protocol flag:0=Data Stream; 1=control/status messageLLLLLLL= 7-bit length field Encodes values 0-127ddddddd= 7-bit destination I2C addresssssssss= 7-bit source I2C addressxxxxxxx= 6-bit or 7-bit message op-codecccccccc= 8-bit checksumNumeric values are always transmitted MSB first.ACCESS.bus messages are either Device Data Stream (P=0), or Control/Status (P=1). Data Stream messages always refer to the application part of adevice, as opposed to the interface part. The coding of Data Stream messagesis dependent on the device. They are not pre-defined or restricted by theACCESS.bus protocol.Data Stream MsgControl/Status Msgddddddd0ddddddd0sssssss0sssssss0PLLLLLLLP=0PLLLLLLLP=1||

ACCESS.bus Base Protocol Specification V2.02 - 1 3 body[0-127]xxxxxxxxop-code|body[0-126]cccccccc|ccccccccThe first data byte of Control/Status messages (P=1) shall always be an op-code. Control/Status messages may refer to either the application part or theinterface part of a device. Pre-defined Control/Status op-codes (messages) areused to initialize and configure ACCESS.bus devices. A range ofControl/Status op-codes are reserved for private use by devices and will not bepre-defined as part of the ACCESS.bus protocol.The breakdown of ACCESS.bus message types is shown in the followingdiagram:Figure 2.5: ACCESS.bus Message Types BreakdownACCESS.bus MessageControl/StatusDevice Defined Application Part Device DependentPredefined device independentApplication PartInterface PartP=0P=1op-code=0xxxxxxxop-code=1xxxxxxxop-code=11xxxxxxop-code=10xxxxxxData Stream Application Part Device Dependent2.10.2 Device Data Stream MessageThese messages are usually used for the bulk of the device’s data. The intent isthat the most common messages (keypress reports, locator movements, etc.) shouldbe easiest to send and have the lowest overhead. Device Data Stream messages aredistinguished by the Protocol bit being zero. The body of these messages aredefined by the individual device protocol specifications.Devices are not permitted to send this message at the power on Default Address.After a successful Assign Address command, devices shall send a self addressedreset message immediately prior to transmitting user data for the first time (seeSection 2.7 - Configuration Process).

ACCESS.bus Base Protocol Specification V2.02 - 1 4 Three standard device protocols are defined at this time: (1) keyboard (down/upkey transitions); (2) locator device (relative or absolute position, i.e. mouse,tablet,...); (3) text device (ISO Latin-1 text, i.e. card reader). Refer to the appropriatedevice protocol specifications.2.10.3 Device Defined Control/Status (C/S) MessagesOut-of-band control or status information shall be sent with the protocol flag set toone (P=1). Op-codes in the range 00h to 7Fh are reserved for device definedperipheral messages (application part). Refer to the individual device protocolspecifications for details.2.10.4 Pre-defined C/S Messages, Interface PartInterface Part Control/Status messages are used to control the ACCESS.bus itself.2.10.4.1 ResetA Reset message shall be used to instruct the addressed device(s) to reset tothe power up state.Format:ddddddd0sssssss010000001(81h, P=1, length=1)|11110000(F0h, Reset op-code)|ccccccccThis command is intended to be completely equivalent to power on resetincluding changing of device address to the Default Address, power on selftesting, and transmission of an Attention message at the Default Address.Notes:1. The device shall ignore all commands from the computer until it hascompleted power-up processing and transmitted a successful Attentionmessage. This is the only command which may cause a device totemporarily ignore bus messages.2. A device must wait at least eight milliseconds (8ms) after its I2C hardwareis reset before transmitting to insure its I2C hardware has synchronizedwith any message frame in progress.3. The Reset command must be completed within 250ms (excluding the timespent waiting to become bus master).4. Because the ACCESS.bus does not have a General Call or Broadcastaddress, the ACCESS.bus shall be reset by issuing Reset commands to allfourteen standard ACCESS.bus device addresses and any other addressesthat the computer has explicitly assigned.

ACCESS.bus Base Protocol Specification V2.02 - 1 5 2.10.4.2 AttentionAn Attention message shall be sent by a device to the computer. This messagereports the health of the electronics and firmware after power up or reset. Themessage serves two purposes:1. To notify the computer a device needs attention after power up or reset.2. To confirm basic device function during manufacturing.Format:ddddddd0sssssss01LLLLLLL(P=1, length=2-32)|11100000(E0h, Attention op-code)status(0=success, non-zero=failed)data(0-30 bytes)|ccccccccExcept for the Status byte, the body of the Attention message is devicedependent. The remainder of the body may be used for any device-specifictest related or manufacturing information. If possible, failure data should behuman readable since it may be displayed to the user via a dialog box if adevice fails.An Attention message with a status byte of zero shall indicate that the deviceis capable of responding to the other ACCESS.bus commands and of operatingin some useful manner. Further testing, if needed, shall be device-dependentand is left up to the application program or driver.Status not equal to zero indicates that the device has detected some errorcondition that prevents normal operation. After reporting non-zero status, thedevice should attempt to continue testing the error condition for the possibilityit will be corrected. If and when the device detects all such error conditionshave been corrected, the device shall transmit a "successful" Attentionmessage to indicate it is now ready for normal operation just like a devicethat has been hot plugged.For example, if a keyboard detects a key down error during power-up, itshould continue scanning until all keys have been released, and then reportsuccess.Notes:1. This message must be transmitted within 250ms after a reset commandor stable power is applied (excluding time spent waiting to become busmaster).2. A device must wait at least eight milliseconds (8ms) after its I2Chardware is reset before transmitting to insure its I2C hardware hassynchronized with any message frame in progress.3. The device must ignore all commands from the computer until it hascompleted power-up processing and transmitted a successful Attentionmessage. Devices that fail must not respond to any commands.

ACCESS.bus Base Protocol Specification V2.02 - 1 6 4. Because Attention is only generated after power on or reset, it willalways be transmitted at the Default Address. A status equal to zeroshall indicate to the computer that a device is present on the bus andawaiting configuration.5. The computer should take no action to configure or use devices thatreport non-zero status since the device is not capable of normaloperation. The non-zero status is intended for manufacturing testing.During manufacture there is no need to identify which device hasfailed. The bytes following the status byte are used for manufacturingtest information.2.10.4.3 Identification RequestAn Identification Request message shall instruct the addressed device(s) tosend a complete identification report (see Section 2.10.4.4 - IdentificationReply ).Format:ddddddd0sssssss010000001(81h, P=1, length=1)|11110001 (F1h, Identification Request op-code)|ccccccccThe Identification Request message will: (1) Cause all devices at the DefaultAddress to send a unique identification string so that the computer canassign each device to a distinct address; (2) Check each device to determineif the device is still connected to the ACCESS.bus and responding at theassigned address.2.10.4.4 Identification ReplyThe Identification Reply message shall be issued by a device in reply to anIdentification Request message. The reply shall consist of a string thatidentifies the device hardware. A four byte pseudo random number (or serialnumber if available) shall be included in order to distinguish like hardwaredevices.Format:ddddddd0sssssss010011101(P=1, length=29)|11100001(E1h, Identification Reply op-code)protocol revison(1 byte, "A")module revision(7 bytes, e.g., "V1.0 ")vendor name(8 bytes, e.g., "DEC ")module name(8 bytes, e.g., "LK501 ")device number(32 bit signed integer)|cccccccc

ACCESS.bus Base Protocol Specification V2.02 - 1 7 The module revision, vendor name, and module name shall be left justifiedASCII strings padded with the space character (20h). See "Random versusSerial Device Numbers" for a description of the device number.2.10.4.5 Assign AddressAn Assign Address message shall be issued by the computer to instruct theaddressed device(s) with matching identification strings to move to thespecified device address.Format:ddddddd0sssssss010011110(P=1, length=30)|11110010(F2h, Assign Address op-code)protocol revison(1 byte, "A")module revision(7 bytes, e.g., "V1.0 ")vendor name(8 bytes, e.g., "DEC ")module name(8 bytes, e.g., "LK501 ")device number(32 bit signed integer)new I2C address(1 byte)|ccccccccWhen a device receives this command and finds a complete match in theprotocol revision, module revision, vendor name, module name, and devicenumber field it moves its address to the new assigned value. If the device issuccessfully assigned a new address, it shall be able to respond to messagesat the new address immediately, that is, on the next valid I2C messageframe.If the identify information does not match that of the receiving device, theentire message shall be ignored.Devices shall not transmit user data while at the Default Address. If theAssign Address is successful, the device shall send a self addressed resetcommand on its new address immediately prior to sending its next datareport. Once a new address is assigned, the device may begin transmitting atthe new address without waiting for the configuration process to complete.2.10.4.6 Capabilities RequestA Capabilities Request message shall be issued by the computer to a device toinstruct the addressed device to reply with a Capabilities Reply. TheCapabilities Reply shall contain data starting at "offset".Format:ddddddd0sssssss010000011(P=1, length=3)|11110011(F3h, Capabilities Request op-code)offset(16-bit unsigned integer)|cccccccc

ACCESS.bus Base Protocol Specification V2.02 - 1 8 The Capabilities Request and Capabilities Reply messages form a protocol fortransferring an arbitrary byte-string from the device to the computer, via aseries of fragments. "Offset" shall be the index (from 0) into this string. Tosimplify the device’s implementation of this protocol, "offset" shall berestricted to three values:"send first" zero, indicating the computer wants to start over at thebeginning;"send again" the offset from the most recently transmitted CapabilitiesRequest, indicating the computer did not receive a response and wants aretransmit;"send next" the offset from the most recently received Capabilities Replyplus the number of bytes in the message fragment. (new offset = old offset +fragment length) (fragment length = message length - 3).With these restrictions the computer can make three requests: start over, sendcurrent, and send next. See Capabilities Reply message for further details.2.10.4.7 Capabilities ReplyA Capabilities Reply shall be used to reply to a Capabilities Request messagewith a fragment of data starting at "offset".Format:ddddddd0sssssss0100LLLLL(P=1, length=3-35)|11100011(E3h, Capabilities Reply op-code)offset(16-bit unsigned integer)data(0-32 bytes)|ccccccccThe protocol is designed to be simple for the device to implement: the devicedesigner is free to allow the device to choose the most convenient fragmentsize from one message to the next.The only state information the device should need to maintain is the currentoffset and length of the most recently transmitted fragment.On receiving a Capabilities Request message, the device shall examine the"offset" field:¥ If equal to zero, the device shall set the current offset to zero andsend the fragment from offset zero (0).¥ If equal to the current offset, the device shall re-send thefragment from the current offset.¥ If equal to the "current offset" + "fragment length", the deviceshall update the current offset (current offset := current offset +

ACCESS.bus Base Protocol Specification V2.02 - 1 9 fragment length) and then look up (or calculates) the nextfragment to send and sends it.¥ If the device has reached end-of-string, it shall send a fragmentwith the next offset but zero data bytes. This will indicate anend of string.¥ Otherwise, the device shall set the "current offset" to zero andsend the fragment from offset 0.2.10.4.8 Interface ErrorAn Interface Error command shall be used to inform the sender that the lastmessage addressed to this device was not received successfully; either achecksum error or premature end of message (I2C STOP condition) wasdetected.Format:ddddddd0sssssss010000001(81h, P=1, length=1)|11100100(E4h, Interface Error op-code)|cccccccc2.10.4.9 Resource Request (Optional)A Resource Request shall be sent by a device to request a resource from thecomputer.Format:ddddddd0sssssss0100xxxxx(P=1, length=n)|11100101(E5h, Resource Request op-code)res code(resource designator)data(optional data)|ccccccccThe following resource codes are supported:1. Request I2C address for private use.Data byte 1, if specified, shall be the desired I2C address.2. Relinquish I2C address.Data byte 1 shall be the I2C address to be relinquished.3. Request time and date.No additional data provided.2.10.4.10 Resource Grant (Optional)

ACCESS.bus Base Protocol Specification V2.02 - 2 0 The Resource Grant command shall be sent by the computer to a device toindicate that a requested resource has been granted to the requesting device.Format:ddddddd0sssssss0100xxxxx(P=1, length=n)|11110100(F4h, Resource Grant op-code)res code(resource designator)status(0=success, 1=unsupported, 2=failed - try again later, 4=failed)data(optional data)|ccccccccThe following resource codes are supported:1. I2C address granted for private use.Data byte 2 shall be the I2C address.2. Response to relinquish I2C address.Data byte 2 shall be the I2C address relinquished.3. Current time and date.Data bytes 2,3 = yearData byte 4 = monthData byte 5 = day of monthData byte 6 = hourData byte 7 = minuteData byte 8 = secondData byte 9 = .01 second2.10.4.11 Vendor Reserved Commands (Optional, Interface Part)A small range of op-codes are reserved for vendors to invoke privatefunctions for testing, alignment, or set-up at manufacturing time. Thesecommands might be used to down load an EEPROM with a serial number forexample. These commands are device dependent and should not be usedduring normal ACCESS.bus operation. If these commands invoke anyprivate modes, it is recommended that such modes be exited by the Resetcommand (op-code F0h).Op-code (hex) FunctionTable 2.2: Vendor Reserved Op-codes and Functions C0Reserved for vendor specific useC1Reserved for vendor specific useC2Reserved for vendor specific useC3Load information to device (NVM)C4Read or report device serial number

ACCESS.bus Base Protocol Specification V2.02 - 2 1 C5Switch to low power modeC6Invoke manufacturing testC7Diagnostic request (like capabilities request)C8Diagnostic reply (like capabilities reply)______________________________________________________________________________________2.10.5 Pre-defined C/S Messages, Application Part2.10.5.1 Application Hardware SignalThe Application Hardware Signal shall be sent by a device to the computer. Itshall be used to instruct the computer I2C controller to generate a highpriority hardware signal.Format:ddddddd0sssssss010000010(P=1, length=2)|10100000(A0h, Application Hardware Signal op-code)sigcode(signal code 1=reset, 2=halt, 3=attention)|ccccccccThe action taken by the computer on receiving this messages shall bedependent on the computer. The intent is that the computer’s I2C controllerphysically interrupt the computer.

ACCESS.bus Base Protocol Specification V2.02 - 2 2 Table 3: Application Hardware Signals NumberName Purpose 1Reset Attempt soft reset of host computer. If noresponse within pre-set time limit, activatehardware reset of host computer 2 Halt Primarily a debugging tool; could cause exit toa ROM debugger 3AttentionGain the attention of the computer______________________________________________________________________________________This command is required on the host computer, but optional for devices.2.10.5.2 Application TestAn Application Test command shall instruct the addressed device to replywith the results of a self-test specific to the device.Format:ddddddd0sssssss010000001(P=1, length=1)|10110001(B1h, Application Test op-code)|ccccccccThis command shall be used by the Application driver to test the ApplicationPart of the device. When the command is issued, the device has already beenconfigured so the basic ACCESS.bus functions are assumed to be working.Unlike power up testing, the device must respond promptly and may notcontinue testing until the test succeeds; the device may not ignore other buscommands while testing; and the testing shall not alter the application state.If no application specific testing is required, it is recommended that thedevice report the previous test results gathered during power up testing.If useful in a particular application, the device may return a new test reporteach time the Application Test command is received. The device’sApplication driver may then issue Application Test commands until thedevice signals success.2.10.5.3 Application Test ReplyAn Application Test Reply shall reply to an Application Test message with aself-test report specific to the device.Format:ddddddd0sssssss0

ACCESS.bus Base Protocol Specification V2.02 - 2 3 1LLLLLLL(P=1, length=2-32)|10100001(A1h, Application Test Reply op-code)status(0=passed, non-zero=failure)body(0-30 bytes of additional test information)|ccccccccThe only restriction on the message is that the first byte of the body (status) bezero if the test succeeded, and non-zero otherwise.The computer may respond to a failed test report by either ignoring themessage (and the device), or printing the body of the message, perhaps in bothhexadecimal and ASCII (if printable).

ACCESS.bus Base Protocol Specification V2.02 - 2 4 APPENDIX ASUMMARY OF STANDARD ACCESS.BUS INTERFACE OP-CODESOp-code (hex) FunctionF0ResetF1Identification RequestF2Assign AddressF3Capabilities RequestE0AttentionE1Identification ReplyE3Capabilities ReplyE4Interface ErrorC0Reserved for vendor specific useC1Reserved for vendor specific useC2Reserved for vendor specific useC3Load information to device (NVM)C4Read device serial numberC5Switch to low per modeC6Invoke manufacturing testC7Diagnostic request (like capabilities request)C8Diagnostic reply (like capabilities reply)B1Application TestA0Application Hardware SignalA1Application Test Reply______________________________________________________________________________________