SECTION 4ACCESS.bus__________________________________________________________Keyboard Device Protocol Specification

TABLE OF CONTENTS4.0 Introduction............................................................................................................ 4-14.0.1 Design Objectives................................................................................................. 4-14.0.2 Generic Keyboard Overview.............................................................................. 4-14.1 Key Event Reporting.............................................................................................. 4-14.2 Auto Repeat.............................................................................................................. 4-24.3 Keyclick and Bell.................................................................................................... 4-24.4 Capabilities Information....................................................................................... 4-24.5 Timing and Exceptions (Guideline)..................................................................... 4-34.6 Host Commands to Keyboard................................................................................. 4-34.6.1 Application Click (Optional).............................................................................. 4-34.6.2 Application Bell (Optional)................................................................................ 4-34.6.3 Application LEDs (Optional)............................................................................... 4-34.6.4 Application Poll................................................................................................... 4-44.7 Keyboard To Host Data............................................................................................ 4-44.7.1 Keyboard State Report (Device Data Stream).................................................. 4-44.7.2 Keyboard Output Error........................................................................................ 4-44.7.3 Keyboard Self Test (Attention) Report............................................................ 4-44.8 Keyboard Mapping Tables..................................................................................... 4-54.8.1 DEC LK501 LAYOUT............................................................................................... 4-7APPENDIX 4.A................................................................................................................ 4-114.A.1 LK501 Capabilities Information....................................................................... 4-114.A.2 Scan Timing......................................................................................................... 4-114.A.3 Keyclick and Bell................................................................................................ 4-114.A.4 Write Non-volatile Memory (Vendor Reserved)........................................... 4-114.A.5 Keyboard Generated Hardware Signals.......................................................... 4-12

ACCESS.bus Keyboard Device Protocol Specification4 - 1 4.0 Introduction4.0.1 Design ObjectivesThe keyboard device protocol described in this specification defines standardmessages for reporting keystrokes and controlling keyboard peripherals. Thekeyboard device protocol attempts to define the simplest set of functions from whichcommon industry standard keyboard interfaces can be built. The followingprinciples were used to guide the design:1. Provide sufficient functional completeness to support existing user interfaces.2. Reduce complexity in human terms wherever possible. Existing keyboard driversdo not utilize many of the features provided. Some have introduced errors inhandling the subtle interactions defined.3. Minimize state information that must be modeled in both the keyboard and thehost. This is to avoid synchronization problems.4. Minimize memory required in the keyboard. Cost per bit is much lower on thehost.4.0.2 Generic Keyboard OverviewA generic keyboard consists of an array of key stations assigned numbers between 8and 255. When any key station transitions between open and closed, the entire list ofkey stations currently closed or depressed is transmitted to the host.In addition to reporting key stations, the generic keyboard device can support simplefeedback mechanisms such as keyclicks, bells, and light-emitting diodes. Thesemechanisms are controlled explicitly from the host so that minimal keyboard statemodeling is required. The capabilities information is used to identify the keyboardmapping table and the feedback mechanisms available. The keyboard mapping tablecan also be stored in the keyboard itself as part of the capabilities string.4.1 Key Event ReportingEach key is assigned a unique 8-bit number (8-255). The first eight (8) codes arereserved for other keyboard functions. On each key transition, up or down, thekeyboard will report the complete state of the key array as a list of zero to ten keystations that are currently down.Example: user enters the modified keystroke Alt-Shift-Atransitionreport Alt down Alt Shift down Alt Shift ’A’ down Alt Shift A ’A’ up Alt Shift Shift up Alt Alt up <empty list>This reporting scheme is functionally complete in that the host can detect every keytransition and it provides the full state of the keyboard on each report. No specialresynchronization reports are needed.

ACCESS.bus Keyboard Device Protocol Specification4 - 2 To simplify generating the reports, keys can be reported in any order.4.2 Auto RepeatAuto-repeat is the responsibility of the host. The common model is to have appropriatekeys begin auto-repeating at a constant <rate> if held down for longer than somestart up <delay>. The auto-repeat <rate> and <delay> are often user setable.4.3 Keyclick and BellKeyclick is handled manually by the host sending the command to click after eachappropriate key transition or auto repeated keystroke. In order for keyclick to appearinstantaneous, keyclick should occur within 100 milliseconds of the correspondingkey transition. The keyclick volume is specified by the host on each command sothere is no state to set or remember in the keyboard.Bell is handled manually by the host sending the command to sound the bell asneeded. The bell volume is specified by the host on each command so there is no stateto set or remember in the keyboard.4.4 Capabilities InformationThe keywords defined in this section have standard meanings within theACCESS.bus Generic Keyboard Device Protocol.KeywordMeaningkeymap()The "keymap()" entry identifies the keymap tablethat should be used to translate keycodes tocharacters or keystroke functions.feedback()The "feedback()" entry lists and describes thefeedback mechanisms available for use by hostsoftware.click()The "click()" entry indicates the keyboardprovides a host controlled click feature. Theparenthesis contain an integer representing themaximum volume setting. Zero is assumed tobe the minimum.bell()The "bell()" entry indicates the keyboardprovides a host controlled bell feature. Theparenthesis contain an integer representing themaximum volume setting. Zero is assumed tobe minimum.led()The "led()" entry indicates the keyboardprovides one or more host controlled LED

ACCESS.bus Keyboard Device Protocol Specification4 - 3 indicators. The parenthesis contain a list oftagged labels giving the bit number in theillumination mask and correspondingindicator label or name. The following labelsare currently defined:hold, lock, compose, wait, NumLock,CapsLock, ScrollLock4.5 Timing and Exceptions (Guideline)The keyboard microprocessor scans the key array repeatedly to detect keytransitions. If more than one key transition is detected during a single scan, all keytransitions will be reported together as part of the new keyboard state. In this case,the order of key transitions cannot be determined.When the microprocessor completes a scan of the key array and has detected one ormore key transitions, it will try to assume bus mastership to send a keyboard report.Since other devices may be using the bus, it could take some time before the keyboardis allowed to become bus master. The processor may restart scanning the key arrayduring this time, and wait to be interrupted when bus mastership has been granted.It is assumed devices attached to the desktop bus will have an opportunity to reportduring each frame refresh interval. This is necessary to track locator devicessmoothly. For 60 Hz video, this interval is 16.6 milliseconds.4.6 Host Commands to Keyboard4.6.1 Application Click (Optional)The Application Click command instructs the keyboard to generate a click sound(device defined Control/Status, P=l).Op-code: 01 Data: l-byte click volume.4.6.2 Application Bell (Optional)The Application Bell command instructs the keyboard to generate a bell sound(device defined Control Status, P=l).Op-code: 02 Data: l-byte bell volume.4.6.3 Application LEDs (Optional)The Application LEDs command instructs the keyboard to illuminate one or moreLED indicators (device defined Control/Status, P=1).Format:Op-code:03Data:1-byte illumination mask: 0=off, 1=on

ACCESS.bus Keyboard Device Protocol Specification4 - 4 4.6.4 Application PollThe Application Poll command instructs the keyboard to report its current stateshowing which keys are currently down (device defined Control/Status, P=1). SeeKeyboard State Report.Op-code:04Data:none4.7 Keyboard To Host Data4.7.1 Keyboard State Report (Device Data Stream)The keyboard State Report transmits a list of up to ten keycode (8-255) for the keysthat are currently down. Code value zero (0) means the key list is empty, no keys aredown.4.7.2 Keyboard Output ErrorThe Keyboard Output Error message indicates that the keyboard has detected a keystate it cannot report. This might occur because more than ten keys are being helddown simultaneously or a possible phantom key has been detected. The keyboardwill transmit a valid key state report as soon as the condition preventing the keystate from being sent is corrected. Keyboard Output Error is a device definedControl/Status message.4.7.3 Keyboard Self Test (Attention) ReportAt power up, or upon receiving a "Reset" command, the keyboard will test itselectronics and firmware and report the results as an "Attention" report (seeACCESS.bus Description and Protocol Specification). The keyboard uses thefollowing predefined status values in its attention report:0Success1ROM checksum error detected2RAM error detected3Key down error detectedIf a ROM checksum error is detected, the second data byte will give the computednon-zero ROM checksum.If a key down error is detected, the second data byte will give the keycode of the firstdown key detected (8-255).These same parameters are used for Application Reply in response to anApplicaltion Test command. In this case, the previously stored power-up test resultsare used.The keyboard shall ignore incoming messages during self test. Messages addressedto the device will not be acknowledged.Start up guidelines: If a ROM or RAM error is detected, the keyboard may attempt tostart normal operation anyway. If a key down error is detected, the keyboard will

ACCESS.bus Keyboard Device Protocol Specification4 - 5 continue scanning the key array until all keys are up, and then transmit a testreport with status code zero indicating success.4.8 Keyboard Mapping TablesThe keyboard mapping tables in this section are not mandatory, but recommendedfor compatibility with industry standard keyboard layouts. Additional layouts can beinc luded in this specification by approval of the ACCESS.bus Standard Committee.FIGURE 4.1: EPC Numbered Assignment of Key Positions11211311411511611711811912012112345678910111213161718192021222324252627284331323334353637383940414546474849505152535455122123991087576798081838485868990919293959697981001011021031041051061071241251269410942291415561103044586064626157656667FIGURE 4.2: EPC Typical Domestic US LayoutF1F2F3F4F5F6F7F8F9F10~‘!1@2#3$4%5^6&7*8(9)0_-+=TabQWERTYUIOP{[}]EnterASDFGHJKL:;"’WTCZXCVBNM<,>.?/F11F12EnterInsDelLeftHomeEndUpDownPgUpPgDnRghtNumLock7Home4Left1End/8Up52Down*9PgUp6Rght3PgDn.Del-+PrntScrnScrlLockPausWTC|\EscCapsLockL ShtCtrlAltCtrlAltSpaceNumLockCapsLockScrollLockBackspaceR Shift0InsSyRqBreakKey #LegendKey CodePositionTable 4.1: EPC Suggested Keycodes1‘~BFE0021COE0132C5E0243CBE0354D0E0465D6E0576DBE0687E0E0798E5E08109EAE09110EFE1012- _F9E1113= +F5E1214F4E1317QC1D01

ACCESS.bus Keyboard Device Protocol Specification4 - 6 18WC6D0219ECCD0320RD 1D0421TD7D0522YDCD0623UE 1D07241E6D08250EBD0926PF0D1027[~FAD1128] }F6D1229\ IF1D1331AC2C0132SC7C0233DCDC0334FD2C0435GD8C0536HD DC0637JE2C0738KE7C0839LECC0940;:F2C1041’ " FBC1142F7C1245C9B0046ZC3B0147XC8B0248CCEB0349VD3B0450BD9B0551NDEB0652ME3B0753, ~E8B0854. >EDB0955/ ?F3B1056FCB1115BackspaceBC16TabBE58Left CtrlAF64Right Ctrl6230LockB043ReturnBD44Left ShiftAE57Right ShiftAB60Left AltAC61SpaceD462Right Alt (Alt Gr)B2655E665F676075Insert8B76Delete8C80Home8A81End8D85Pg Up8E

ACCESS.bus Keyboard Device Protocol Specification4 - 7 86Pg Dn8F83Up ArrowA A 84Down ArrowA979Left ArrowA789Right ArrowA890Num LockA1951A2100~A3105-A491Home 79D96Up 89E101PgUp 99F106+A092Left 4999759A102Right 69B1079C93End 196949198Down 297103PgDn 398108Enter951099399Ins 092104Del .94110Esc7D112F156113F257114F358115F459116F55A117F664118F765119F866120F967121F1068122F1171123F1272124Print Screen73125Scroll Lock74126Pause7CDEC convention uses Lock as a local Extend key so that Lock/Fl through Lock/F10are synonyms for Fll through F20 on Enhanced PC keyboards that do not have 20 toprow function key4.8.1 DEC LK501 LAYOUTFigure 4.3: LK501 Numbered Assignment of Key Positions

ACCESS.bus Keyboard Device Protocol Specification4 - 8 112113114115116117118119120121

12345678910111213151617181920212223242526272843583031323334353637383940414244454647484950515253545557596061626312212312412512612712913013113299108757679808183848586899091929395969798100101102103104105106107Figure 4.4: LK501 Typical North American Key LegendsF1F2F3F4F5F6F7F8F9F10

~‘!1@2#3$4%5^6&7*8(9)0_-+=TabQWERTYUIOP{[}]CtrlLockASDFGHJKL:;"’|\><ZXCVBNM<,>.?/ComposeCharacterAltFunctionSpaceAltFunctionComposeCharacterF11F12F13F14HelpDoF17F18F19F200EnterFindInsertPrevRemNextPF1741PF2852PF3963.PF4-,

XReturnShiftShiftSelectKey #LegendKey CodePositionTable 4.2: LK501 Suggested Keycodes’ ~ BFE0021COE0132C5E0243CBE0354D0E0465D6E0576D BE0687E0E0798E5E08109EAE09110EFE1012-F9E1113= +F5E1217aC1D0118WC6D0219ECCD0320RD1D0421TD7D0522YDCD0623UE1D07241E6D08250EBD0926PF0D1027[{FAD1128]}F6D1231AC2C01

ACCESS.bus Keyboard Device Protocol Specification4 - 9 32SC7C0233DCDC0334FD2C0435GD8C0536HDDC0637JE2C0738KE7C0839LECC0940;:F2C1041’ " FBC1142\IF7C1245<,C9B0046ZC3B0147XC8B0248CCEB0349VD3B0450BD9B0551NDEB0652ME3B0753,<E8B0854.>EDB0955/ ? F3B1015<X]BC16TabBE58CtrlAF30LockB043ReturnBD44Left ShiftAE57Right ShiftAB59Left ComposeB160Left AltAC61SpaceD462Right AltB263Right ComposeAD75Find8A80Insert Here8B85Remove8C76Select8D81Prev8E86Next8F83Up ArrowA A 84Down ArrowA979Left ArrowA789Right ArrowA890PF1A195PF2A2100PF3A3105PF4A491KP79D96KP89E101KP99F106KP-A092KP49997KP59A102KP69B

ACCESS.bus Keyboard Device Protocol Specification4 - 1 0 107KP,9C93KP19698KP297103KP398108KPEnter9599KP092104KP.94112F156113F257114F358115F459116F55A117F664118F765119F866120F967121F1068122F1171123F1272124F1373125F1474126Help7C127Do7D1287E129F1780130F1881131F1982132F2083

ACCESS.bus Keyboard Device Protocol Specification4 - 1 1 APPENDIX 4.ALK501 DESIGN EXAMPLEThis appendix describes an example ACCESS.bus keyboard implementation andshould not be viewed as specifying any conformance requirements.4.A.1 LK501 Capabilities Informationprot (keyb) model(LK501-AA) type (keyboard) keymap (LK501-??)feedback(click(7)bell(7)1ed(4(hold)3(1cck)))The keyboard model number LK501-?? is used as the keymap identifier. The modelsuffix (??) is replaced by a two character country layout designation stored in non-volatile memory when the keyboard was manufactured.The keyboard supports the "Application Click" and "Application Bell" commandswith volume levels 0-7 (0=off, 7=maximum).The keyboard supports two LED indicators labelled "Hold" and "Lock". These areilluminated by setting bits four and three in the illumination mask where bit one isthe least significant bit.4.A.2 Scan TimingThe keyboard is expected to be able to detect keys depressed for as little as twentymilliseconds (20 ms). Multiple keys should be detected in correct order when theinterkeying times are not less than 8.3 ms. (120 Hz scan rate). Since the keyboardscan rate is 120 Hz, it is sometimes necessary to save a new key transition whilewaiting for the previous keyboard state to be reported. It is only necessary to "save"one scan worth of key transitions since the keyboard is expected to be allowed toreport within a single frame time (16.6 ms at 60 Hz).4.A.3 Keyclick and BellKeyclick and bell on the LK501 use the same transducer. Because of that, neithersound may be interrupted by the other. A single keyclick and bell may beremembered (pending) while the bell or previous keyclick is sounding. If additionalkeyclick or bell commands are received before the previous bell or keyclick hasfinished (including the beep space), they will be discarded. If both a keyclick andbell are pending when the previous beep space completes, the bell will sound next.4.A.4 Write Non-volatile Memory (Vendor Reserved)This command instructs the keyboard to write the specified six character string to itsnonvolatile memory. The first two characters are used as the country layoutdesignation and the remaining four characters are used as the device serialnumber. ControVStatus Vendor Reserved Command, P=l, Length=7.

ACCESS.bus Keyboard Device Protocol Specification4 - 1 2 Op-code: C3h Data: 6-byte data string.The LK501 keyboard contains a 93C06 EEPROM used to provide non-volatilememory. While writing to the EEPROM, the keyboard will ignore the I2C bus. Afterprogramming, the keyboard will reset itself generating a power up attentionmessage. The host can use the Identify Request message to verify that the newEEPROM data has been successfully written.If the first byte of the EEPROM is FFh, the keyboard will assume the EEPROM iserased or not present and proceed without it. In this case, the model number willreport as LK501-??, and the keyboard will generate a pseudo random negativenumber for the device number.Programming Example: Assume the keyboard to be programmed has been assigneddevice address 52h. Message Bytes Comment52 Destination address, message to device to be programmed50 Source address, from host device87 Control message (P=l), data length 7 bytesC3 Vendor reserved op-code C3h, write EEPROM41 "A" First byte of model variation as in LK501-AA41 "A" Second byte of model variation00 Start of 4 byte device number, SN=l in this example000001?? Check byte, equal to the XOR of the previous bytes.4.A.5 Keyboard Generated Hardware SignalsThe LK501 keyboard can be used to generate hardware Reset, Halt, and Attentionsignals if the I2C to computer interface supports them.On the LK501 and similar keyboards:CTRL-ALT-DELSignal 1, "Reset"CTRL-ALT-RETURNSignal 2, "Halt"CTRL-ALT-SHIFT-DELETESignal 3, "Attention"Refer to the ACCESS.bus Description and Protocol Specification for a description ofthese hardware signals.