1Proposed Protocols for Data Transmission and Control Functionsfor theATLAS Silicon Micro-strip DetectorThe following people have contributed to this proposal or supplied useful review of it, but the presenceof their names in this list should not be construed as their approval or endorsement of its entirety:Francis Anghinolfi, Kurt Borer, Philippe Farthouat, Alex Grillo,Carl Haber, John Harton, Richard Nickerson, Tony Weidberg17-November-1994Overview:This document proposes a protocol to be used by the ATLAS Silicon Micro-stripDetector for transmitting data from the detector to the DAQ/Trigger and monitorsystems located off detector. Another protocol is also proposed for sending triggerand control function commands to the on-detector electronics. This work was startedin order to provide guidelines for on-detector ICs which must be designed andprototyped in the near future to meet the expected construction schedule of the siliconmicro-strip sub-system. Thought was given to the particular requirements of that sub-system where the on-detector part of the data transmission system must be inside theactive volume of the detector requiring low mass, low power and radiation-hardcomponents. However, the protocols at this level of definition are quite general sothat they can accommodate all three of the readout architectures still being developedfor the micro-strip detector. In a sense they provide a shell to surround data packetsof potentially different content and form. Because of this generality, the protocolscould be adaptable to other subsystems of the ATLAS Inner Detector.Several assumptions were made in designing these protocols. They are:1) The data will be transmitted from and to the detector via serial links, mostprobably optical. And these links will be highly segmented around thedetector.2) The bit error rate of these links is expected to be very low. Certainly < 10-11, but more likely < 10-14. The links going to the detector are expected tohave considerably lower error rates since the transmitters can be operated athigher light outputs from outside the detector where power is not a greatconcern.3) Because of this low error rate, no attempt is made in the data transmissionprotocol to detect or correct errors. Some attempt is made, however, tominimize the confusion of data packet boundaries due to single bit errors. Asingle bit error should not cause the loss of more than one data packet or theerroneous merging of two.4) Likewise, with the control protocol, no attempt is made to include errordetection or correction but some attempt is made to minimize problems due tosingle bit errors by choice of bit patterns.

25)  One possible implementation of optical links will use LED transmitters.To remain compatible with that technology and maximize LED lifetime, a dataformat is used to allow idle states which do not drive light or make leveltransitions.6)  It is assumed that the clocks at both ends of the data transmission line havea common source and are, therefore, synchronized.  Synchronization ofreceived data with the local clock only requires establishing a constant phaseshift which can be done via an initialization process.  The data format does nothave to provide a clock recovery scheme and is chosen not to since most suchschemes require more transitions per bit transmitted and larger bandwidth.7)  The frequency of issuing Control Function Commands to the on-detectorelectronics will be low enough and the length of the command sequence shortenough that disabling Level 1 Triggers during the transmission of suchcommands (not the execution of the commands necessarily but only thetransmission of the command to the on-detector electronics) will not introducean unacceptable dead time.8)  The trigger logic will force a gap of at least 2 beam crossing between anytwo Level 1 Triggers.  The combination of (5) and (6) allows the ControlFunctions to be transmitted on the same link as the Level 1 Triggers.Data Transmission ProtocolData from physics events as well as monitoring and status information will be sentfrom the on-board electronics in serial form using NRZ-L format.  This means that a"1" is represented as a high level (light on for optical) and a "0" is represented as alow level (light off for optical) during the bit time interval.  No return to baseline (noreturn to zero) will occur between consecutive bit levels.  Each serial link willtransmit complete data from some subset of a detector subsystem (i.e. data is notlogically multiplexed across fibers).  The actual number of channels or readoutsserviced by one link will be determined by the specific readout architecture.  Theprotocol is defined in three levels.  The first level defines a Data Packet which is incommon with all architectures and all types of data.  The second is the Data Headerwhich is also in common with all architectures but defines the type of data present inthe packet.  The third level is the actual Data Format which is specific to the readoutarchitecture.  One Data Packet will be sent for each accepted Level 1 Trigger or eachrequest for information (via control command).Data Packet:Each Data Packet will start with a Preamble consisting of the following bitpattern (data is shifted out to left with leftmost bit out first):Preamble11101 (5 bits total) ←Εαχη Δατα Παχκετ ωιλλ ενδ ωιτη α Τραιλερ χονσιστινγ οϕ τηε βιτ παττερν:Τραιλερ100000000 (9 βιτσ τοταλ) ←Βετωεεν τηε Πρεαμβλε ανδ Τραιλερ ανψ δατα λενγτη ϕιελδ ισ αλλοωεδ (ινχλυδινγζερο).

3Transmitting Algorithm for Data Packet:1.  For each data packet sent the transmitter will initiate the transmission witha Preamble.  Note that it is assumed that a Trailer has ended a preceding DataPacket and that idle cycles between Data Packets are effectively in "0" state.If an initial Data Packet is sent immediately upon power-up, transmitter mustassure that a minimum number of "0" cycles, equal to the length of a Trailer,have appeared on the link before starting the Preamble.2.  As the data is serially transmitted, the transmitter will monitor outgoingdata.  After any sequence of 7 consecutive "0"’s (one fewer than the number of"0"’s in the Trailer) , the transmitter will insert a "1" into the outgoing datasequence.  This of course does not apply when the transmitter is sending theTrailer.Receiver Algorithm for Data Packet:1.  When Receiver is in idle state (i.e. not currently accepting a Data Packet), itis constantly looking for a match to the Preamble pattern.  With each bit read,the Receiver will compare the most recently received 5 bits against each of thefollowing patterns looking for a match (leftmost bit read first):Uncorrupted Preamble11101Single bit flips1110011111110011010101101Note:  This action is immune to any single bit error within the Preamble orwithin the 5 bits preceding the Preamble.When a match is found, the Receiver goes into Receiving State.2.  When Receiver is in Receiving State (i.e. actively processing a DataPacket), it must monitor all incoming data looking for a match to the Trailerpattern.  When Trailer pattern is found, Receiver ends receipt of that DataPacket and goes to Idle State.3.  When Receiver is in Receiving State, if seven "0"’s (one less than in theTrailer) are found followed by a "1", the Receiver will remove the "1" fromthe data sequence.

4Data Header:The first 13 bits of data in a Data Packet after the Preamble will be a headerwith the following format:DT (1 bit)8 bits4 bitsleftmost read first0 => L1 dataLevel 1 #BC #←1 => Ινϕο δαταΙΔΠΤΙΔΠ #←ΔΤ (Δατα Τψπε):0:Λεϖελ 1 Τριγγερ Δατα1:Ινϕορματιον ΔαταΛεϖελ 1 #:Χυρρεντ χουντ οϕ Λεϖελ 1 Τριγγερ μοδυλο 256 σινχε τηε λαστσψστεμ ρεσετ. Τηισ ϕιελδ χαν βε υσεδ ϕορ εϖεντ βυιλδινγ βψ τηεΔΑΘ ανδ αλσο το μονιτορ ϕορ λοστ δατα. Τηε λενγτη οϕ 256 ωασχηοσεν το βε σαϕελψ λονγερ τηαν τηε Λεϖελ 2 λατενχψ ορ βυϕϕερλενγτη.ΒΧ #:Χυρρεντ χουντ οϕ Βεαμ Χροσσινγ μοδυλο 16 σινχε τηε λαστσψστεμ ρεσετ. Τηισ ϕιελδ ισ νοτ ρεαλλψ το ταγ Βεαμ Χροσσινγνυμβερσ σινχε ιτ ωραπσ αρουνδ σο θυιχκλψ. Ιτ ισ ιντενδεδ τομονιτορ ϕορ χλοχκ πυλσεσ λοστ βψ τηε ον−δετεχτορ ελεχτρονιχσ.ΙΔΠΤ:Τηε Ινϕορματιον Δατα Παχκετ Τψπε ισ αν 8−βιτ ϕιελδ το δεσιγνατεωηατ κινδ οϕ ινϕορματιον δατα ισ βεινγ σεντ. Τψπε χοδεσ αρε νοτδεϕινεδ ψετ, βυτ τηεψ χουλδ βε τηε 8−βιτ Συβ−χομμανδ χοδευσεδ ιν τηε Χοντρολ Φυνχτιον Προτοχολ το ρεθυεστ τηεινϕορματιον. (Σεε δεσχριπτιον οϕ Χοντρολ Φυνχτιον Προτοχολ ινϕολλοωινγ σεχτιον.)ΙΔΠΤ #:Χυρρεντ χουντ οϕ Ινϕορματιον Δατα Παχκετσ (ΙΔΠσ) μοδυλο⊇16ωηιχη ηαϖε βεεν σεντ σινχε τηε λαστ σψστεμ ρεσετ. Νοτε τηαττηερε ισ ονλψ ονε ρολλινγ χουντ οϕ τηε νυμβερ οϕ ΙΔΠσ ον εαχηλινκ, νοτ αν ινδιϖιδυαλ χουντ ϕορ εαχη τψπε οϕ ΙΔΠ. Τηισ ισ τομινιμιζε τηε νυμβερ οϕ χουντερσ ιν ον−δετεχτορ ελεχτρονιχσ.Τηε πυρποσε οϕ τηισ χουντ ισ το ϕαχιλιτατε δετεχτιον οϕ λοστ ΙΔΠσβψ τηε οϕϕ−δετεχτορ ελεχτρονιχσ ασ τηε Λεϖελ⊇1⊇# ισ υσεδ το δετεχτλοστ τριγγερ δατα.Λεϖελ 1 Τριγγερ Δατα:Ιϕ τηε ΔΤ ϖαλυε ιν τηε Δατα Ηεαδερ ισ ∀0∀, τηε δατα βεινγ σεντ ισ ιν ρεσπονσε τοα λεϖελ 1 τριγγερ ωιτη τηε ον−δετεχτορ ρεαδουτ σψστεμ ιν νορμαλ δατα τακινγμοδε. Τηε ϕορματ οϕ τηε ρεστ οϕ τηε Δατα Παχκετ υντιλ τηε Τραιλερ ισ δεπενδεντυπον τηε ρεαδουτ αρχηιτεχτυρε.Ινϕορματιον Δατα:Ιϕ τηε ΔΤ ϖαλυε ιν τηε Δατα Ηεαδερ ισ ∀1∀, τηε δατα βεινγ σεντ ισ ιν ρεσπονσε τοα ρεθυεστ ϕορ ινϕορματιον ϖια τηε χοντρολ σψστεμ, αν ερρορ στατυσ βεινγ ρεπορτεδ,ορ δατα ρεσυλτινγ ϕρομ τηε ον−δετεχτορ ρεαδουτ σψστεμ βεινγ ιν σομε τψπε οϕδιαγνοστιχ μοδε.

5Data Format for Silicon Micro-strip Analog Readout Architecture:The data format for this readout architecture has not been worked out in detail.Presumably, after the digital information contained in the Data Header, asequence of analog pulses will follow.  The first being a calibration pulsefollowed by a pulse for each strip readout by the serial link.  Any furtherdefinition of data format for this architecture awaits input from the groupsworking on it.Data Format for Silicon Micro-strip Digital Readout Architecture:The data format will consist of a sequence of a strip address field followed byone or more pulse height fields.  This pattern will be continued for each clusterof hits.  A cluster is defined as any group of consecutive strips whose pulseheight exceeds the threshold of the sparsification circuit.  In the case thatNeighbor Logic is active, the nearest neighbor strips of any exceedingthreshold will be included in the cluster.  The address of the cluster transmittedbefore the sequence of pulse heights will be the address of the first (or lowestaddress value) strip of the cluster.Each address field will start with a "0" in the most significant (first read) bitposition.  Each pulse height field will start with a "1" in the most significant(first read) bit position.  Since the number of bits in an address field and apulse height field are fixed, the receiving circuitry has a well determined, ifnot, trivial task to separate the data.Below is an example of a data sequence of two clusters, the first cluster having3 strips reported, the second cluster has one:0IC/Ch Adrs1PH1PH1PH0IC/Ch Adrs1PH10 bits7 bits7 bits7 bits10 bits7 bitsIC/Ch Adrs:3 bits of IC address followed by 7 bits of channel addresseach read most significant bit first.PH:7 bits of pulse height.Note:  The 10 bit of address assumes the current ATLAS baseline of 128channels per IC and 8 ICs per double sided module.  The assumeddesign will use 2 serial fibers per module initially with the possibilitythat one fiber can service the entire module if one fiber dies.  Also, the7 bit pulse height is tied to the Digitization Spec which calls for a 7-bitADC.

6Data Format for Silicon Micro-strip Binary Readout Architecture:The data format will consist sequentially of data from each readout IC in themodule.  Data from each IC will start with a Chip Header of three bits.  Ifthere are no hits in the IC, that is all the data transmitted from that IC.  If theChip Header indicates at least one hit is present, it will be followed by a 16-bitMap.  Each bit in the Map represents the OR of 8 channels in the IC.  A "1" inthe Map indicates at least one hit in those 8 channels.  Following the Map willbe a sequence of 8-bit Zoom Patterns one for each "1" in the Map.  Each bit inthe Zoom Pattern represents one channel.  A "1" in that bit position indicatesthat channel was hit.Data from an IC with not hit channels:Chip Header100Data from an IC with a hits in channels 36, 97 and 102(counting channel numbers 0-127 per IC):Chip HeaderMapZoom PatternZoom Pattern11100001000000010000000100001000010Control Function ProtocolLevel 1 Triggers and Control Function requests will be sent to the on-detectorelectronics via the same serial link.  This reduces the cost, power consumption andmaterial in the detector.  Information will be transmitted on this serial link in UnipolarRZ format running at the 40 MHz clock rate of the machine and the on-detectorelectronics.  A "1" will be represented by a high level (light on for optical) and a "0"will be represented by a low level (light off for optical) during the bit time intervalwhich will be half a clock period.  Between bit time intervals the signal will return toa low level (light off for optical).  A valid Level 1 Trigger will be denoted by threebits "110" (the "0" received last) in time with three consecutive clock pulses.  Theselected beam crossing of such a trigger will be timed to the last of the three pulsesminus a fixed level 1 latency.  This can be repeated in succession.  For example, apattern of "110110" would denote two Level 1 Triggers on beam crossings 3 and 6relative to the time of the first received pulse.Other Control Functions will be initiated by a sequence of three consecutive pulsesreading "101".  In this case, these three bits must be followed by another 4-bit fieldwhich could define any one of 16 commands.  Only 5 possible patterns of these 4 bitsare chosen for use since other patterns are less immune to misinterpretation iftransmission errors occur during a rapid sequence of Level 1 Triggers.  Four of these5 commands request immediate, fast response by the on-detector electronics (e.g.reset).  These commands require no further fields to be transmitted.  The last of thesecommands demands a following sub-command field of 8 bits to designate any one of256 commands which may require parameters and may take considerable time toexecute.  Some of these "slow" commands may even put the electronics into a non-data taking mode.  The number of fields and their length following each sub-command are determined by the specific command and a fixed (not variable) for eachcommand.  We have not defined any of these commands yet (some examples are

7given below).  Some command codes should be in common across readoutarchitectures but many will be specific to one type.  Most of these command codesawait a definition of the control architecture, but this protocol should be genericenough to service all that is planned.One of the possible parameters required for a "slow" command might be a chip ID sothat the command will only apply to a single front-end chip.  For example, if thecommand is to load a mask register, only one chip is specified and only one mask isshipped as part of the parameter list.  A restriction is placed upon any commandwhich requests information to be returned by the on-detector electronics.  Any suchcommand must not specify a chip ID but rather must be global to all chips serviced bythe link carrying the command.  This simplifies the on-detector electronics in thatData Packet are formed in the standard way for all types of data or information.The following table summarizes some possible Trigger/Control messages (specificCommands and Sub-commands are only examples):CodeCommandSub-commandParametersDescription(3 bits)(4 bits)(8 bits)(depends uponSubcommand)110nonenonenoneLevel 1 Trigger1010100nonenoneGlobal Reset1010010nonenonenot yet defined1011110nonenonenot yet defined1010101nonenonenot yet defined10101110000 0000noneTurn off Clock-thru-mode10101110000 0001noneTurn on Clock-thru-mode10101110100 00010011,128-bit maskSet Mask Registerfor chip 310101111000 0001noneRead MaskRegister for allchips10101110100 0100000100 1000Set Threshold DACon chip 1 to 810101111000 0100noneRead ThresholdDAC for all chips