iX3T11/95-X3T11/Project 1117-D/REV 2.2HIGH-PERFORMANCE PARALLEL INTERFACE -Serial Specification(HIPPI-Serial)working draft proposedAmerican National StandardJanuary 19, 1996Secretariat:Information Technology Industry Council (ITI)ABSTRACT: This standard specifies a physical-level interface for transmitting digital data at 800Mbit/s or 1600 Mbit/s serially over fiber-optic cables across distances of up to 10 km. The signallingsequences and protocol used are compatible with HIPPI-PH, ANSI X3.183-1991, which is limited to25 m distances. HIPPI-Serial may be integrated as a host’s native interface, or used as an externalextender for HIPPI-PH ports.NOTE:This is an internal working document of X3T11, a Technical Committee of Accredited StandardsCommittee X3. As such, this is not a completed standard. The contents are actively being modifiedby X3T11. This document is made available for review and comment only. For current informationon the status of this document contact the individuals shown below:POINTS OF CONTACT:Roger Cummings (X3T11 Chairman)Carl Zeitler (X3T11 Vice-Chairman)Storage Technology CorporationIBM Corporation, MS 94402270 South 88th Street11400 Burnet RoadLouisville, CO 80028-0268Austin, TX 78758 (303) 661-6357, Fax: (303) 684-8196 (512) 838-1797, Fax: (512) 838-3822 E-mail: Roger_Cummings@Stortek.com E-mail: zeitler@ausvm6.vnet.ibm.comDon Tolmie (HIPPI-Serial Technical Editor)Los Alamos National LaboratoryCIC-5, MS-B255Los Alamos, NM 87545 (505) 667-5502, Fax: (505) 665-7793 E-mail: det@lanl.gov ii iiiANSI ¤X3.xxx-199xAmerican National Standardfor Information Systems —High-Performance Parallel Interface —Serial Specification (HIPPI-Serial)SecretariatInformation Technology Industry Council (ITI)Approved, 199American National Standards Institute, IncAbstractThe described Specification defines a physical-level interface for transmitting digital data at800 Mbit/s or 1600 Mbit/s serially over fiber-optic cables across distances of up to 10 km.The signalling sequences and protocol used are compatible with HIPPI-PH, ANSI X3.183-1991, which is limited to 25 m distances. HIPPI-Serial may be integrated as a host’s nativeinterface, or used as an external extender for HIPPI-PH ports.

ivAmericanNationalStandardApproval of an American National Standard requires verification by ANSIthat the requirements for due process, consensus, and other criteria forapproval have been met by the standards developer.Consensus is established when, in the judgment of the ANSI Board ofStandards Review, substantial agreement has been reached by directly andmaterially affected interests. Substantial agreement means much morethan a simple majority, but not necessarily unanimity. Consensus requiresthat all views and objections be considered, and that a concerted effort bemade towards their resolution.The use of American National Standards is completely voluntary; theirexistence does not in any respect preclude anyone, whether he hasapproved the standards or not, from manufacturing, marketing, purchasing,or using products, processes, or procedures not conforming to thestandards.The American National Standards Institute does not develop standards andwill in no circumstances give interpretation on any American NationalStandard. Moreover, no person shall have the right or authority to issue aninterpretation of an American National Standard in the name of theAmerican National Standards Institute. Requests for interpretations shouldbe addressed to the secretariat or sponsor whose name appears on thetitle page of this standard.CAUTION NOTICE: This American National Standard may be revised orwithdrawn at any time. The procedures of the American National StandardsInstitute require that action be taken periodically to reaffirm, revise, orwithdraw this standard. Purchasers of American National Standards mayreceive current information on all standards by calling or writing theAmerican National Standards Institute.PatentStatementCAUTION: The developers of this standard have requested that holder’s ofpatents that may be required for the implementation of this standard,disclose such patents to the publisher. However, neither the developers northe publisher have undertaken a patent search in order to identify which, ifany, patents may apply to this standard.As of the date of publication of this standard and following calls for theidentification of patents that may be required for the implementation of thestandard, no such claims have been made. No further patent search isconducted by the developer or the publisher in respect to any standard inprocess. No representation is made or implied that licenses are notrequired to avoid infringement in the use of this standard.Published byAmerican National Standards Institute11 West 42nd Street, New York, New York 10036Printed in the United States of America iiContentsPageForeword....................................................................................................... iiiIntroduction.................................................................................................. vi1Scope...................................................................................................... 12Normative references............................................................................... 13Definitions and conventions..................................................................... 13.1Definitions...................................................................................... 13.2Editorial conventions...................................................................... 33.3Acronyms and other abbreviations................................................. 34System overview...................................................................................... 34.1Functional units............................................................................. 34.2HIPPI-PH signals........................................................................... 54.3Non-HIPPI-PH control signals, OHn (Overhead bits)....................... 54.4Serial data input and output.......................................................... 54.5Configurations............................................................................... 55Transmit section...................................................................................... 55.1Encoding the 20-bit data fields...................................................... 55.2Encoding F0, F1 with REQUEST, PACKET, and BURST................ 65.3Encoding M0, M1 with CONNECT, READY, and OHn.................... 65.4Converting parallel data to serial.................................................... 85.5Transmit section clock signals........................................................ 96Receive section..................................................................................... 106.1Receive section clock signals....................................................... 106.2Operating on the 24-bit frames.................................................... 106.3Decoding 20-bit data fields.......................................................... 116.4Decoding F0, F1 into REQUEST, PACKET, and BURST.............. 116.5Decoding M0, M1 into CONNECT, READY, and OHn.................. 117Link Control........................................................................................... 127.1Link Control output signals........................................................... 127.2Link Control input signals............................................................. 127.3Link reset..................................................................................... 128Serial optical interface............................................................................ 138.1General specifications.................................................................. 138.2Fiber type.................................................................................... 148.3Optical connectors....................................................................... 14 iiiiAnnexesAImplementation suggestions.................................................................. 16A.1Example SUBMUX circuit.............................................................. 16A.2Example SUBDEMUX circuit......................................................... 16A.3TLI and RLI availability.................................................................. 16BAdditional optical information................................................................. 18B.1Eye measurements with an oscilloscope....................................... 18B.2Optical power................................................................................ 18B.3Optical spectrum........................................................................... 18B.4Eye safety.................................................................................... 18B.5Loss budget examples................................................................. 18CHIPPI-PH signal relationships................................................................. 20C.1REQUEST, PACKET, and BURST................................................ 20C.2Control signals during errors.......................................................... 20DHIPPI-PH Extender................................................................................ 22D.1HIPPI-PH signals.......................................................................... 22D.2HIPPI-Serial Extender loopbacks.................................................. 22D.3HIPPI-Serial Extender front panel user interface........................... 24EBibliography........................................................................................... 25Tables120-bit data field structure........................................................................ 62REQUEST, PACKET and BURST coding in F0 and F1........................... 63M0, M1 contents.................................................................................... 74Overhead bit (OHn) functions................................................................. 75Overhead bit 1 (OH1) coding.................................................................. 7624-bit frame structure............................................................................. 97General long wavelength optical specifications over single-mode fiber.. 148General long wavelength optical specifications over multimode fiber.... 159General short wavelength optical specifications.................................... 15Figures132-bit, dual-simplex, HIPPI-Serial functional units example..................... 42Link reset state diagram....................................................................... 123Transmitter eye diagram mask............................................................. 14A.1SUBMUX block diagram....................................................................... 17A.2SUBDEMUX block diagram.................................................................. 17D.1Remote and local loopback.................................................................. 23 iiiiiiForeword (This Foreword is not part of American National Standard X3.xxx-199x.)This High-Performance Parallel Interface, Serial Specification, (HIPPI-Serial)specifies a physical-level interface for transmitting digital data at 800 Mbit/s or1600 Mbit/s serially over fiber-optic cables across distances of up to 10 km.The signalling sequences and protocol used are compatible with HIPPI-PH,ANSI X3.183-1991, which is limited to 25 m distances. HIPPI-Serial may beintegrated as a host’s native interface, or used as an external extender forHIPPI-PH ports.This standard is based on the Serial-HIPPI Specification developed in an adhoc committee during 1990 through 1993. The ad hoc committee includedrepresentatives from computer system manufacturers, peripheral devicemanufacturers, defense/aerospace equipment manufacturers,communications equipment manufacturers, users of data processingsystems, including National Laboratories and Government agencies, as wellas others who expressed an interest in developing such a specification.These representatives collectively possessed a considerable knowledgeconcerning computer interfacing in general, and the HIPPI standards inparticular.Devices conforming to the Serial-HIPPI Specification are now available in the commercial market place, and a desire to more formally document the specification lead to creating this standard. This standard includes enhancements beyond the Serial-HIPPI Specification, e.g., for shortwavelength optics, integrated native host interfaces, and clarifications to some text.

This document includes annexes which are informative and are notconsidered part of the standard.Requests for interpretation, suggestions for improvement or addenda, ordefect reports are welcome. They should be sent to the X3 Secretariat,Information Technology Industry Council, 1250 Eye Street, NW, Suite 200,Washington, DC 20005.This standard was processed and approved for submittal to ANSI byAccredited Standards Committee on Information Processing Systems, X3.Committee approval of the standard does not necessarily imply that allcommittee members voted for approval. At the time it approved thisstandard, the X3 Committee had the following members:(List of X3 Committee members to be included in the published standardby the ANSI Editor.)

iviv vvSubcommittee X3T11 on Device Level Interfaces, which developed thisstandard, had the following participants:R. Cummings, ChairC. Zeitler, Vice-ChairD. Tolmie, HIPPI-Serial Technical EditorD. AllanD. AllenR. BaillyC. BeckB. BellinoR. Ben-ZurC. BinfordP. BoulayC. BrillJ. BumblisE. CadyJ. CalleK. ChanM. CheneryK. ChennappanH. ChinR. CookJ. CoomesR. CorneliusR. DahlgrenS. DarnellJ. DedekD. DeelM. DorsettP. DuclosR. DuganB. EdgeS. ErlerF. FergusonG. FlauausD. FordM. FosterK. FredericksE. FreemanE. FrymoyerB. GallagherB. GannonE. GardnerW. GintzC. GrantM. GriffinE. GrivnaD. HacklerD. HagermanB. HamN. HarrisV. HayduD. HepnerJ. HimesM. HoardE. JacquesT. JohnsonS. JoinerG. KalwitzR. KembelR. KleckowskiO. KornblumD. LaFolletteL. LamersH. LeeM. LeibB. LevinJ. LohmeyerI. MagyarP. MaherK. MalavalliJ. MathisV. MelendyJ. MerkwazS. MindemannA. MiuraJ. MurdockM. O’DonnellJ. OliverT. PalkertA. ParsonsM. ParvareshR. PedersenR. PetersenG. PorterR. PrenticeG. RaraB. ReinholdJ. RenwickC. RichW. RickardR. RonaldB. RumerP. RupertD. SagisiC. SchafferJ. SherfeyM. ShiflettM. ShrikiK. SmithR. SnivelyT. SprenkleJ. StaiG. StephensB. StoevhaseA. StoneR. TaborekL. ThorsbakkenJ. ToyH. TruestedtS. UcciS. Van DoornT. VossR. WagnerP. WalfordN. WanamakerG. WardenL. WhitfieldJ. WilsonS. Wilson viviIntroductionThis High-Performance Parallel Interface, Serial Specification, (HIPPI-Serial)defines a physical-level interface for transmitting digital data at 800 Mbit/s or1600 Mbit/s serially over fiber-optic cables across distances of up to 10 km.The signalling sequences and protocol used are compatible with HIPPI-PH,ANSI X3.183-1991, which is limited to 25 m distances. HIPPI-Serial may beintegrated as a host’s native interface, or used as an external extender forHIPPI-PH ports.Characteristics of a HIPPI Serial interface include:—Point-to-point connections use one or two pairs of fiber-opticcables for distances of up to 10 km.—Long wavelength and short wavelength optics options.—May be used in a simplex or duplex configuration.—Support for 800 Mbit/s or 1600 Mbit/s data rates.—Use as an integrated host interface without an intervening HIPPI-PH is supported.—Use as an external extender for HIPPI-PH ports is supported.—The coding scheme provides low-latency, automatic link reset, androbust operation.

draft proposed American National StandardANSI X3.xxx-199x

1) JIS documents may be obtained from the Institute of Standardization in Japan.1American National Standardfor Information Technology —High-Performance Parallel Interface —Serial Specification (HIPPI-Serial)1ScopeThis American National Standard specifies aphysical-level interface for transmitting digitaldata at 800 Mbit/s or 1600 Mbit/s serially overfiber-optic cables across distances of up to 10km. The signalling sequences and protocolused are compatible with HIPPI-PH, ANSIX3.183-1991, which is limited to 25 mdistances. HIPPI-Serial may be integrated as ahost’s native interface, or used as an externalextender for HIPPI-PH ports.Specifications are included for:— the encoding and serialization of theparallel data;—the sequence of signals required for linkreset;—the timing and optical requirements of theserial signals;—32-bit (800 Mbit/s, 100 MByte/s) and 64-bit(1600 Mbit/s, 200 MByte/s) operation;—simplex and dual simplex operation.2Normative referencesThe following American National Standardcontains provisions which, through reference inthis text, constitute provisions of this AmericanNational Standard. At the time of publication,the edition indicated was valid. All standardsare subject to revision, and parties toagreements based on this standard areencouraged to investigate the possibility ofapplying the most recent edition of thestandard listed below.ANSI X3.183-1991, High-performance parallelinterface, mechanical, electrical, and signallingprotocol specification (HIPPI-PH) .ANSI X3.230-1994, Fibre Channel — Physicaland Signaling Interface (FC-PH).EIA/TIA 492BAAA, Detail Specification for ClassIVa Dispersion Unshifted Single-Mode OpticalWaveguide Fibers Used In CommunicationsSystems.FOTP-107 (ANSI/EIA/TIA-107-1989), ReturnLoss for Fiber Optic Components (February1989).FOTP-127 (ANSI/EIA/TIA-455-127-1991),Spectral Characteristics of Multimode LaserDiodes Performance, Nov. 1991.JIS-C-59731), FO4 Type Connectors for OpticalFiber Cards.OFSTP-3 (EIA/TIA-526-3), Fibre Optic TerminalEquipment Receiver Sensitivity and MaximumReceiver Input, Oct. 1989.3Definitions and conventions3.1 DefinitionsFor the purposes of this standard, the followingdefinitions apply.3.1.1 attenuation: The power loss expressed inunits of dB.

ANSI X3.xxx-199x223.1.2 average power: The optical powermeasured using an average reading powermeter when transmitting continuous validinformation.3.1.3 bit error rate (BER): The statisticalprobability of a transmitted bit being erro-neously received in a communication system.The BER is measured by counting the numberof erroneous bits at the output of the receiverand dividing by the total number of bits.3.1.4 B0-B19: Bits in the 20-bit data field.3.1.5 center wavelength (laser): The nominalvalue of the central operating wavelength,defined by a peak mode measurement. (SeeFOTP-127.)3.1.6 coding nibble: The 4 bits appended toa 20-bit data field to form a frame. They signaldata inversion, indicate fill frames, and supplythe Master Transition.3.1.7 D0-D31, D32-D63: Bits in the 32-bit, andextension for 64-bit, parallel HIPPI word.3.1.8 data field: The 20-bit data portion of a24-bit frame.3.1.9 debounced signal: A signal that hasbeen converted from an intermittent signal to astable one. (See 7.2.)3.1.10 Destination: A HIPPI-PH Destination.3.1.11 extinction ratio: The ratio, expressedin units of dB of the low, or �off� optical powerlevel (PL), to the high, or �on� optical powerlevel (PH), when the station is transmitting validinformation.3.1.12 fiber-optic test procedure (FOTP):Standards developed and published by theElectronic Industries Association (EIA) underthe EIA-RS-455 series of standards.3.1.13 fiber plant: All of the optical elements,for example, fiber, connectors, splices, etc.,between an optical transmitter and an opticalreceiver.3.1.14 frame: 24 bits consisting of a 20-bitdata field and 4-bit coding nibble.3.1.15 functional unit: A functional partition ofthe entire system. Partitioning is for thepurpose of explanation only. Implementors arefree to combine or divide functional units.3.1.16 HIPPI-PH: High-Performance ParallelInterface - Mechanical, Electrical, and SignallingProtocol Specification (HIPPI-PH), ANSIX3.183-1991. Data is transmitted in parallelover copper twisted-pair cables.3.1.17 HIPPI port: A HIPPI-PH Source orDestination.3.1.18 link: One way serial connectionbetween HIPPI-Serial devices.3.1.19 Master Transition: A bit transition thatalways appears between the second and thirdbits of the coding nibble.3.1.20 mean launch power: The averageoptical power for a continuous valid informationstream coupled into a fiber.3.1.21 Optical Fiber System Test Practice(OFSTP): Standards developed and publishedby the Electronics Industries Association (EIA)under the EIA/TIA-526 series of standards.3.1.22 optical return loss: The ratio(expressed in units of dB) of optical powerreflected by a component or an assembly tothe optical power incident on a component portwhen that component or assembly isintroduced into a link or system. (See FOTP-107.)3.1.23 optional: Characteristics that are notrequired by HIPPI-Serial. However, if anyoptional characteristic is implemented, it shallbe implemented as defined in HIPPI-Serial.3.1.24 Overhead bit (OH1-OH8): A bit, local tothe HIPPI-Serial hardware, which is transmittedalong with the HIPPI-PH data over the serial linkto provide extra capacity for control andmaintenance functions.3.1.25 Receiver Link Interface (RLI): Afunctional unit that deserializes and decodesthe serial input data into 20-bit data fields.3.1.26 Source: A HIPPI-PH Source.3.1.27 spectral width (RMS): The root meansquare (RMS) width of the Active Outputinterface optical spectrum. (See FOTP-127.)3.1.28 SUBMUX, SUBDEMUX: Functionalunits that combine (extract) the CONNECT,READY, and Overhead bits for transmissionacross the serial links as bits M0 and M1.

ANSI X3.xxx-199x333.1.29 time slot: a contiguous group of 16 frames.

3.1.30 Transmitter Link Interface (TLI): Afunctional unit that encodes and serializes 20-bit data fields, preparing them for serialtransmission.3.1.31 unit: See functional unit.3.1.32 XDEMUX: A functional unit thatdecodes two 20-bit data fields into HIPPI dataand control signals.3.1.33 XMUX: A functional unit that encodesthe HIPPI data and control signals into two 20-bit data fields.3.2Editorial conventionsIn this standard, certain terms that are propernames of signals or similar terms are printed inuppercase to avoid possible confusion withother uses of the same words (e.g., FLAG).Any lowercase uses of these words have thenormal technical English meaning.A number of conditions, sequence parameters,events, states, or similar terms are printed withthe first letter of each word in uppercase andthe rest lowercase (e.g., State, Source). Anylowercase uses of these words have the normaltechnical English meaning.The word shall when used in this AmericanNational standard, states a mandatory rule orrequirement. The word should when used inthis standard, states a recommendation.3.3Acronyms and other abbreviationsBERbit error ratedBdecibeldBmdecibel (relative to 1 mw power)FOTPFiber Optic Test ProcedureHIPPIHigh-Performance ParallelInterfaceLLRCLength/Longitudinal RedundancyCheckwordnsnanosecondsnmnanometersOFSTPOptical Fiber System Test PracticePLLphase locked loopPRBSpseudo random bit sequenceRINrelative intensity noiseRLIReceiver Link InterfaceRMSroot mean squareSUBMUXSub MultiplexerSUBDEMUXSub De-MultiplexerTLITransmitter Link InterfaceXDEMUXReceive De-MultiplexerXMUXTransmit MultiplexermsmicrosecondsWohms4System overviewThe HIPPI-Serial provides a serial communica-tion facility for HIPPI. The primary purpose ofHIPPI-Serial is to extend the physical range ofHIPPI beyond 25 meters. A secondarypurpose is to replace the parallel HIPPI-PHcable and connectors with a fiber-optic cable.The primary characteristics of HIPPI-Serial are:Baud Rate1.2 GBaudMaximum station separation: 10 kmBit-Error Rate£10-1264-Bit (1600 Mbit/s) HIPPI supported by two HIPPI-Serials in parallelHIPPI simplex or dual simplex operationSince error rates are specified to be at or below

10-12, forward error correction, error correcting codes, and CRCs are not addressed in this specification. If additional error detection is deemed necessary, it shall be included as part of the higher level protocols.

4.1Functional unitsFigure 1 is an example showing functional unitbuilding blocks that may be used in a HIPPI-Serial implementation. This specification iswritten in terms of the functional units shown infigure 1. However, implementors are free tosplit or combine functions as they choose. Thisdocument does not intend to specify any of theinterfaces between functional units. The onlyrequirement for compatibility is that the externalfunctionality, at the serial optical interfaces,conform to the overall functionality specified inthis document.

ANSI X3.xxx-199x44

CONNECTand READYCONNECTand READY25 MHzCLOCK25 MHzCLOCKDATAPARITYEncodeSUBMUXM0M1F0F1

32425 MHzStrobeData Field(B19...B0)FLAG

20D31...D0P3...P0SerialData(1.2 GBaud)4LinkControlControlSignalsOH1...OH8

8SUBDEMUX

8OH1...OH8DecodeF0F1REQUESTPACKETBURSTM0M1DATAPARITY

324Data Field(B19...B0)

2050 MHzStrobeFLAGD31...D0P3...P0XMUXTLIRLI2250 MHzClock4

DATA_DETSEND_DATASEND_FF0SEND_FF1TLI_UNLOCK

REQUESTPACKETBURSTXDEMUXHIPPI-PH

Destination signalsNon-HIPPI-PH

Control signalsHIPPI-PH

Source signals

FF0_DETFF1_DETFE_DETDATA_DET

SerialData(1.2 GBaud)Figure 1 — 32-bit, dual-simplex, HIPPI-Serial functional units example

ANSI X3.xxx-199x554.2 HIPPI-PH signalsThe HIPPI-PH Source and Destination signalsshown in figure 1 shall conform to the signallingprotocol specified in ANSI X3.183, HIPPI-PH.These HIPPI-PH signals do not need to con-form to the HIPPI-PH mechanical and electricalspecifications. The HIPPI-PH INTERCONNECTsignals shall not be transported over the seriallink to the remote end.4.3 Non-HIPPI-PH control signals, OHn(Overhead bits)The Overhead bits, OH1 - OH8, provide aframing function and some optional end-to-endstatus and control capability that is outside thescope of HIPPI-PH. See 5.3.1 for details of theOverhead bits.4.4 Serial data input and outputThe 1.2 GBaud serial data stream defined inthis specification is the interoperability pointbetween different implementations.4.5 Configurations4.5.1 Dual-simplex and simplexFigure 1 shows a 32-bit dual-simplex HIPPI-Serial configuration. One fiber cable carriesdata and control signals from the HIPPI-PHSource, and return direction CONNECT andREADY signals to the HIPPI-PH Destination.The other cable carries the reverse directionsignals. This uses a pair of links.Simplex operation may be achieved by ignoringthe unused HIPPI-PH signals, or setting themto zeros. The recovered HIPPI-PH CLOCKsignal on the active side shall be used to drivethe HIPPI-PH Source CLOCK signal on theunused side.4.5.2 32-bit and 64-bit systems32-bit (800 Mbit/s) HIPPI-Serial implementa-tions shall use a pair of links and two fibers asshown in figure 1. 64-bit (1600 Mbit/s) HIPPI-Serial implementations shall use two link-pairsshown in figure 1, and four fibers. See 5.1, 6.3,6.4, and 6.5 for details of the information onthe separate links of a 64-bit implementation.See 7.3 for details of the 64-bit dual-link resetoperations.4.5.3 HIPPI-Serial extendersAn external extender for copper-cable-basedHIPPI-PH ports is described in annex D.5 Transmit sectionThe transmit section consists of the Encode,SUBMUX, XMUX, and Transmitter LinkInterface (TLI) functional units shown in the topportion of figure 1. The transmit sectionencodes parallel signals into a DC balancedserial stream.5.1 Encoding the 20-bit data fields40-bit words consisting of 32 bits of HIPPI-PHdata, 4 bits of HIPPI-PH parity, F0, F1, M0, andM1, shall be split into two 20-bit data fields. Infigure 1 this function is called the XMUX. AFLAG signal shall be used to identify the first20-bit data field from the second 20-bit datafield. Table 1 specifies the bit assignments inthe 20-bit data fields, and the associated FLAGvalues. The 20-bit data field with FLAG = 0shall be transmitted before the related 20-bitdata field with FLAG = 1.NOTE — The bit arrangement in table 1 reduces thepossibility of corrupted data being identified as gooddata. The HIPPI-PH parity bits cover a byte ofadjacent data bits, e.g., P0 covers D0 - D7. Byscattering the HIPPI-PH data and parity bits in the20-bit words, a noise hit corrupting up to sevenadjacent data field bits in the serial stream will bedetected as a HIPPI-PH parity error. Corrupted bitsin the coding nibble, will also be detected as errors.32-bit (800 Mbit/s) HIPPI-Serial variants shalluse one link as shown in figure 1, and shownas link "a" in table 1.64-bit (1600 Mbit/s) HIPPI-Serial variants shalluse two separate physical links in parallel;called links "a" and "b" in table 1. The serialdata streams on links "a" and "b" shall be timealigned within 2 ns at the transmitter.

ANSI X3.xxx-199x66Table 1 — 20-bit data field structureLink -Data field bit Bn

FLAG01234567891 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 a - 0D00D08D16D24D01D09D17D25D02D10D18D26D03D11F0D19D27P0P1F1 a - 1P2P3D04D12D20D28D05D13D21D29D06D14D22D30M0D07D15D23D31M1 b - 0D32D40D48D56D33D41D49D57D34D42D50D58D35D43F0D51D59P4P5F1 b - 1P6P7D36D44D52D60D37D45D53D61D38D46D54D62’0’D39D47D55D63’0’

Link:a/b denotes separate physical links. a is used individually for 800 Mbit/s operation, a and b are used together for 1600 Mbit/s operation.

FLAG: 0/1 is derived from the coding nibble and is used to differentiate the first and second

20-bit data fields of a 40-bit word.

Dnn = HIPPI data bit

Pn = HIPPI parity bit

F0, F1 = REQUEST, BURST, and PACKET encoding (See 5.4 and table 2.)

M0, M1 = Submultiplexed CONNECT, READY, and Overhead signals (See 5.5.)

5.2 Encoding F0, F1 with REQUEST,PACKET, and BURSTThe HIPPI-PH REQUEST, PACKET, andBURST control signals shall be encoded intothe F0 and F1 bits as shown in table 2. (Seeannex C.1 for descriptions of these HIPPI-PHsignals.)Table 2 — REQUEST, PACKET and BURSTcoding in F0 and F1

HIPPI-PH signals

Code

REQUESTPACKETBURSTF 1 F 0 S t a t e

00000Idle

10001Request

11010Packet

11111Burst

00100Idle

01000Idle

01100Idle

10100Idle

5.3 Encoding M0, M1 with CONNECT,READY, and OHnThe M0 and M1 bits carry several lowerbandwidth signals multiplexed together. Table

3 shows the signals, and their relative frames.

An example circuit to generate the M0 and M1 signals is described in annex A.1 and shown in figure A.1. This function is called the SUBMUX in figure 1.

NOTE 1 — A pair of 20-bit data fields are transferred over a link every 40 ns, corresponding to the 25 MHz

HIPPI-PH CLOCK signal. For example, D0-D31, P0-

P3, REQUEST, PACKET, BURST, M0 and M1, are transmitted every 40 ns. At relative frame 0, M0 would have the first sample of "READY a", 40 ns later (relative frame 1) M0 would have the second

"READY a", at 80 ns (relative frame 2) M0 would have the third "READY a", at 120 ns (relative frame

3) M0 would have the OH5 signal, etc. Relative frame 0 is not synchronized with any specific HIPPI-

PH signal combination or transition, i.e., its location is arbitrary.

ANSI X3.xxx-199x77Table 3 — M0, M1 contentsRelativeM0M1

Framecontentscontents

0READY aCONNECT a

1READY aCONNECT a

2READY aCONNECT a

3OH5OH1

4READY bCONNECT b

5READY bCONNECT b

6READY bCONNECT b

7OH6OH2

8READY cCONNECT c

9READY cCONNECT c

10READY cCONNECT c

11OH7OH3

12READY dCONNECT d

13READY dCONNECT d

14READY dCONNECT d

15OH8 (Alt 0/1)OH4

Each of the three adjacent CONNECT orREADY bits, e.g., READY a, READY a, andREADY a, shall be transmitted with the samevalue.NOTE 2 — The HIPPI-PH CONNECT and READYsignals travel in the reverse direction from the dataand other HIPPI-PH signals, without a referenceclock or checksum. To improve the reliability of theCONNECT and READY signals in HIPPI-Serial, theyare sent three times, e.g., the three READY a’s, andspaced 40 bits apart in the serial stream. Majorityvoting logic at the receiver will correct most of theserial steam M0 and M1 errors associated with theCONNECT and READY signals.5.3.1 OHn (Overhead bits)Table 4 lists the Overhead bits. If optionalOverhead bits are used, their functions shall beas specified in table 4. If an optional function isnot used, then its bit shall be transmitted as thedefault value shown in table 4. The OH8 bitshall be an alternating 1/0 pattern to provideframing for the Overhead bit stream.Table 4 — Overhead bit (OHn) functionsOHDefaultOpt/

BitValueManFunction

OH10OptLink Status and Control

OH20OptAsynchronous channel

OH30OptAsynchronous channel

OH40OptReserved

OH50OptReserved

OH60OptVendor unique

OH71OptVendor unique

OH81/0ManFraming (alternate 1/0)

OH = Overhead

Opt = Optional

Man = Mandatory

NOTE — The optional functions assigned seemappropriate for HIPPI-Serial Extenders asdescribed in annex D, but may not be appropriate forHIPPI-Serial integrated in a workstation.5.3.2 Overhead bit OH1 encodingTable 5 defines the functions carried in optionalOverhead bit 1 (OH1). Like M0 and M1, OH1carries lower bandwidth signals multiplexed intime slots. If an optional function of OH1 is notused, then the default value shown in table 5shall be transmitted in that OH1 time slot.Table 5 — Overhead bit 1 (OH1) codingTimeDefaultOpt/

SlotValueManFunction

01ManFraming

11ManFraming

21ManFraming

31ManFraming

40ManFraming

50OptRL: Remote loopback

60OptPP: Parallel Parity Error

70OptSP: Serial Parity Error

Man = Mandatory when OH1 is used

ANSI X3.xxx-199x88RL: Remote Loopback - (Optional) If one endof a link desires the other end to go intoremote loopback, it shall transmit bit RL as a1. When RL is received as a 1, the receivingnode should go into remote loopback.When in remote loopback, all data receivedshall be echoed back to the other end of thelink, including the RL signal itself. (This willacknowledge that the link is in remoteloopback, and will allow the echoed data tobe checked for errors.) RL is a levelsensitive, static signal. As long as it is 0, thelink operates normally. As long as it isreceived as a 1, the node should echo allreceived data. However, RL should befiltered to prevent infrequent bit errors fromfalsely enabling loopback. When an endinitiates remote loopback, it shall not go intoremote loopback upon receiving RL = 1. Forrecommended implementations of loopback,refer to annex D.2.PP: Parallel Parity Error - (Optional) Any parityerrors detected on the Source HIPPI-PHdata should be flagged by transmitting PPas a 1. PP shall be stretched to between 6ms and 9 ms to guarantee transmission overthe link. The status of PP should be madeavailable at both the local and remote endsof the link. Persistent parallel parity errorsindicate a problem with the HIPPI-PH Sourceport.SP: Serial Parity Error - (Optional) The parity ofthe HIPPI-PH data should be checked onceagain as it is delivered from the XDEMUX infigure 1 to the HIPPI-PH Destination. Anerror at this point should be flagged bysetting SP of the transmit link to a 1. Thestatus of SP should be made available atthe local end of the link, and it should betransmitted back to the remote node if aduplex system is in use. SP shall bestretched to between 6 ms and 9 ms toguarantee transmission over the link.Assuming the transmitted Parallel ParityError signal (PP) is 0, persistent receivedSerial Parity Errors (SP = 1) indicate aproblem with the serial transmit portion of thelink.5.3.3 Overhead bits OH2, OH3 encodingWhen implemented, OH2 and OH3 provide 195

KBaud bit streams that may be used for end-to-end voice or data signalling separate from

HIPPI-PH traffic. Each OH2 and OH3 value transmitted shall cover at least eight time slots, i.e., at least 5.12 ms. When implemented, OH2 and OH3 shall be transmitted as a 1 when there is no other data to be transmitted.

5.4 Converting parallel data to serialConverting from parallel to serial occurs in theTransmitter Link Interface (TLI) functional unitshown in figure 1. Table 6 defines the 24-bitframes that will be serialized by the TLI.The bits in table 6 shall be transmitted in a leftto right sequence, i.e., B0 shall be transmittedfirst; C3 transmitted last. The data shall betransmitted in a non-return to zero fashion, i.e.,1 = light on, 0 = light off.The Link Control functional unit controls thetypes of frames transmitted with the signals:SEND_DATA:Transmit Data FrameSEND_FF0:Transmit Fill Frame 0sSEND_FF1:Transmit Fill Frame 1sDC balance shall be achieved by keeping the number of 1s transmitted as close as possible to the number of 0s transmitted. A running count shall be kept of the number of 1s and 0s transmitted in the serial stream, counting the

DISPARITY counter up for each 1 transmitted, and counting down for each 0 transmitted. The initialization point for the DISPARITY counter shall be when SEND_FF0 transitions from true to false.

NOTE — The DISPARITY counter can be implemented with an up/down counter with a range of plus or minus 31.

5.4.1 Transmit Data FrameWhen SEND_DATA = true, and there is a 20-bitdata field to transmit, then the TLI shall appenda 4-bit coding nibble to the 20-bit data field; ifFLAG = 0 then coding nibble = 1101, if FLAG =1 then coding nibble = 1011.

ANSI X3.xxx-199x99DC balance shall be achieved by keeping the number of 1s transmitted as close as possible to the number of 0s transmitted. As with the

DISPARITY counter, the number of 1s and 0s in each 24-bit Data Frame to be sent shall be counted in the NEW counter. The NEW counter shall be initialized for each new 24-bit

Data Frame; it is not a running count of all 24- bit Data Frames transmitted. If the sign of the

NEW counter is the same as the sign of the

DISPARITY counter, then the bits in the 24-bit

Data Frame shall be inverted before being transmitted serially. For example, compare the first two rows in table 6.

5.4.2 Transmit Fill Frame 0When SEND_FF0 = true, the TLI shall transmit24-bit Fill Frame 0s (FF0) as defined in table 6.Since FF0 has an equal number of 1s and 0s, itis already DC balanced. FF0s are used duringa link reset operation. (See 7.3.1.)5.4.3 Transmit Fill Frame 1When SEND_FF1 = true, the TLI shall transmit24-bit Fill Frame 1s (FF1) as defined in table 6.SEND_FF1 = true occurs during a link resetoperation. (See 7.3.2.)Note that in table 6 there are two Fill Frame 1s,

FF1H and FF1L. FF1H contains more 1s than

0s, and FF1L contains more 0s than 1s. To achieve DC balance FF1Ls shall be transmitted when the sign of the DISPARITY counter is positive, and FF1Hs shall be transmitted when the sign of the DISPARITY counter is negative.

5.5 Transmit section clock signalsThe serial data stream shall be transmitted at arate of 48 times the HIPPI-PH CLOCK rate, i.e.,48 x 25 MBaud = 1.2 GBaud. The TLI shall setTLI_UNLOCK = 0 when the TLI clock multiplieris stable and locked.Table 6 — 24-bit frame structure

24-bit frame

Data field

Coding nibbleInterpretation

B 0 B 1 9 C 0 C 1 C 2 C 3

XXXXXXXXXXXXXXXXXXXX1101Data Frame, FLAG = 0, Data True

XXXXXXXXXXXXXXXXXXXX0010Data Frame, FLAG = 0, Data Inverted

XXXXXXXXXXXXXXXXXXXX1011Data Frame, FLAG = 1, Data True

XXXXXXXXXXXXXXXXXXXX0100Data Frame, FLAG = 1, Data Inverted

111111111100000000000011Fill Frame 0(FF0)

111111111110000000000011Fill Frame 1, Heavy(FF1H)

111111111000000000000011Fill Frame 1, Light(FF1L)

XXXXXXXXX10XXXXXXXXX1100Reserved Frame

XXXXXXXXX01XXXXXXXXX0011Reserved Frame

XXXXXXXXX0XXXXXXXXXX1100Frame Error

XXXXXXXXX11XXXXXXXXX1100Frame Error

XXXXXXXXXXXXXXXXXXXX1010Frame Error

XXXXXXXXXXXXXXXXXXXX0101Frame Error

XXXXXXXXXXXXXXXXXXXXX00XFrame Error (no Master Transition)

XXXXXXXXXXXXXXXXXXXXX11XFrame Error (no Master Transition)

ANSI X3.xxx-199x10106 Receive sectionThe receive section consists of the ReceiverLink Interface (RLI), XDEMUX, SUBDEMUX,and Decode functional units shown in the lowerportion of figure 1. The receive sectiondecodes the serial stream, frames the signals,checks for errors, and outputs parallel signals.6.1 Receive section clock signalsNote that the FF0 pattern in table 6 results in a square wave with 12 consecutive 1s followed by

12 consecutive 0s. Also notice that a 1 to 0, or

0 to 1, transition, called the Master Transition, occurs at the coding nibble bits C1 to C2. The

Master Transition shall be used for synchronizing the Master Transition Clock, and shall be used to frame groups of 24 bits into the 24-bit words shown in table 6. The Master

Transition Clock shall be locked to the Master

Transitions in the received serial data stream, e.g., with a phase locked loop. The received serial data stream shall be strobed at a rate of

24 times the Master Transition Clock rate to recover the bits.

NOTES1 The Master Transition Clock rate is initially derivedfrom the FF0 square wave during the resetoperation. (See 7.3.1.) When passing data, theMaster Transition Clock rate is maintained bysynchronizing to the Master Transition occurringevery 24 bits.2 The Master Transition Clock should have thesame long-term tolerance as the HIPPI-PH CLOCKsignal since it is directly derived from it. HIPPI-PHspecifies a – 0.01% tolerance for the transmittedCLOCK signal.3 The Master Transition Clock rate is twice the

HIPPI-PH CLOCK rate, i.e., 50 MHz. The bit clock rate for strobing the received serial data stream operates at 24 times that rate, i.e., 1.2 GHz.

4 A clock recovery circuit for 50 MHz should be simpler than for a 1.2 GHz. A simple, easily integrated, Phase Locked Loop (PLL) clock recovery mechanism utilizing this Master Transition is described in references [1-5] in annex E.

6.2 Operating on the 24-bit framesThe RLI shall signal the type of 24-bit framereceived based on the values in table 6. Onlyone of the following signals shall be true foreach 24-bit frame received.DATA_DET: a Data Frame was detectedFF0_DET:an FF0 was detectedFF1_DET:an FF1H or FF1L was detectedFE_DET:a Frame Error was detectedReserved Frames should never be sent or received, but future enhancements to HIPPI-

Serial may define uses for the reserved frames.

Any reserved frames received shall be discarded without interpretation. Violations of this guideline may result in loss of upward compatibility.

6.2.1 Receiving Data FramesA 24-bit frame with a binary coding nibble valueof 1101, 0010, 1011, or 0100, i.e., the first fourrows of table 6, is called a Data Frame. If thecoding nibble of a Data Frame indicates thatthe data is inverted, then the 20-bit data fieldshall be inverted before being passed to theXDEMUX. The FLAG signal shall also bederived from the coding nibble as defined intable 6.6.2.2 Receiving Fill Frame 0 (FF0)Receiving an FF0 indicates that a resetoperation is underway. (See 7.3.1.) TheREQUEST, PACKET, BURST, signals to theHIPPI-PH Destination, and the READY andCONNECT signals to the HIPPI-PH Source,shall be set to zeros. A parity error shall beforced in the data sent to the HIPPI-PHDestination.NOTE — A simple way to force parity errors in agiven HIPPI word is to set all of the data and paritybits to the HIPPI-PH Destination to 0. BecauseHIPPI-PH uses odd parity, all four parity bits willappear to have parity errors.6.2.3 Receiving Fill Frame 1 (FF1)Receiving a FF1 indicates that a reset operationis underway. (See 7.3.2.) The REQUEST,PACKET, BURST, signals to the HIPPI-PH

ANSI X3.xxx-199x1111Destination, and the READY and CONNECTsignals to the HIPPI-PH Source, shall be set tozeros. A parity error shall be forced in the datasent to the HIPPI-PH Destination.6.2.4 Receiving Frame ErrorsA Frame Error, FE_DET, as defined in table 6,shall cause the following:— A parity error shall be forced in the datasent to the HIPPI-PH Destination.— The HIPPI-PH REQUEST, PACKET, andBURST signals to the HIPPI-PH Destinationshall be maintained at their previous values.See annex C.2 for a discussion oframifications of maintaining these signals atthe previous value.— The M0/M1 time slot shall be advanced,and the functions encoded in M0 and M1shall be maintained at their last value.— Two consecutive Frame Errors shall causethe link to be reset. (See 7.3.1 for resetdetails.)6.3 Decoding 20-bit data fieldsThe 20-bit data fields signalled by DATA_DET= 1 are processed by the XDEMUX functionalunit shown in figure 1. The 20-bit data field withFLAG =0, and the following 20-bit data fieldwith FLAG = 1 shall be combined to form a 40-bit words. The 40-bit words shall be decodedas defined in table 1.As specified in 4.5.2, 32-bit (800 Mbit/s) HIPPI-Serial variants use only one link as shown infigure 1, and shown as link "a" in table 1, i.e.,the 40-bit words correspond to HIPPI data bitsD00 - D31.As specified in 4.5.2, 64-bit (1600 Mbit/s)HIPPI-Serial variants use two separate physicallinks in parallel; called links "a" and "b" in table1. The serial data stream on fiber "a" carriesHIPPI data bits D00 - D31. The separate serialdata stream on fiber "b" carries HIPPI data bitsD32 - D63. The F0 and F1 signals present inboth the "a" and "b" links shall be used to timesynchronize the two links, i.e., get the right D00- D31 and D32 - D63 together. The serial datastreams on links "a" and "b" shall be timealigned, by matching or trimming the cablelengths, so that there is £ 22 ns between F0 oncable "a" and F0 on cable "b".6.4 Decoding F0, F1 into REQUEST,PACKET, and BURSTThe F0 and F1 bits of the 40-bit word shall bedecoded into the REQUEST, PACKET, andBURST signals as defined in table 2. TheREQUEST, PACKET and BURST signals shallbe transmitted to the HIPPI Destination on thesame CLOCK used to transmit the HIPPI datasignals of that 40-bit word. This function isdone in the Decode functional unit of figure 1.64-bit (1600 Mbit/s) HIPPI-Serial variants shalluse only the F0 and F1 signals from the "a" linkto decode the HIPPI-PH REQUEST, PACKET,and BURST signals.6.5 Decoding M0, M1 into CONNECT,READY, and OHnThe M0 and M1 bits of the 40-bit word shall be used to decode the CONNECT, READY, and

Overhead bits as defined in table 3. Note that multiple occurrences of the M0 and M1 bits are required to construct the CONNECT and

READY signals. A four-HIPPI-PH-CLOCK-cycle wide READY indication shall be transmitted to the HIPPI Source if two out of three READY "n" signals = 1, where n = a, b, or c. CONNECT signals shall be processed in the same manner.

The CONNECT and READY signals, without further processing, shall meet the requirements of X3.183, HIPPI-PH, i.e., be careful of their relative timing on the transmit side. There is no requirement that CONNECT or READY be passed to the HIPPI Source with the same

CLOCK used to transfer the HIPPI data signals of that 40-bit word. An example circuit to decode the M0 and M1 signals is described in annex A.2 and shown in figure A.2. This function is called the SUBDEMUX in figure 1.

NOTE — The bits corresponding to M0 and M1 on link"a" are held to zero on link "b". This ensures that a64-bit (1600 Mbit/s) HIPPI-Serial variant will notoperate if the cables are reversed, i.e., CONNECTand READY will never be true.

ANSI X3.xxx-199x12127Link Control7.1Link Control output signalsThe Link Control functional unit is shown infigure 1. There are identical Link Controlfunctional units at the local and remote ends ofa link. For the purposes of describing some ofthe HIPPI-Serial operations, the following logicaloutput signals from the Link Control functionalunit are assumed:SEND_DATA - Signals the TLI to transmitData Frames. (See 5.4.1.)SEND_FF0 - Signals the TLI to transmit FF0.(See 5.4.2.)SEND_FF1 - Signals the TLI to transmit FF1Hor FF1L. (See 5.4.3.)7.2Link Control input signalsLikewise, the following logical input signals tothe Link Control functional unit are assumed:DATA_DET - Indicates that the RLI hasdetected a Data Frame. (See 6.2.1.)FF0_DET - Indicates that the RLI hasdetected a Fill Frame 0 (FF0). (See 6.2.2.)FF1_DET - Indicates that the RLI hasdetected a Fill Frame 1 (FF1H or FF1L). (See6.2.3.)FE_DET - Indicates that the RLI has detecteda Frame Error. (See 6.2.4.)TLI_UNLOCK — Indicates that the clockmultiplier in the TLI is not locked. (See 5.5.)Single bit errors in the received serial streamcan cause FF0s, FF1s, and Data Frames to beconfused. Therefore, FF0, FF1, and FE_DETshall only be considered true when twoconsecutive frames give the same indication.In this specification, this two consecutiveindications is called a debounced signal.7.3Link resetThe links shall be reset at power-on, and whentwo consecutive Frame Errors are detected asspecified in 6.2.4. The Link reset statediagram, as shown in figure 2, consists of threestates. The states are uniquely defined by theserial data stream contents transmitted by theTLI when the Link Control functional unit is inthat state.The conditions to leave each state are shownnext to the arrows between states. For clarity,the conditions that cause the Link Controlfunctional unit to remain in a given state areshown on an arrow that loops back to the samestate.32-bit, (800 Mbit/s) simplex, and dual-simplex,configurations use a pair of links, and 64-bit(1600 Mbit/s) HIPPI-Serial variants use two link-pairs. Each pair of links independentlyexecutes this same reset procedure.State 0:Acquiring LockSEND_FF0

ERRORorDATA_DETFF0_DET or FF1_DETERRORState 1:Waiting for PeerSEND_FF1

FF0_DETFF1_DET or DATA_DETState 2:Sending DataSEND_DATA

FF1_DETorDATA_DET

ERRORorFF0_DETERROR = TLI_UNLOCK = 1 or FE_DETFigure 2 — Link reset state diagram7.3.1 State 0: Acquiring LockIn this State the TLI is transmitting a 50 MHz square wave, i.e., FF0, to initialize the clock recovery circuitry at the remote end RLI, and the local RLI is locking onto a similar incoming signal. All of the control signals to the HIPPI ports shall be held deasserted, and the control

ANSI X3.xxx-199x1313signals from the HIPPI ports shall be ignored.

After the transmit clock is stable and locked, i.e., TLI_UNLOCK = 0, the TLI shall transmit

FF0 across the link for at least 128 frame times

(2.56 ms) . The Link Control functional unit shall go to State 1 when its local RLI has achieved lock and framing, i.e., it detects debounced

FF0s or FF1s, and no FE_DETs, for at least

128 frame times (2.56 ms).

7.3.2 State 1: Waiting for PeerIn this state the node is ready to go, but is waiting for the other end of the link. All of the control signals to the HIPPI ports shall be held deasserted, and the control signals from the

HIPPI ports shall be ignored. The local TLI shall transmit FF1 to the other end of the link to signal that it is ready. The local node knows the other end of the link is not ready, because it is still receiving FF0. Upon receipt of debounced FF1s or Data Frames, it will know that the other end of the link is locked and ready to go. In that case the local node shall go to State 2.

7.3.3 State 2: Sending DataIn this state the TLI sends continuous DataFrames. The Link Control functional unit shallremain in this state indefinitely, until adebounced ERROR or FF0 is detected. In thatcase, the link shall return to State 0, and thereset procedure begins again.Until at least 20 ms after State 2 is reached, the

CONNECT and READY signals shall be held to zeroes. Holding the control signals to defined values avoids confusing signals to the HIPPI ports, and the 20 ms delay allows enough time to frame the M0 and M1 signals.

8Serial optical interface8.1General specificationsTables 7 to 9 include the relevant specificationsfor the optical interfaces and components forcompatibility with HIPPI-Serial at both the longand short wavelengths. Optical 10% and 90%transition times shall be measured using a FillFrame 0 (FF0) pattern.8.1.1 Optical output interfaceThe general laser transmitter pulse shape characteristics are specified in the form of a mask of the transmitter eye diagram. These characteristics include rise time, fall time, pulse overshoot, pulse undershoot, and ringing, all of which should be controlled to prevent excessive degradation of the receiver sensitivity. The parameters specifying the mask of the transmitter eye diagram are shown in figure 3.

The mask of the eye diagram for the lasertransmitters shall be measured using a receiverwith a fourth-order Bessel-Thompson transferfunction that has a 3 dB of attenuation at thereference frequency (fr) of:fr = 0.75 x Bit RateNOTE — This filter is not intended to represent thenoise filter used within an optical receiver but it isintended to provide a uniform measurementcondition. A SONET OC-24, or a Fibre Channel1062.5 MBaud, reference filter meets the necessaryrequirements when coupled to a wide band opticalreceiver.8.1.2 Optical input interfaceThe receiver shall operate at a BER £ 10-12 overthe link’s lifetime and temperature range whenthe input power falls in the range given in tables7 to 9 and when driven by a data stream outputthat fits the specified eye diagram maskthrough a cable plant as specified in tables 7 to9. The measurement shall be made by themethods of OFSTP-3 (EIA/TIA-526-3).The minimum and maximum values of theaverage received power in dB give the inputpower range to maintain a BER £ 10-12. Thesevalues take into account power penaltiescaused by the use of a transmitter with worst-case combination of transmitter spectral,extinction ratio, and pulse shape characteristics.The receiver sensitivity does not include powerpenalties associated with dispersion, jitter, orreflections from the optical path; these effectsare specified separately in the allocation ofmaximum optical path penalty. (See annex B.5for loss budget examples.)

ANSI X3.xxx-199x1414

00.150.350.650.8510.20.50.811.350—0.2Normalized time

Normalized amplitudeFigure 3 — Transmitter eye diagram mask8.2Fiber typeThe single-mode optical fiber shall conform to

EIA/TIA 492BAAA. The multimode optical fiber may be either 50 or 62.5 mm. Mixing 50 and

62.5 mm optical fiber in a single link is not allowed.

8.3Optical connectorsDuplex SC connectors, as defined in ANSI

X3.230 and JIS-C-5973, are recommended.

FC/PC and ST connectors are optional.

Table 7 — General long wavelength opticalspecifications over single-mode fiberSystem rate, length, and BER

Baud rate1.2 GBaud

Distance£ 10 km

Optical fiberSingle mode

BER (max)1 x 10-12

Optical transmitter (at output connector)

Transmitter typePigtailed laser

Center wavelength1285 to 1330 nm

Maximum spectral width (RMS)3 nm

Mean launch power—9 to —6 dBm

Allowable extinction ratio8 to 20 dB

Optical 10 to 90% transition times£ 300 ps

RIN (max)—116 dB/Hz

Optical input to optical receiver

Received optical power—22 to —6 dBm

Receiver return loss‡ 40 dB

Discrete connector return loss‡ 30 dB

Optical 10 to 90% transition time£ 360 ps

Optical path

Optical fiber core diameter8 to 10 mm

Zero dispersion wavelength1310 – 10 nm

Maximum dispersion3.5 ps/(nm x km)

Slope at zero dispersion0.095 ps/(km x nm2)

Maximum cable loss0.5 dB/km

Mean fiber plant attenuation (DC)0 to 9 dB

Recommended connectorDuplex SC

Optional connectorsFC/PC or ST

ANSI X3.xxx-199x1515Table 8 — General long wavelength opticalspecifications over multimode fiberSystem rate, length, and BER

Baud rate1.2 GBaud

Distance£ 1 km

Optical fiber50 and 62.5 mm multimode

BER (max)1 x 10-12

Optical transmitter (at output connector)

Transmitter typePigtailed laser

Center wavelength1285 to 1330 nm

Maximum spectral width (RMS)3 nm

Mean launch power—9 to —6 dBm

Allowable extinction ratio8 to 20 dB

Optical 10 to 90% transition times£ 300 ps

RIN (max)—116 dB/Hz

Optical input to optical receiver

Received optical power—22 to —6 dBm

Receiver return loss‡ 40 dB

Discrete connector return loss‡ 30 dB

Optical 10 to 90% transition time£ 360 ps

Optical path

Optical fiber core diameter50 or 62.5 mm

Minimum bandwidth450 MHz Æ km

Mean fiber plant attenuation (DC)0 to 9 dB

Recommended connectorDuplex SC

Optional connectorsFC/PC or ST

Table 9 — General short wavelength opticalspecificationsSystem rate, length, and BER

Distance:

62.5 mm optical fiber£ 300 m

50 mm optical fiber£500 m

Transmitter typeLaser

Center wavelength760 to 870 nm

Maximum spectral width (RMS)4 nm

Mean launch power—5 to —10 dBm

Received optical power— 16 dBm

Minimum bandwidth at 780 nm:

62.5 mm optical fiber160 MHz Æ km

50 mm optical fiber400 MHz Æ km

Mean fiber plant attenuation (DC)0 to 4.0 dB

ANSI X3.xxx-199x1616Annex A(informative)Implementation suggestionsA.1 Example SUBMUX circuitFigure A.1 shows a block diagram of anexample SUBMUX circuit used to generate theM0 and M1 signals. The pulse width controlcircuits guarantee that the three adjacentCONNECT and READY bits are identical, andthat only legal transitions on these signals aretransmitted. A divide by 32 (0.8 MHz) signalfrom the 25 MHz divider circuit is used for thealternating 1/0 OH8 framing signal.A.2 Example SUBDEMUX circuitFigure A.2 shows a block diagram of anexample SUBDEMUX circuit used to decodethe received M0 and M1 signals. The SyncControl and Compare circuits are used to detectthe alternating 1/0 pattern on OH8, therebyproperly framing the Overhead bits. Thecircuitry performs a majority vote on the threeadjacent bits to produce a CONNECT orREADY signal which is immune to single biterrors. Before delivery to the local HIPPI-PHSource port, the CONNECT and READY signalsshould be stretched to at least 4 HIPPI-PHCLOCK periods to conform to ANSI X3.183,HIPPI-PH, subclause 7.7.

A.3 TLI and RLI availabilityHewlett-Packard part number HDMP-1012 is anexample of a suitable TLI, and part numberHDMP-1014 is an example of a suitable RLIand Link Control. This information is given forthe convenience of the users of this standardand does not constitute an endorsement byANSI, or other publisher of this standard, ofthese products.

ANSI X3.xxx-199x1717Pulse WidthControl Circuit

4 : 1Multiplexer

OH1CONNECT4 : 1Multiplexer

Pulse WidthControl Circuit

READY

OH8(0.8 MHz)Divideby 32

25 MHzCLOCK

32M1(CONNECT and OH1 - OH4)M0(READY and OH5 - OH8)

To40 : 20MuxOH2OH3OH4OH5OH6OH7

Figure A.1 — SUBMUX block diagram

1 : 4Demultiplexer1 : 4DemultiplexerMajorityvote logic

31 : 4Demultiplexer1 : 4DemultiplexerMajorityvote logic

3Divideby 3225 MHzCLOCK

2CompareSync Control

OH8(0.8 MHz)

2M0(READY and OH5 - OH8)M1(CONNECT and OH1 - OH4)CONNECTREADY

From40 : 20MuxOH1OH2OH3OH4OH5OH6OH7

Figure A.2 — SUBDEMUX block diagram

ANSI X3.xxx-199x1818Annex B(informative)Additional optical informationB.1 Eye measurements with an oscilloscopeThe eye diagram parameters should be directlymeasured from the display of an oscilloscopetriggered off of the source node�s serial transmitbit clock. An oscilloscope bandwidth of at least10 GHz should be used. The scope should beplaced in infinite persistence mode and a totalof approximately 20 million samplesaccumulated. This would require 5 to 10minutes on typical sampling oscilloscopes. Alleyes should be measured while the link istransmitting random data.The optical receiver used to measure theseeyes should have a sensitivity of better than—25 dBm at a bit error rate of 10-12 and a linearfrequency response bandwidth of at least 5GHz.The eye measurements should be performedwith a 223—1 bit Pseudo-Random Bit Sequence.This sequence can be used directly, or can beencoded in the method presented in thisdocument. Encoding can be accomplished byconverting the 223—1 PRBS serial sequence toa sequence of 32 bit words, plus 4 parity bits,and then inputting them to the HIPPI-Serialinputs as normal HIPPI input data.B.2 Optical powerThe optical power at the fiber connectors should be measured using a calibrated power meter with Fill Frame 0 being transmitted. This corresponds to a 50 MHz square wave test signal.

B.3 Optical spectrumThe center wavelength and spectral width ofthe transmitted optical signal should bemeasured using an optical spectrum analyzer.The patch cable used to couple the light fromthe fiber connector to the analyzer should beshort to minimize spectral filtering by the patchcable. A 223—1 PRBS should be used as thetest pattern for testing the optical spectrum.B.4 Eye safetyThe maximum coupled power limits within thisspecification comply with the present IEC-825standard for Class 1 eye safety.B.5 Loss budget examplesExample loss budgets are given for typicalconfigurations, and the basis for the losses areincluded.B.5.1 Typical connector lossesFor the loss budget examples, typicalspecifications for single-mode connectors areassumed to be:Mean connector loss £ 0.25 dBStandard deviation of connector loss0.1 dBMinimum optical return loss 30 dBIt is recommended that in a 10 km single-modelink no more than eight connectors be usedbetween the optical transmitter and opticalreceiver .Typical specifications for multimode connectorsare:Mean connector loss £ 0.11 dBStandard deviation of connector loss0.15 dBMinimum optical return loss 30 dBIt is recommended that in a multimode link nomore than eight connectors be used betweenthe optical transmitter and optical receiver .

ANSI X3.xxx-199x1919B.5.2 Splices lossesFor the loss budget examples, the following isoffered as the basis for the splice losses. It isassumed that a cable splice will be located ateach end of the optical fiber plant and thatthere will be one splice per kilometer of cable.Two splices are assumed to be required forfuture optical fiber plant maintenance. Thetotal number of splices in a system will then be:Number of splices = 4 + (link length in km)The characteristic of the system single-modesplices are assumed to be:Mean splice loss £ 0.15 dBStandard deviation of splice loss0.1 dBThe characteristic of the system multimodesplices are assumed to be:Mean splice loss £ 0.08 dBStandard deviation of splice loss0.05 dBThe maximum number of splices in amultimode link is six.B.5.3 Single mode loss budget example+ Minimum laser launch power— 9 dBm— Mean Plant Attenuation (DC) — 9 dBfor 10 km system— Three standard deviations of — 1.4 dBsystem loss: 3�‘‘‘‘N˚s2 whereN is the number ofconnectors/splices— Optical receiver sensitivity— 22 dBm

= Minimum unallocated optical + 2.6 dBpower marginB.5.4 62.5 mm loss budget example+ Minimum laser launch power— 10 dBm— Maximum optical fiber loss— 1.4 dB— Mean connector loss (8 each)— 0.9 dB— Mean splice loss (6 each)— 0.5 dB— 3s loss— 1.4 dB— Optical receiver sensitivity— 16 dBm

= Minimum unallocated optical + 1.8 dBpower marginB.5.5 50 mm loss budget example+ Minimum laser launch power— 10 dBm— Maximum optical fiber loss— 1.8 dB— Mean connector loss (8 each)— 0.9 dB— Mean splice loss (6 each)— 0.5 dB— 3s loss— 1.4 dB— Optical receiver sensitivity— 16 dBm

= Minimum unallocated optical + 1.4 dBpower marginB.5.6 Multimode with 1300 nm laser lossbudgetFor the case of 1300 nm lasers and multimodeoptical fiber, the link is dispersion limited to 1km and loss is a secondary consideration.

ANSI X3.xxx-199x2020Annex C(informative)HIPPI-PH signal relationshipsC.1 REQUEST, PACKET, and BURSTThe HIPPI-PH signalling protocol specifies onlyfour legal states of the REQUEST, PACKET,and BURST signals:— The IDLE state is defined as REQUEST,PACKET, and BURST, all deasserted.— The REQUEST state is when onlyREQUEST is asserted. This occurs when theSource is trying to make a connection.— The PACKET state corresponds to bothREQUEST and PACKET asserted, andBURST deasserted. This signifies thebeginning of a packet, or the gap betweensuccessive BURST states.— The BURST state is when REQUEST,PACKET, and BURST are all asserted. Thisoccurs when the link is transmitting a burst ofdata.All other combinations of the REQUEST,PACKET and BURST signals are defined asillegal in HIPPI-PH and are assigned to IDLE.Thus a HIPPI Source sequence error will causethe REQUEST line to be deasserted, and theconnection will have to be reestablished at theHIPPI level. Note that this error does not causethe links to be reset.C.2 Control signals during errorsWhen Frame Errors, i.e., not Data Frames, aredetected, the HIPPI-PH REQUEST, PACKET,BURST, CONNECT, and READY control signalsto the HIPPI-PH port are maintained at theirprevious values.In other words, the control signals should notchange from what they were in the previousData Frame. This action is important becauseon a Frame Error the control signals may beinverted or scrambled. It is undesirable for theHIPPI port to receive scrambled control signals.Holding the HIPPI-PH control signals to theirprevious value on Frame Errors is quite robust.In general these control signals switch relativelyinfrequently, so they would naturally have theirprevious value at least 75% of the time. Inaddition, holding the control signals constantand forcing a parity error in the data to theHIPPI port will result in no error unless data wasbeing transferred, or an error that the HIPPIport may detect as a sequence error.The following cases show what will occur if aFrame Error is received when the HIPPIconnection is in various states. In each case,REQUEST, PACKET, BURST, CONNECT, andREADY are held in the state described. Theissue is how the HIPPI-PH port will react, andwhat effect the parity error forced into the datawill have. These descriptions refer tooperations defined in ANSI X3.183, HIPPI-PH.C.2.1 Case 1No connection - REQUEST and CONNECTdeasserted —The HIPPI-PH Destination should not beaffected by the occurrence of parity errors sincethere is no active connection.C.2.2 Case 2Connection in process - REQUEST asserted,CONNECT deasserted —A parity error will be forced in the I-Field, but theDestination will only act on it if it occurs whenthe Destination is sampling the I-Field.Normally, the I-Field is read when REQUESTgoes true. In that case the I-Field will be valid,as REQUEST can only transition on a DataFrame. In any case, if a parity error is detectedin the I-Field, the I-Field should be sampledagain, or the connection refused.

ANSI X3.xxx-199x2121C.2.3 Case 3Connection complete, no packet in process -REQUEST and CONNECT asserted, PACKETdeasserted —The HIPPI-PH Destination should not beaffected by the occurrence of parity errors sinceno data is being transferred.C.2.4 Case 4Connection complete, packet in process, nodata moving - REQUEST, CONNECT andPACKET asserted, BURST deasserted —The HIPPI-PH Destination should not beaffected by the occurrence of parity errors sinceno data is being transferred.C.2.5 Case 5Starting a burst - REQUEST, CONNECT, andPACKET asserted, BURST transitions toasserted.Since BURST will be held low, the burst will beshortened by one word. A bad LLRC shouldresult. The data parity error that was forced willprobably be ignored by the Destination HIPPI.C.2.6 Case 6Connection complete, passing data -REQUEST, CONNECT, PACKET, and BURSTasserted.A data parity error will be detected by theDestination HIPPI and any re-transmission willneed to be requested by an upper-layerprotocol.C.2.7 Case 7Connection complete, passing LLRC -REQUEST, CONNECT, and PACKET asserted,BURST transitions to deasserted.The BURST signal will be held asserted,stretching the burst by one word, and a parityerror will be forced into the data. If the nextframe is a Data Frame, then the word followingthe true LLRC will be interpreted as the LLRC.This will almost certainly be in error. The HIPPI-PH Destination will see both the data parityerror and a bad LLRC.C.2.8 Case 8Inter-packet gap - REQUEST and PACKETtransition from true to false.PACKET is required to be false at thedestination for only one HIPPI clock cycle.Therefore, for the case of packets beingtransmitted at the maximum rate, it is possibleto concatenate two packets, forming a singlepacket. This is an error that should be caughtby a higher-layer protocol. The forced parityerror will be ignored. If the PACKET spacing isgreater than one HIPPI clock cycle, the HIPPI-PH Destination should not be affected by theoccurrence of parity errors since no data isbeing transferred.C.2.9 Case 9A Frame Error occurs on some other HIPPIcontrol signal transition.The HIPPI signal(s) will be displaced by oneclock. In most cases this will not be a problem.Problems may be caught by the HIPPI-PHDestination checking for the timing relationshipsspecified in ANSI X3.183, HIPPI-PH, subclause7.9.

ANSI X3.xxx-199x2222Annex D(informative)HIPPI-PH ExtenderA HIPPI-Serial Extender is an external unit thathas a ANSI X3.183, HIPPI-PH, compliant porton one side, and HIPPI-Serial compliant port onthe other side. For example, in figure 1, theHIPPI-PH signals on the left side of the figurewould connect to another HIPPI-PH port with acopper twisted-pair cable. The Overhead bitswould remain within the HIPPI-Serial Extenderand not connect to the HIPPI-PH ports. Theserial data streams on the right side wouldconnect to another HIPPI-Serial unit.HIPPI-Serial Extenders provide a communica-tion facility that extends the physical range ofHIPPI ports beyond the 25 m limitationimposed by the twisted-pair copper cables.Other than extended range, the user shouldsee no difference in operation when usingHIPPI-Serial either as an external Extender orintegrated into a HIPPI node.D.1 HIPPI-PH signalsThe HIPPI-PH signals in figure 1 should fullycomply with X3.183, HIPPI-PH, including themechanical and electrical specifications as wellas the signalling protocol.D.1.1 INTERCONNECT signalsThe INTERCONNECT signals from the HIPPInode to a HIPPI-Serial Extender are not usedfor any control functions, but may drive statusindicators. The INTERCONNECT signals from aHIPPI-Serial Extender to a HIPPI node shouldbe statically driven with 220 W resistors to VEEas defined in clause 8.2.2 of ANSI X3.183,HIPPI-PH.D.1.2 Shaping CONNECT and READY signalsSince a clock signal does not accompany theCONNECT and READY signals, using theinternal clock of a Serial-HIPPI implementationto strobe the CONNECT and READY signalsmay result in internal signals wider or narrowerthan expected due to sampling as the signalsare changing. As specified in 6.5, theCONNECT and READY signals should beshaped to be a minimum of four HIPPI-PHCLOCK cycles wide.D.1.3 Losing READY indicationsIf the HIPPI Destination has a faster CLOCKthan the Serial-HIPPI implementation, and theDestination sends long sequences of minimumwidth READY signals, i.e., continuous back-to-back eight-CLOCK-period READY indications,then there is the possibility of losing one in5000 READY indications. Lost READYindications should not occur unless bothconditions are met, i.e., a pathological case.Clause 5.3.6 in ANSI X3.183, HIPPI-PH,describes the possibility of lost READYindications. HIPPI-PH, 5.3.6, does not requireSources to accept more than 63 READYindications, but Serial-HIPPI implementationsthat can accept up to 255 READY indicationswithout loss are desirable. The onset of the firstlost READY indication can be delayed throughvarious means, including but not limited to:— a design that tolerates receiving a few shortREADY indications before dropping an outputREADY indication, or;— using a flag bit or special states to indicatethat the forwarded READY indications arebehind and need to catch up, when able,e.g., when receiving more than fourcontiguous CLOCK periods of READYasserted or READY deasserted, or;— using a counter, counting up for eachREADY indication received, and countingdown for each READY indication forwarded.D.2 HIPPI-Serial Extender loopbacksThere are two desirable loopback modes fordiagnosing a fault in a HIPPI-Serial Extender:local and remote. Figure D.1 illustrates both,with local loopback designated by LLB and

ANSI X3.xxx-199x2323remote loopback designated by RLB. Thesetwo modes of loopback allow the isolation offaults to the local end, the remote end, or thefiber optic cable, enhancing maintainability ofthe system.D.2.1 Local loopbackThe task of local loopback is to test the circuitryat the local end. The local loopback pathshould therefore include as much of the circuitryat the local end as possible. Ideally this wouldbe implemented with an optical switch whichwould re-route the outgoing optical signal to thelocal optical receiver. However, a moreeconomical approach is to re-route the serialelectrical data stream from the output of the TLIto the input of the RLI. When a node is in localloopback, no data should be transmitted on theserial link.D.2.2 Remote loopbackThe task of remote loopback is to test the fiberoptic cable between nodes. Therefore, theremote loopback path should contain only thecables, and as little of the remote nodeelectronics as possible. Ideally this would beimplemented by a switch that re-routes thereceived serial electrical signal directly to theserial optical transmitter.An easy method to implement is to manuallyconnect the remote HIPPI-Serial Extender’sHIPPI-PH Source and Destination ports with aHIPPI cable. While this scheme does not offerthe advantages of the direct RLI-TLI connectiondescribed above, it is the easiest to implement.There is no need to be able to request that alocal loopback test be performed at the remotenode. If local loopback and remote loopbacktests both pass, but there is still a high errorrate on the link, the failure can be isolated tothe remote circuitry by elimination. Note thatunder catastrophic failure a remote loopbackcommand will fail, as the remote node will noteven be able to receive the command.Remote loopback is, therefore, most usefulwhen troubleshooting a high error rate thatdoes not cause complete failure of the link.When a node is requested to go into remoteloopback (echo all data back), the signalsdelivered to the HIPPI-PH port should be set tozeroes. This will break all present connections,and prevent any connections from beingestablished during remote loopback.

XMUXTLIRLIXDEMUXXDEMUXRLITLIXMUXLLBRLB

Local NodeRemote NodeFigure D.1 — Remote and local loopback

ANSI X3.xxx-199x2424D.3 HIPPI-Serial Extender front panel userinterfaceIt is desirable to include operator controlledswitches on a HIPPI-Serial Extender for:— Reset: causes a complete restart of the link— Disable 64-bit (1600 Mbit/s) mode: allows a64-bit HIPPI-Serial to operate in a 32-bit (800Mbit/s) mode— Local loopback: connects the serial outputof the TLI to the input of the RLI at the samenode— Remote loopback: requests the remotenode to echo all data back to the local nodeIt is desirable to include operator indicatorsshowing:— the state of the TLI signals, as in 7.1 and7.2;— the type of frames, i.e., as in 6.2, beingdetected by the RLI;— the state of the HIPPI control signalsincluding INTERCONNECT, REQUEST,PACKET, BURST, and READY;— local loopback, remote loopback(transmitting RL), or echoing data for theremote node (receiving RL) operation; and— the status of the Parallel Parity Error (PP)and Serial Parity Error (SP) bits.It is desirable to include connectors for transmitand receive of the Overhead bits OH2-OH7.The connector type is not specified.

ANSI X3.xxx-199x2525Annex E(informative)BibliographyThe following references describe the 20b/24bcoding used in HIPPI-Serial.[1] �A 1.5 Gb/s Link Interface Chipset forComputer Data Transmission�, Richard C.Walker, Tom Hornak, Chu-Sun Yen, JoeyDoernberg and Kent Springer, HP LabsTechnical Report HPL-90-105, July,1990.[2] �A Chipset for Gigabit Rate DataCommunication�, Richard C. Walker, TomHornak, Chu-Sun Yen and Kent Springer,Proceedings of the 1989 Bipolar Circuits andTechnology Meeting, September 18-19, 1989,pp. 288-290.[3] �Phase Locked Loop for Clock Extraction inGigabit Rate Data Communication Links�, CraigCorsetto, Tom Hornak, Richard C. Walker, Chu-Sun Yen, U.S. Patent 4,926,447, May 15,1990.[4] �DC-Free Code for Arbitrary DataTransmission�, Doug Crandall, Steve Hessel,Tom Hornak, Rasmus Nordby, Kent Springerand Richard C. Walker, U.S. Patent Pending[5] �DC-Free Line Code and Bit and FrameSynchronization for Arbitrary DataTransmission�, Tom Hornak, Benny Lai, PatPetruno, Cheryl Stout, Rick Walker, Jieh-TsorngWu, Chu Yen, U.S. Patent Pending