3 Juillet 19953 JULY 1995TRIGGER & DAQINTERFACES WITH FRONT-END SYSTEMS:REQUIREMENT DOCUMENT(DRAFT 1.4)Draft document for discussion Atlas Trigger-DAQ Steering GroupComments to farthouat@vxcern.cern.ch or ledu@hep.saclay.cea.frAbstractThe Trigger/DAQ system is the central place where all signals and data comingfrom each sub-detector front-end electronic system will be integrated in a uniformway. This document describes the functional partitioning of the overall system andspecifies the interfaces between the front-end electronics and the trigger, DAQ anddetector-control systems.

1Table of ContentsGlossary of terms................................................................................................... 21. Overview........................................................................................................... 41.1. Introduction......................................................................................... 41.2. Document organisation....................................................................... 41.3. Main parameters................................................................................. 72. Identification of components............................................................................. 92.1. Front-end electronics subsystem....................................................... 102.2. Read-Out Driver (ROD)................................................................... 102.3. Read-Out Link.................................................................................. 102.4. Read-Out Buffer (ROB)................................................................... 102.5. Level-1 trigger system...................................................................... 112.6. Timing, Trigger and Control (TTC) system..................................... 112.7. Detector Control System (DCS)....................................................... 113. Main issues...................................................................................................... 133.1. Partitioning and Integration.............................................................. 133.2. Physical readout partitioning............................................................ 133.3. Error detection and error recovery.................................................... 133.4. Initialisation and reset....................................................................... 143.5. Timing of the experiment................................................................. 143.6. Engineering issues............................................................................ 154. T/DAQ — Front-end Boundaries...................................................................... 164.1. Front-end electronics system............................................................ 164.1.1. Level-1 pipeline................................................................. 164.1.2. Derandomizer.................................................................... 164.1.3. Front-end link.................................................................... 164.2. Read-Out Driver............................................................................... 174.3. Read-Out Link.................................................................................. 174.4. Read-Out Buffer............................................................................... 174.5. Timing, Trigger and Control system................................................ 184.6. Detector Control System................................................................... 185. Requirements and rules................................................................................... 195.1. FE Electronics System...................................................................... 195.1.1. Level-1 Pipeline................................................................. 195.1.2. Derandomizer size............................................................. 215.2. Read-Out Driver............................................................................... 235.3. Read-Out Link.................................................................................. 265.4. Read-Out Buffer............................................................................... 265.5. Timing, Trigger and Control system................................................ 275.6. Detector Control System................................................................... 30

2Glossary of termsBCBunch Crossing.BCIDBunch Crossing Identifier. Number that defines the bunch crossing at which an eventoccurred. �Potential� bunch crossings are numbered 0 to 3563 per LHC orbit, startingwith the first following the LHC extractor gap.BCRBunch Counter Reset. Signal broadcast by the TTC system once per LHC orbit (89 ms) tocontrol the phase of the local bunch counters.CTPCentral Trigger Processor. The place where the LVL1 trigger is generated.DCSDetector Control System.DerandomizerPlace where the data corresponding to a LVL1 trigger accept are stored before being readout.ECREvent Counter Reset. Signal broadcast by the TTC system to reset the local eventcounters.Fast ControlsControl signals broadcast by the TTC system in synchronism with the LHC clock andorbit, such as BCR, ECR, Clear, Run, Pause, Restart, Abort, Stop, selective Resets andsynchronous Test commands.FEFront-End.FE linkLink between the derandomizer and the ROD, through which the data are transmitted.Level-1 trigger pipeline (LVL1 pipeline)Pipeline included in the FE electronics which retains the data until the L1A is received.LVL1, LVL2, LVL3Abbreviations for level-1, level-2 and level-3 and for the associated trigger systems.L1ALVL1 trigger Accept signal produced by the Central Trigger Processor (CTP) when anevent has met the LVL1 trigger criteria.Read-out Buffer (ROB)Module which receives data from the ROD, stores them and makes them available to the

3LVL2 trigger processors and, for LVL2-selected events, to the LVL3 trigger processors.Read-out Driver (ROD)Module which gathers data from the derandomizers over one or more FE links and buildspieces of events to be sent to the Read-out Buffer (ROB).RO linkLink between ROD and ROB through which the data are sent at the event rate of theLVL1 trigger.ROIRegion Of Interest.Standard TTC SystemSystem which allows the distribution of timing, trigger and control signals, using thetechnology developed in RD12 and described in TTCdoc. The system delivers thestandard TTC signals such as the LHC clock, L1A and Fast Controls, and provides forthe distribution of other detector-specific commands and data.TTCdocDocumentation on the TTC system. Available at http://www.cern.ch/TTC/intro.html. Seealso �Timing, Trigger and Control Distribution for LHC Detectors�, B.G. Taylor,CERN/ECP.TTCrxTTC receiver ASIC chip set which delivers the decoded and deskewed TTC signals,bunch and event counters required by FE electronics controllers.T/DAQTrigger-DAQ.

41. Overview1.1. IntroductionThe main goal of this document is to define minimum requirements to:¥ Allow the design of a Trigger/DAQ (T/DAQ) system that is able to run smoothly andis easy to maintain.¥ Ensure easy integration of sub-detectors in the DAQ system.¥ Allow each sub-detector to work independently and concurrently.¥ Allow concurrent and independent calibrations.¥ Allow the different detectors to run together with the minimum possible overalldeadtime. A small local deadtime for each sub-detector level may lead to a largeoverall deadtime if deadtime is not handled in a uniform way.¥ Allow efficient error-detection and error-recovery systems.¥ Standardise within the experiment as many elements as possible.¥ Optimise the LVL2 trigger tasks that retrieve data from regions of interest (ROI).¥ Define a global strategy for timing, trigger and control distribution.¥ Enable safe and coherent operation of the detector.This document sets out:¥ Statements concerning the boundaries between front-end (FE) and T/DAQ systems.¥ Specified and justified requirements to the FE groups.¥ Specifications of the physical interfaces between the FE systems and the T/DAQsystem.¥ Specifications of the protocols used between the FE systems and the T/DAQ system.¥ Specifications of a minimum raw data format.¥ Specification of the boundaries between the sub-detector hardware and the detector-control system (DCS).1.2. Document organisationThe ATLAS T/DAQ readout system and Detector Control system are partitioned intosubsystems, typically associated with sub-detectors, which have the same logicalcomponents and building blocks. Overall standardisation of all basic common elementsis the only way to minimise cost and maintenance and evolution problems over the next15—20 years corresponding to the lifetime of the experiment. Effort should be made froman early stage to break the project down into functional units and their interfaces, and todefine standard common features and protocols for each logical element.

5The Technical Proposal presented the concept of the readout system (Fig. 1). This�requirements� document attempts to define very clearly the interface boundariesbetween the T/DAQ system and the front-end electronics subsystems in order to allowcompletion of front-end electronics design soon, as required for some detectors. A futurestep will be a technical design document (TDD) that will propose an implementation tomeet these requirements.DetectorLevel 1 PipelineDerandomizerFE LinksRODRO LinksROBEvent BuildingData Storage Trigger level 2 and 3 Processors FarmFront End Electronics System(FEES)2.5 ms10 msRoI’sL2AL1ABCFig. 1 Functional view of the readout systemIn Section 2 of this document, the different components of the system, from the FE up tothe ReadOut Buffer (L2 trigger buffer) will be identified, including the Timing, Triggerand Control system and the Detector Control System:¥ FE electronics including LVL1 pipeline and derandomizer.

6¥ FE links.¥ Read-out Driver (ROD).¥ RO links to Read-out Boards (ROB).¥ Read-out Boards (ROB) including LVL2 buffer.¥ Timing, Trigger and Control system (TTC).¥ Detector Control System (DCS).In Section 3, the main issues will be addressed:¥ Partitioning and integration:¥ T/DAQ, TTC and DCS should be partitioned in a consistent way which allowsconcurrent and independent calibration, stand-alone data-taking and integratedrunning.¥ Physical readout partitioning:¥ When involved in the LVL1 trigger, the detector groups have to provide triggersignals matching trigger towers directly to the LVL1 trigger system.¥ When involved in the LVL2 trigger, the detector groups have to group channelsto match trigger towers and ROIs, or subsets of them.¥ System engineering aspects like redundancy and reliability must be considered.¥ Error recovery:¥ The overall system will contain tens of thousands of elements running at highspeed. The risk of error is therefore not negligible, and a consistent error-recovery mechanism should be foreseen for all the elements to avoid having tostop data-taking each time an element fails.¥ Strategy for timing in the experiment:¥ We need a single coherent backbone for distributing timing, trigger andsynchronous control signals. The system must provide for the programmableadjustment of delay compensation elements, to allow operation with cosmic rayand calibration triggers as well as normal running.¥ We have to consider the practicalities of setting up the experiment.In Section 4, the boundaries between the FE and the T/DAQ systems will be stated foreach element. The main considerations are:¥ Detector groups have to provide input to the ROB in a standard format, through astandard interface, and they are responsible for the system up to the input of the ROB,including the link but excluding the receiver integrated in the ROB.¥ Detector groups will be provided by T/DAQ with standard TTC transmitter crates andVME interface modules based on the RD12 system which will deliver the timing,trigger and control signals by optical fibres. The signals can be received and decodedby optical and electronic components developed in RD12 for this purpose, butdetector groups will be responsible for the cost of these components and those

7required for any subsequent distribution of the signals.¥ Detector groups will be provided with one or more standard DCS crates. They areresponsible for the interfaces to the detector control electronics.¥ Detector groups will be provided with one or more standard DAQ crates housing theROBs.In Section 5, necessary requirements and interface and protocol specifications will begiven. Detector responsibility for FE electronics is subject to constraints described in thisdocument (such as pipeline length, derandomizer size,...)1.3. Main parametersSome parameters that are crucial for designing each front-end electronics system aregiven in Table 1.Clock frequency40.08 MHzMaximum average LVL1 trigger rate100 kHzLVL1 pipeline length> 2.5 msMinimum interval between two L1A75 ns (see text)Raw data readout time & derandomizer sizeTo introduce deadtime £ 1%Table 1 Some critical FE parameters.The following gives some explanations concerning the items in the table:¥ 100 kHz is the maximum average LVL1 trigger rate, integrated over many fullmachine cycles, including gaps.¥ The design of the LVL1 system aims at a latency less than 2 ms, to which acontingency of 500 ns has been added (cable-length uncertainties, alternative schemesto provide data to the LVL1 trigger, details of the electronic design, etc.). This timingincludes everything up to the output of the detector TTC system, including cabledelays back and forth between the detector and the LVL1 trigger system. Detectorgroups are responsible for the computation of the pipeline length they require and it isstressed that they must foresee contingency for the part of the system under theirresponsibility.¥ Two consecutive LVL1 triggers will be separated by at least two untriggeredcrossings, as required by some detector groups.¥ Detector groups have some freedom to define their own strategy concerning thederandomizer size and the raw-data read-out speed, provided they remain within anacceptable dead time. (Figure 6 in Chapter 5 gives the percentage of lost events fordifferent read-out times and derandomizer sizes [in number of events]). However, it ispointed out that it is intended to contribute to the management of the derandomizers inthe LVL1 Central Trigger Processor (CTP) by evaluating on a statistical basis theoccupancy of the derandomizers. It would therefore be better to have a more-or-lessunified scheme within the experiment to keep the LVL1 CTP reasonably simple and

8to minimise the overall deadtime. The overall deadtime will at best be the worstsubsystem deadtime, but it could well be the sum of all subsystems deadtime in worstcase. It is also of no use for some subsystems spend a lot of effort and money tooptimise their local deadtime if the overall one is bad. Cross-detector discussions willtherefore be essential to tackle this point.

92. Identification of componentsA functional view of the system from the FE to the ROB (L2 trigger buffer) is given inFig. 2. This chapter defines the different components. The constraints placed on thesecomponents are set out in Chapter 5.

Atlas TTC Signals(BC, L1A,...)Detector TTC signals(tests, calibration,...)Detector SpecificTTC DistributionStandard TTCOptical DistributionInput SelectionElectrical to opticalConversion TTC FE linksFE links interfaceError detection/recoveryProcessingEvent formatInterface to RO link

RO link

RODDetectorTTCDetectorDCSROB

Level 1 pipeline&DerandomizerDetector SpecificControl modulesStandardControl Modules

Detector SpecificCommunication

Central DCSCommunicationDetector Control Elements

TTC BufferError detection/recoveryProcessingLink to level 2 & 3 triggerProcessingRO linkEventrequestRO LinkFE LinkSub-detectorSpecificDetector SpecificTTC DistributionStandard TTCOptical DistributionTTCLocal TTC Control(tests, calibration)LHC Timing(Clk, Orbit)CTPL1AStandard TTCCrateVMEStandard TTCControlDCSFig. 2 Functional view of the components

102.1. Front-end electronics subsystemThe front-end electronics subsystem includes different components:¥ The front-end analogue or analogue-digital processing.¥ The Level-1 trigger pipeline (LVL1 pipeline) in which information (analogue ordigital) is stored at the LHC clock frequency (40 MHz) and is retained for a time longenough to accommodate the LVL1 trigger latency. This element is subject toconstraints (size, extra information, use of TTC signals).¥ The derandomizer in which the data corresponding to a LVL1 trigger accept (L1A)are stored before being sent to the following level. This element is necessary toaccommodate the L1A random rate without introducing deadtime and is subject toconstraints.¥ The FE link through which the data are transmitted to the next stage. The speed of thislink, in conjunction with the derandomizer size, is subject to constraints.2.2. Read-Out Driver (ROD)The Read-out Driver (ROD) is the first module where one can reach a higher level ofdata concentration and multiplexing by gathering information from different FE links.Elementary digitised signals are formatted in raw data prior to be transferred to the ROB.The data format of the event, as well as the requirements concerning errordetection/recovery mechanisms are subject to constraints.2.3. Read-Out LinkData are transmitted on this link from the ROD to the ROB at the L1A event rate. Thislink is subject to constraints (physical interface to ROB and protocol).2.4. Read-Out Buffer (ROB)The ROB includes the LVL2 buffer and receives and stores the raw data from the ROD.It performs the following tasks:¥ Data storage during LVL2 and, for LVL2-selected events, at least until readout toLVL3 is completed.¥ Buffer management.¥ Error detection and recovery, diagnostic and on-line monitoring.¥ Local pre-processing for LVL2 data (ROIs) and LVL3 event fragments (formatting).¥ Data extraction for LVL2 and LVL3.We aim to have a single standard ROB for the whole experiment.

112.5. Level-1 trigger systemThe LVL1 trigger function is provided by a 40 MHz synchronous system that receivesdirectly from the front-end electronics dedicated �coarse� data organised and segmentedin an appropriate way. These data are extracted from the relevant FE electronics systemand sent to the sub-trigger processors through dedicated �LVL1 links�. The functionsassociated with the LVL1 trigger are:¥ LVL1 trigger processors for the calorimeter and muon systems.¥ Central LVL1 trigger processor including deadtime logic and monitoring of rates.¥ Connection to TTC system.¥ Control and monitoring logic.¥ Region-of-interest (ROI) generation.These elements are subject to constraints.2.6. Timing, Trigger and Control (TTC) systemThe TTC system interfaces with the CTP, the DCS and the LHC machine and providestiming, trigger and control signals to the FE Electronics System, RODs, LVL1 triggerprocessors and ROBs. It delivers all the fast signals which are synchronised to the LHCmachine clock and orbit phase, and which have to be compensated for different detector,electronics and propagation delays. These include the LHC clock, L1A, BCR, ECR,selective Resets and synchronous Test commands. The system can also transmitasynchronous controls and data such as trigger type information and individually-addressed channel enable, deskew adjust and calibration parameters.2.7. Detector Control System (DCS)The DCS will be the tool to operate all sub-detectors in a homogenous way and tocontinuously monitor all their operational parameters. It will also supervise the commonexperimental infrastructure. Both functions are needed, not only for the safety of thedetector, but also to ensure the quality of the physics data. The DCS will span the fullrange of functions from global operations performed by the shift operator to detailedinteractions done by the equipment expert.The following functions have to be performed via the sub-detectors’ LCS and within theframework of the standard DCS software:¥ All actions the shift operator has to do.¥ Possibly all actions the equipment expert has to do.¥ Provide information about all operational parameters as far as they are of relevance tothe physics data down the detail the operator needs it.¥ Provide information about all operational parameters as far as they are of relevance tothe safety of the detector.¥ Provide emergency shut-down procedures to bring the sub-detector in a safe state.

12¥ Automatic monitoring of all operational parameters as far as they concern the safetyof the detector or the quality of the physics data.¥ Provide procedures to handle detector faults �automatically�, without operatorinteraction.The LCS supervising the common experimental infrastructure have to perform thefollowing functions within the frame of the standard DCS software:¥ Provide all information concerning the experimental infrastructure.¥ Log all information concerning the experimental infrastructure.¥ Trigger automatic corrective actions and shut-down procedures of sub-detectors incase they are needed.

133. Main issues3.1. Partitioning and IntegrationBefore having the whole T/DAQ system working, each detector group will have to makeautonomous tests and to integrate their readout system with the global one. Later, duringphysics running periods, detector groups will still need to work independently andconcurrently, for instance in order to calibrate. This requires that:¥ The DAQ is partitioned in a coherent way and that the insertion or removal of asubsystem from the global DAQ must be easy.¥ The TTC system is partitioned in the same coherent way within the experiment andthat each sub-detector has the same TTC backbone.¥ The DCS is partitioned in the same coherent way.To achieve the above, we must:¥ Clearly define the interface between the sub-detector readout systems and the globalDAQ, by making available a standard ROB.¥ Define and make available a standard TTC system.¥ Define and make available a standard DCS system.3.2. Physical readout partitioningBoth the LVL1 and LVL2 triggers will have to deal with data corresponding to well-defined physical parts of the detector (towers, regions of interest). Although one couldimagine having a system able to access pieces of data distributed over a large number ofROBs, it seems extremely important to minimise the number of locations in which therequired data are located. This will minimise the number of physical links needed toextract and gather the data of a given event, simplify the use of switches and so make thesystem cheaper and more reliable.As a consequence, it is necessary for both LVL1 and LVL2 trigger that the data aregrouped in order to match trigger segmentation of ROIs or subsets of them as far as ispossible.The overall number of ReadOut Buffers has also to be minimised, in order to limit thesize of the switches and the number of links. This requires that as many channels aspossible are gathered at the ReadOut Driver level before being sent to the ReadOutBuffer. This implies the use of fast ReadOut Links.3.3. Error detection and error recoveryWe are facing a system composed of tens of thousands of elements running at high speedand requiring thousands of links to read out the data. Similarly, timing signals (BC, ...)and trigger signals (L1A) are broadcast to a large number of destinations. The probabilityper unit time to get a failure, either in the detector electronics or in distributing the

14timing and trigger signals, may be rather high compared to today’s experiments. As wecannot stop the data taking each time an element fails, one has to foresee an errordetection and recovery mechanism at a very early stage in the readout chain.For that purpose, one has to:¥ Transmit error codes with the data, so that each level of the readout chain can detectand flag the presence of an error.¥ Transmit with the data a unique identifier (BC number, LVL1 number) which allowsa check to be made of the alignment of the data whenever different pieces of an eventare gathered (for the same trigger number, one should have the same BC number).Automatic local recovery is required for simple errors.¥ Foresee the possibility to reset the electronics at each level (from FE up to ROB) inorder to restart in proper conditions, without making a general reset of the wholeexperiment.3.4. Initialisation and resetIn general, initialisation of the front-end electronics needs a non-negligible time. It has tobe done at the start of a run in a fully handshaked way (one has to wait for thecompletion of the initialisations before starting the trigger generation).It may also happen that an error in part of a detector FE system requires a reset torecover. In this case, the reset has to be local and should not disturb the data taking of theother parts of the detector.3.5. Timing of the experimentFacilities have to be provided to adjust the timing at several levels1:¥ Master phase adjustment relative to the LHC orbit.¥ Global relative timing adjustment between L1A and BCR to associate the triggerdecision with the appropriate BCID.¥ Timing adjustment of L1A and BCR (together) to compensate the delays due to timeof flight, detector, electronics and signal propagation, and to allow cosmic ray runs inorder to take data, align the detector, etc., before beams are available.¥ Separate timing adjustment for fast controls to allow the generation of test signalswith different delays.¥ Fine deskew of the BC clock phase at all destinations.Each detector group has to develop a strategy which will allow the adjustment of thetiming (within their detector and with the other detectors) for cosmic ray,1The standard TTC system provides the facilities to allow these timing parameters to be adjusted to the level ofthe outputs from the timing receiver (TTCrx) chips. Detector groups must provide any additional delayadjustments necessary (e.g., to compensate differential delays in a subsequent detector-specific distributionscheme). The subaddress/data transmission facility of the TTC system may be used to control these additionaladjustments.

15calibration/alignment and physics runs. The practicality of this strategy is crucial.3.6. Engineering issuesWe will have to produce a very large number of electronics elements and maintain themfor a long time. Furthermore, it is very likely that we will face upgrades during thelifetime of the experiment: the system has to be flexible, modular and decoupled enoughto allow easy upgrades of different parts.It is very desirable to define standard elements as much as possible in the experiment �this will reduce the design, production and maintenance cost.Accessibility is also an important point which should be kept in mind.

164. T/DAQ — Front-end BoundariesThis part of this document defines the boundaries between FE and T/DAQ systems interms of responsibility (system design, cost accounting, maintenance and operation) forthe different components of the system.4.1. Front-end electronics system4.1.1. Level-1 pipelineDetector groups are responsible for providing the pipeline. The requirements given inChapter 5, concerning the pipeline length and the information to be added to the rawdata, must be satisfied.The T/DAQ group is responsible for making available to the detector groups the standardTTC signals (BC, L1A and the Fast Controls) from which the signals necessary for theoperation of the pipeline can be derived. The L1A signal at the input to the TTC systemwill be valid a fixed number of bunch crossings after the interaction occurred and therewill be no significant fluctuation in this timing after the experiment has been set up.The TTC system can be used under the responsibility of the detector groups to adjust thetiming to accommodate their LVL1 pipeline length.4.1.2. DerandomizerDetector groups are responsible for providing the derandomizers. The requirementsgiven in Chapter 5 concerning the maximum deadtime introduced at the derandomizerlevel must be satisfied.The T/DAQ group is responsible for introducing two untriggered bunch crossings after aL1A, as requested by some detector groups.The T/DAQ group is responsible for introducing deadtime when derandomizers areestimated to be nearly full. It means that the Central Trigger Processor (CTP) runs analgorithm to estimate the occupancy of the derandomizers. This is done on a statisticalbasis and detector groups have to protect against overflow if they perform zerosuppression or data compression before the derandomizer stage. As mentioned earlier,cross-detectors discussions will be necessary to define a uniform strategy at thederandomizer level in order to obtain the lowest possible overall deadtime.4.1.3. Front-end linkDetector groups are responsible for the FE link. The data transmission speed and thenumber of links, in conjunction with the derandomizer size, have to be sufficient to fulfilthe requirements concerning deadtime given in Chapter 5.

174.2. Read-Out DriverDetector groups are responsible for providing this part of the system. A local error-detection and error-recovery mechanism has to be implemented in order to avoid data-taking blockages.Detector groups are responsible for providing a BUSY signal to force the LVL1 CentralTrigger Processor to introduce deadtime when necessary.Detector groups are responsible for formatting the data sent to the ROB, as specified inChapter 5.4.3. Read-Out LinkDetector groups are responsible for providing the RO link. The physical output interfaceand the protocol used at the input of ROB have to meet the specifications of the standardROB.4.4. Read-Out BufferThe ROB is the first place in the readout where full uniformity and standardisation canbe achieved across the whole detector. This is why this function should be separatedfrom the Front-End Electronics System. Another advantage of this separation isincreased flexibility in the design of higher-level event-selection schemes:¥ By allowing later decisions than for the FE electronics and, as a consequence,allowing the use of better technologies.¥ By allowing changes in LVL2 latency and later upgrades without interfering with theFE electronics.However, in some cases, there is a possibility of more integrated front-end systems thatgroup together the LVL1 pipeline and LVL2 buffering. While this concept may lookmore elegant and powerful by minimising the data bandwidth between the FE and theROB, it is less flexible and freezes forever some functionalities and parameters that mayevolve during the next few years, such as the LVL2 buffer size. In addition, it obligesone to provide the buffer manager and its controls at the front-end level. This extracomplexity is not desirable in a large system where it is important to adopt a uniformmodularity as early as possible in the readout chain. Other advantages of breaking thesystem into elementary functions are for testing, debugging and integration purposes, aswell as for ease of maintenance, possible upgrades and standardisation of hardware andsoftware components.The T/DAQ group is responsible for providing the standard ROB of ATLAS.Detector groups are expected to contribute, within the T/DAQ project, in thespecifications and the design of the ROB to make sure their requirements are satisfied.

184.5. Timing, Trigger and Control systemFor each detector the T/DAQ group will provide and be responsible for maintaining astandard TTC system based on RD12 technology. The system will make available thetiming, trigger and control signals of the experiment through an optical distributionsystem. It will comprise the required number of TTC laser transmitters, the triggerselector/serializer and master phase and trigger emulator modules.The system allows detector groups to run in stand-alone mode for development, test,calibration runs, etc. It also has internal clock and orbit generators to allow operation inthe development phase when the LHC signals are not available.The T/DAQ group will be responsible for the cost up to the destination ends of thestandard TTC system optical fibre distribution network. The detector groups will beresponsible for the cost of the optoelelectronic receivers and TTCrx ASICs or equivalentfor subsequent decoding of the signals and their integration with the FE electronics.The point at which conversion is made from the standard TTC distribution system to anyadditional detector-specific one is to be decided by the detector groups. Any detector-specific system must satisfy the requirements defined in Chapter 5.Detector groups are encouraged to discuss their requirements with the T/DAQ group, sothat the standard system can be optimised.4.6. Detector Control SystemThe T/DAQ group will provide each sub-detector with one or more Local ControlStations (LCS), each of which consists of a crate with processor and network interfaceand an operator console. The skeleton software and general services (configuration database, operator interface, alarm system, diagnostics system, data base for data logging,logging of interactions and incidents, etc.) will also be provided. Sub-detector groups canbe supplied (at their expense) with standardised modules for the LCS crate (e.g. fieldbusinterface, multiplexed ADC, I/O units) together with the corresponding software.Sub-detector groups have to provide the modules for the LCS crate, interfacing to theirspecialised hardware (front-end electronics, gas system, calibration system). They areresponsible for the corresponding software.

195. Requirements and rulesThis chapter gives rules to be followed at each level of the read-out system, from the FEelectronics system up to the ROB.5.1. FE Electronics System5.1.1. Level-1 PipelineRule 1.1.The raw data from the detector FE electronics have to be stored in the LVL1 pipeline atthe 40 MHz clock rate (or multiple of it) to accommodate the maximum possible LVL1trigger latency.Rule 1.2.The length of the pipeline has to accommodate a maximum LVL1 trigger latency(2.5 ms) computed on the following basis:¥ The target latency for the LVL1 trigger is 2 ms, to which 500 ns of contingency hasbeen added (changes in cable routing, alternative schemes to provide data to theLVL1 trigger, detail of electronic design, etc.). This gives a maximum latency to beused in calculating the pipeline lengths.¥ The latency is measured from the (average) time when protons collide. It includes alldelays up to the output of the standard TTCrx chipset, including propagation delayson cables and fibres between the CTP and the on-detector electronics2. Fig. 3 showsthe different parts of the LVL1 trigger processor and distribution system.¥ The latency DOES NOT include any extra delay introduced to distribute the signal bymeans other than the standard TTC system. Nor does it include delays within the on-detector FE systems.¥ The latency estimate assumes that the cables returning the L1A signal to the on-detector electronics follow the shortest possible path. It DOES NOT include the extradelay introduced by longer cabling routing due to special implementations (e.g. returnpath through remotely located RODs).¥ It DOES NOT include the need to record samples prior to the BC which gave rise to theLVL1 trigger.¥ It DOES NOT include provision to remove defective cells from the LVL1 pipelines.2 In the Technical Proposal, a longest fibre length of 75 m from the CTP via the TTC to the standard TTCreceivers was assumed. Correcting for an updated cable-length estimate of 81 m and based on an averagepropagation delay of 5 ns per meter, the present best estimate of the latency is 1.85 ms assuming an independenttrigger ADC system for the LVL1 calorimeter trigger.

20TIME t0PPLVL1 FE electronicsLVL1 Sub-detector Processor Central LVL1 Trigger Processor(CTP)L1A Sub detector Standard TTC TIME t0 + 2.0 ms Maximum including contingency TIME t0 + 2.5 ms Maximum Including contingency FEStandardTTCrxUnderground Counting RoomOn-detector Fig. 3 LVL1 trigger latency shown for a detector using the standard TTC components upto the FE electronics level

215.1.2. Derandomizer sizeRule 2.1.When a L1A signal occurs, the data stored in the LVL1 pipeline, corresponding to thebunch crossing which produced the trigger, have to be transferred to the next level ofbuffering (ROD). Due to the random time of arrival of the L1A signal and the limitedtransmission speed, a derandomizer stage has to be foreseen. The size of thederandomizer and the speed of the FE links have to be chosen in order to limit thedeadtime introduced at the level of the derandomizer to a value less than 1% in the worstcase for the sub-detector as a whole. Fig. 4 gives the percentage of lost events in functionof these two parameters. As mentioned earlier, it is important to have some uniformity inthe derandomizer stage in order to minimise the overall deadtime. Cross-detectordiscussion will be necessary before the derandomizer designs are frozen.Rule 2.2.If zero suppression or data compression is performed before the derandomizer stage,possibly huge fluctuations in event sizes have to be foreseen.Rule 2.3.The occupancy of the derandomizers has to be estimated in order to limit losses of eventswhen they become full. The traditional way of asserting a BUSY signal to force the CTP(L1 Central Trigger Processor) to introduce deadtime is not practicable in ATLASbecause of the distance between the FE electronics and the CTP and the high LVL1trigger rate: an average time of several hundreds of ns would be necessary for this BUSYsignal to reach the CTP; during this time several L1A could still arrive. Such a schemewould therefore require large derandomizers or introduce extra overall deadtime.In view of the above, the occupancy of the derandomizers is monitored on a statisticalbasis in the CTP. Deadtime necessary to limit the loss of events is introduced in the CTP.Remark.In order to limit the complexity in the CTP and the overall deadtime, a commonapproach (derandomizer size, readout speed) between the sub-detectors is preferable.

22Lost events versus derandomizer size and readout timeFig. 4 Percentage of lost events versus derandomizer size and readout speed

235.1.3. Bunch-crossing and trigger identifiers in FE electronicsRule 3.1.In addition to the raw data, detector systems will have to provide a unique bunchcrossing number with absolute meaning to allow subsequent error detection andrecovery.This FE_BCID number should be a 12-bit number (which covers a full machine turn),output of a BC_Counter incremented by the BC signal and reset by the BCR signal. TheBCR signal has to be adjusted in time to get an absolute meaning of the FE_BCID.Remark.Although the introduction of the full 12-bit FE_BCID at the input of the pipeline is thesafest way to detect alignment errors, it could be that the additional cost to the FEelectronics is deemed too high. In this case, the full FE_BCID could be formed at thederandomizer level or, at the latest, at the ROD level.Rule 3.2.In addition to the raw data and the FE_BCID, detector systems must add a FE_L1IDnumber giving the L1A number. This FE_L1ID must have a minimum number of bitsand must be resettable. A minimum of 4 bits seems reasonable.Remark.Although the introduction of a FE_L1ID number at the input of the derandomizer is thesafest way to detect alignment errors, it could be that the additional cost to the FEelectronics is deemed too high. In this case, the full FE_L1ID could be formed at theROD level.5.2. Read-Out DriverRule 4.1.The ROD receives data from derandomizers at the L1A event rate. Whenever possible,the ROD output should match ROI segmentation or subset of them; the detector groupsmust discuss with the T/DAQ group on this point.Rule 4.2.The ROD receives all the standard TTC signals including ROD_L1ID (event number)and ROD_BCID (BC number corresponding to L1A). ROD_L1ID must have 24 bits toaccommodate about 160 seconds of running with a unique ROD_L1ID per event(sufficient to identify uniquely any event in the system). ROD_L1ID must be resettable.ROD_BCID must have 12 bits to accommodate a complete machine turn with a uniquebunch crossing number. ROD_BCID should be reset each time BCR occurs so that it has

24an absolute meaning. If the ROD uses the RD12 TTCrx chip set to decode the TTCsignals, these two pieces of information are available.Rule 4.3.When gathering data coming from different derandomizers, the ROD checks that theFE_L1ID numbers are consistent with each other and with the low-order bits ofROD_L1ID. It also checks that the different FE_BCID numbers are identical with eachother and are consistent with the ROD_BCID number.If a mismatch occurs, the ROD flags the event with an error code, and then either tries torecover or continuously sends error-flagged events until a FE_Reset occurs. It must notstop the data taking as it might be that only a small part of the data are bad.Rule 4.4.From the different pieces of event coming from the derandomizers, and after processing(if any) the ROD builds an event fragment including at least the following information:ROD_L1ID24 bitsROD_BCID12 bitsERROR/STATUSROD_MODULE_IDDATAROD_MODULE_ID is a module identifier which is unique and which could be used tocheck connections. The contents will be defined later (it could be for instance TypeIdentifier and Serial Number).The ERROR/STATUS is used to flag error conditions and gives status information suchas:¥ Synchronisation error detected.¥ FE error detected.¥ Physics data.¥ Fake data.¥ Empty event.¥ ...Standard codes will be defined later.This event format does not include the event separator, which will be defined later. Evenif there is no data for a given event, the other information must be sent.Rule 4.5.The event data have to be sent to the ROB through the RO links at the L1A event rate (inother terms, all the data of all the events have to be transmitted to the ROB). The event

25ordering has to be maintained to facilitate event handling and checking in the ROB. Anout-of-order arrival of events would require, for instance, a time-out mechanism to detectmissing events; although feasible, it complicates the input part of the ROB.Rule 4.6.Due to the limited speed of the RO link, a buffer (FIFO) has to be foreseen before thelink; the buffer must be protected against overflow. If this buffer is nearly full, the RODhas to provide a ROD_BUSY signal in order to stop L1A generation. A globalROD_BUSY (logical OR of the ROD_BUSY’s) per sub-detector has to be provided tothe CTP. The CTP will monitor the global ROD_BUSY signals it receives. IndividualROD_BUSY signals have to be monitored by the detector systems and must beresettable and maskable in order to avoid data-taking blockages.The time at which the ROD must assert ROD_BUSY is the detector’s responsibility. Itmust take into account the time for this signal to reach the CTP, the number of L1Awhich can occur during this time and the number of events already stored in thederandomizers.Rule 4.7.A test mode where fake events with known data (either fixed pattern or known patternloaded by some means) are produced, has to be foreseen in order to be able to test thereadout chain from the ROD level up to ROB.Rule 4.8.If access to the data by means other than the normal readout is possible (for monitoringfor instance), it should not introduce any deadtime and should not interfere with the mainreadout (by freezing part of the buffers or slowing down the readout, for instance).Rule 4.9.During the initialisation phase (before the start of data taking), the ROD has to assertROD_BUSY until the initialisation is completed, in order to start the data taking onlywhen the initialisation is finished.Rule 4.10.If, because of an error in the FE electronics connected to the ROD, a local reset has to begenerated, the ROD should not assert the ROD_BUSY during this operation. It shouldproduce empty events with the proper error flag until it is able to re-establishsynchronisation and send normal data.

265.3. Read-Out LinkRule 5.1.The RO link is used to transmit all the data of all the events from the ROD to the ROB atthe L1A event rate. Its bandwidth must be large enough to accommodate the averagedata rate expected for the maximum LHC luminosity and a L1A rate of 100 kHz.Sufficient safety margin must be included for uncertainties in the occupancy (taking intoaccount the protocol overhead).RemarksWe expect that this link will include a test mode in order to check it easily in situ.We expect to implement an XON/XOFF mechanism on this link, so that the ROD knowswhen the ROB occupancy is too high so that it has to assert its ROD_BUSY. If thismechanism is not included, the ROB will have to assert its own BUSY in order tointroduce deadtime, at a time which is very dependent on the ROD structure (buffer size,etc.); this might harm the concept of having a standard ROB module.Rule 5.2.The output port of this link (input of the ROB) has to comply with the ROBspecification.Rule 5.3.If it is foreseen that ROB will accept non-event data (e.g. calibration data) the bandwidthof the link must accommodate the possibly large data-transfer rate.5.4. Read-Out BufferRule 6.1.A standard ATLAS ROB will be provided. If, exceptionally, this is not possible for well-justified reasons, the following remarks have to be taken into account.RemarksThe ROB has to be located outside the detector and be physically decoupled from the FEelectronics.All the data of all the events are received at the L1A event rate. The buffer size has toaccommodate the maximum LVL2 trigger latency and LVL3 trigger data readout latencyfor at least 1% of the events, for the full LHC luminosity and L1A rate of 100 kHz.Sufficient safety factors must be included for uncertainties on the LVL2 efficiency andthe time needed for the data to be sent to the LVL3 trigger processors. In particular, ithas to be foreseen that during B physics data taking the number of events which have tobe retained until the end of LVL3 trigger read-out will be higher (at least 10% of theLVL2 accepted events).

27The ROB receives all the TTC signals and maintains a table of expected events with aROB_L1ID number (24 bits) and a ROB_BCID number (12 bits) in order to check theevents coming from the ROD.In case of an error it should follow the same rules as the ROD.Communication with the LVL2 and LVL3 trigger processors (event requests and clear,data links,...) will be subject to specifications which will have to be followed.A test mode, in which fake events with known patterns (either fixed or loaded by somemeans) are generated, must be foreseen in order to test the readout chain from the ROBlevel upwards.If access to the data by means other than the normal readout is possible (for monitoringfor instance), it should not introduce any deadtime and should not interfere with the mainreadout (by freezing part of the buffers or slowing down the data transmission to theLVL2 and LVL3 trigger processors, for instance).If the RO link does not implement an XON/XOFF mechanism, the ROB has to produce aROB_BUSY signal when the buffer is nearly full, so that the CTP can introducedeadtime. A global ROB_BUSY (logical OR of the ROB_BUSY’s) per sub-detector hasto be provided to the CTP. The CTP will monitor the global ROB_BUSY signals that itreceives. Individual ROB_BUSY signals have to be monitored by the detector systemsand must be resettable and maskable in order to avoid data-taking blockages.5.5. Timing, Trigger and Control systemRule 7.1.A standard TTC system (transmitter crates, modules, optical distribution network) willbe provided by the T/DAQ group for each detector group. The system (see Fig. 5)delivers through optical fibres the standard TTC signals such as the LHC clock, L1A andFast Controls. Some of the timing signals are shown in Fig. 6 and LHC timingparameters are summarised in Table 2. Further details are given in TTCdoc.The system will also provide for the distribution of other detector-specific commandsand data provided by the detector groups.The system has internal timing generators to allow test running when the LHC machinesignals are not available, and can accept a local trigger or trigger emulation sourceinstead of L1A.Rule 7.2.The following signals will be available from a standard TTC timing receiver ASIC(TTCrx) or equivalent:¥ 40.08 MHz clock of programmable phase, derived from the LHC machine clock. Anon-deskewed clock is also available for processor use.¥ BCR — Bunch Counter Reset. Signal broadcast once per LHC orbit (88.924 ms) toreset the local bunch counters. By means of a programmable delay, the BCR timing isadjusted to match the bunch counter phase to the arrival of the corresponding detector

28data at the output of the pipeline, compensating for the different particle flight timesand detector, electronics and propagation delays.¥ L1A — Level-1 Trigger Accept. A fixed number of bunch crossings after that whichproduced an event, the central trigger processor (CTP) generates this signal if theevent has met the LVL1 trigger criteria. The TTC system broadcasts the L1A andBCR signals with a relative timing such that, when they are deskewed by the samedelay, L1A is delivered by the TTCrx concurrently with the BCID to which itcorresponds.LASER TxENCODERMODULATORVCXOPLLSELCLK GEN1:32 ROOTCOUPLERLHCCLKOPTICAL FIBREDISTRIBUTIONNETWORKTTC TRANSMITTER CRATEVMEbus CRATETEMPCONTROLBIAS &PROTNLOCALMONTRIGSEL+SERLZTRIGEMULVMEMASTERACHANBCHANL1AORBITMASTERPHASELOCALTRIGFig. 5 TTC transmitter system components¥ ECR — Event Counter Reset. Signal broadcast to reset all event counters to maintaintheir synchronisation.¥ Synchronous Command Signals. These Fast Control signals are broadcast by the TTCsystem to control the running of the experiment (Clear, Run, Pause, Restart, Abort,Stop, selective Resets, etc.). Once all the required commands have been established auniform set will be defined for use by all sub-detectors. This facility also provides forthe broadcasting of synchronous commands to detector-specific test generators. Thecommands are deskewed by a separate delay from that of L1A and BCR.¥ Asynchronous commands and data. For the transmission of individually-addressed

29slow controls and data such as channel enables, calibration parameters or deskewvalues for additional programmable delays external to the TTCrx. Also used forinternal TTCrx tests, control and deskew programming.¥ Error. TTC signals are checked by the receiver for various parities, phase and overrunerrors to detect defective system components.LHC CLK 40.08 MHzBUNCH CROSSINGSL1AEVENT COUNTER0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18BUNCH COUNTER0BCR356303563ORBIT 88.924 msFig. 6 Timing schemeRevolution time88.924 msBunch crossing rate40.08 MHzBunch spacing24.9501 nsBunch train81LHC extraction gap3170 ns = 127 missing BCLHC injection gap950 ns = 38 missing BCSPS injection gap220 ns = 8 missing BCNumber of real Bunch Xings2835Number of CLK periods3564Table 2 LHC timingRule 7.3.The fibres, optical tree couplers and connectors which distribute the standard TTCsignals to the modules using them are provided by the T/DAQ group.Rule 7.4.The detector groups are responsible for the cost of the optoelectronic receivers andASICs for the reception and decoding of the TTC signals and for their integration withthe FE electronics. (Standard components for these functions are being developed byRD12). Any additional detector-specific systems for the further distribution of the TTCsignals are also the responsibility of the detector groups employing them.Rule 7.5.The standard TTC system provides for timing adjustment up to the TTCrx outputs. In thecase that each TTCrx services group of channels having significantly different time-of-flight or detector-specific distribution delays, detector groups have to foresee theadditional delay compensation elements required. These elements may be controlled bythe individually-addressed asynchronous command and data transmission facility of thestandard TTC system.

30Rule 7.6.Detector-specific extensions of the standard TTC system should have the same basiccapabilities as the standard system, namely:¥ Phase or timing adjustment of BC, L1A, BCR, ECR and synchronous commands atthe module or channel level as appropriate.¥ Capability to send commands without introducing significant deadtime.5.6. Detector Control SystemRules to be defined.