ATLAS Internal Note

DAQ-NO-103

09 June 1998

T RIGGER & DAQ

I NTERFACES WITH F RONT -E ND S YSTEMS :

R EQUIREMENT D OCUMENT

VERSION 2.0

Atlas Trigge r-DAQ Steering Group

Abstract

The Trigger/DAQ systemis the centralplace where allsignals and data coming fro meach sub-detector front-end electronic systemwillbe integrated in a unifor m way. This document descr ibes the funct ional partitio ning ofthe overallsystemand specifies the interfaces between the front-end electronics, and the trigger, DAQ and detector controlsystems.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

Table of Conte nts

History 3

Glossar yo fterms 4

1. Overview 7

1.1. Introduction 7

1.2. Document organisat ion 7

1.3. Main parameters 10

2. Identificat ion ofcomponents 12

2.1. Front-end electronics subsystem 13

2.2. Read-Out Driver (ROD) 13

2.3. Read-Out Link 13

2.4. Read-Out Buffer (ROB) 13

2.5. Level-1 trigger system 14

2.6. Timing, Trigger and Control(TTC) system 14

2.7. Detector ControlS ystem(DCS) 14

3. Main issues 15

3.1. Partitioning and Integration 15

3.2. Physicalread-out partitioning 15

3.3. Error detection and error recover y 16

3.4. Initialisat ion and reset 16

3.5 Timing ofthe exper iment 17

3.6. Calibrat ion and monitoring aspects 17

3.7. Engineer ing issues 18

4. T/DAQ Ð Front-end Boundar ies 19

4.1. Front-end electronics system 19

4.1.1. Level-1 Buffer 19

4.1.2. Derandomizer 19

4.1.3. Front-end data st ream 20

4.2. Read-Out Driver 20

4.3. Read-Out Link 20

4.4. Read-Out Buffer 20

4.5. Timing, Trigger and Controlsystem 21

4.6. Detector ControlS ystem 21

5. Requirements and rules 22

5.1. FE Electronic s S ystem 22

5.1.1. Level-1 Buffer 22

5.1.2. Derandomizer size 25

5.1.3. Bunch-crossing and trigger ident ifiers in FE electronics 27

5.2. Read-Out Driver 28

5.3. Read-Out Link 30

5.4. Read-Out Buffer 31

5.5. Timing, Trigger and Controlsystem 32

5.6. Detector ControlS ystem 35

References 36

ATLAS Internal Note

DAQ-NO-103

09 June 1998

History

Version 1.0

Date: 22 Januar y1996. First versio n approved during Atlas week ofNovember 1995.

Draft 2.0

Date: Februar y1998.

Upd ate the dead-time value for operating at 75 kHz and 100 kHz rates.

Update TTC crate figure.

ROD_BUSY handling.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

Glossary of terms

BC

Bunch Crossing.

BCID

Bunch Crossing Ident ifier. Number that defines the bunch crossing at which an event occurred. ÔPotentialÕ bunch crossings are numbered 0 to 3563 per LHC orbit, starting with the fir st fo llowing the LHC extractor gap.

BCR

Bunch Counter Reset. Signalbroadcast bythe TTC systemonce per LHC orbit (89 μ s) to controlthe phase ofthe localbunch counters.

CTP

CentralTr igger Processor. The place where the LVL1 trigger is generated.

DAQ

Data Acquisit io n S ystem.

DCS

Detector ControlS ystem.

Derandomizer

P lace where the data corresponding to a LVL1 trigger accept are stored before being read out.

ECR

Event Counter Reset. Signalbroadcast bythe TTC systemto reset the localevent counters.

Fast Controls

Controlsignals broadcast bythe TTC systemin synchronismwith the LHC clock and orbit signals, such as BCR, ECR, Clear, Run, Pause, Restart, Abort, Stop, select ive

Resets and synchronous Test commands.

FE

Front-End.

FE Data Stream

Virtualor reallink between the derandomizer and the ROD, through which the FE data are transmitted.

LCS

LocalControlStation.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

Level -1 Buffer

Buffer (analogue or digital) included in the FE electronics which retains the data until the L1A is received.

L1ID

LVL1 Tr igger Accept Identifier. A L1ID is built at different levels ofthe read-out system. The TTCrx provides a 24 bit L1ID with each L1A signal. In conjunct ion with the BCID, it defines uniquely an event.

LVL1, LVL2, LVL3

Abbreviat ions for level-1, level-2 and level-3 and for the associated trigger systems.

L1A

LVL1 trigger Accept signalproduced bythe CentralTr igger Processor (CTP) when an event has met the LVL1 trigger cr iter ia.

Raw Data

Data provided by the front-end electronics to the read-out buffer.

ROB (Read-Out Buffer)

Standard module which receives data fro mthe ROD, stores themand makes them available to the LVL2 trigger processors and, for LVL2-selected events, to the LVL3 trigger processors.

ROD (Read-Out Driver)

Funct ionalelement which gathers data fro mthe derandomizers over one or more data streams and builds pieces ofevents to be sent to the ROB.

ROI

Region OfI nterest .. A region limited in eta and phi, indicated bythe level-1 trigger to contain candidates for objects requir ing further computation. In the case ofB-physics triggers at low luminosit y, some ROI’s may be defined internally wit hin the level-2 trigger system.

ROL (Read-Out link)

Physicallink between ROD and ROB through which the data are sent at the event rate of the LVL1 trigger.

Sub-detector

Physicalpart ition ofthe systemthat corresponds to a whole element ofdetector using the same FE electronics (ex: calor imeter, TRT ...)

TDD

Technical Design Document.

Trigger Type

An 8-bit word transmitted with the L1A and giving infor mat ion about the type ofevent.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

TTC (Timing, Trigger and Control)

Standard systemwhich allows the distr ibution o ftiming, trigger and controlsignals, using the techno logydeveloped in RD12 and described in TTCdoc. The systemdelivers the standard TTCsignals such as the LHC clock, L1A and Fast Controls, and provides for the distribut ion ofother detector-specific commands and data.

TTCdoc

Documentation on the TTC system. Available at http://www.cern.ch/TTC/intro.html.

TTCrx

TTC receiver ASIC which deliver s the decoded and deskewed TTC signals, bunch and event counters required byFE electronics controllers.

T/DAQ

Trigger-DAQ.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

1. Overview

1.1. Intr oduction

The main goalofthis document is to define minimumrequirements to:

· Allow the design ofa Trigger/DAQ (T/DAQ) systemthat is able to run smoothly and is easyto maintain.

· Ensure easy integration ofsub-detectors in the DAQ system.

· Allow the different detectors to run together with the minimumpossible overall deadtime (a small local deadt ime for each sub-detector levelmay lead to a large overall deadtime if deadt ime is not handled in a unifor mway).

· Allow concurrent and independent calibrat ions.

· Allow each sub- detector to work autonomously and concurrent lyfor setting up.

· Allow efficient error-detection and error-recover ys ystems.

· Standardise wit hin the exper iment as many elements as possible.

· Optimise the LVL2 trigger tasks that retrieve data fro mRegio ns OfI nterest (ROI).

· Define a global strategyfor timing, trigger and controldistribut ion.

· Enable safe and coherent operation ofthe detector.

This document setsout:

· Statements concerning the boundar ies between the front-end (FE) and T/DAQ systems.

· Specified and just ified requirements to the FE groups.

· Funct ionalspecificat ions ofthe phys ical inter faces between the FE systems and the

T/DAQ system.

· Init ialspecifications ofthe protocols used between t he FE systems and the T/DAQ system.

· Init ial specifications ofa minimumraw-data for mat.

· In a later version, specificat ion ofthe interfaces between the sub-detector hardware and the Detector-ControlS ystem(DCS).

1.2. Docume nt organisation

The ATLAS T/DAQ read-out system, the Timing, Trigger and Controlsystemand the

Detector Controlsystemare partit ioned into subsystems, typicallyassociated with subdetectors, which have the same logicalco mponents and building blocks. Overall standardisat ion ofall basic co mmo n elements is the onlywayto minimise cost and maintenance, and evo lut ion problems over the next 15Ð20 years corresponding to the

ATLAS Internal Note

DAQ-NO-103

09 June 1998 lifet ime o fthe exper iment. Effort should be made fro man ear lystage to break the project down into funct ionalunit s and their inter faces, and to define standard co mmon features and protocols for each logicalelement.

Fig. 1 Funct ional view ofthe read-out system

Detector

Level 1 Buffer

Derandomizer

FE Data Stream

Read Out Driver (ROD)

RO Links

Read Out Buffer (ROB)

Front End

Electronics System

(Subdetector

specific)

2.5 μs

10 ms

RoI’s

L2A

L1A

BC

Trigger level 3

Event Building

Data Storage

Processors Farm

Trigger level 2

Processing

System

Switch

Switch

DAQ-NO-103

09 June 1998

The Technical Proposal[1] presented the concept ofthe read-out system(Fig. 1). This

ÒrequirementsÓ document attempts to define ver y clear ly the inter face boundar ies

between the T/DAQ systemand the front-end electronics subsystems in order to allow

complet ion of front-end electronics design soon, as required for some detectors. A future

step willbe a TechnicalDesign Document (TDD) that willpropose an implementation of

the T/DAQ systemto meet these requirements.

In Section 2 ofthis document, the different funct ionalcomponents ofthe system, from

the FE up to the read-out buffer (LVL2 & LVL3 trigger buffer) willbe ident ified,

including the Timing, Trigger and Controlsystemand the Detector ControlSystem:

· FE electronics including LVL1 Buffer and derando mizer.

· FE data stream.

· Read-out Driver (ROD).

· RO links to Read-out Buffers (ROB).

· Read-out Buffers (ROB).

· Timing, Trigger and C ontrolsystem(TTC).

· Detector ControlSystem(DCS).

In Section 3, the main issues will be addressed:

· Partitioning and integration:

T/DAQ, TTC and DCS systems should be partit ioned in a consistent waywhich

allows concurrent and independent calibrat ion, stand-alone data-taking and

integrated running modes.

· Physicalread-out partitioning:

When invo lved in the LVL1 trigger, the detector groups have to provide trigger

signals direct ly to the LVL1 trigger system.

When invo lved in the LVL2 Tr igger, t he detector groupshave to group

channels in order to match as much as possible the LVL1 trigger segmentation

and associated LVL2 trigger ROIs.

· System-engineer ing aspects like redundancyand reliabilit y must be considered as

well as "self testabilit y" o feach element ofthe read-out chain.

· Error recover y:

The overall systemwillcontain tens ofthousands ofelements running at high

speed. The r isk oferror is therefore not negligible, and a consistent error-

recover ymechanism should be foreseen for allthe elements to avoid having to

stop data-taking each time an element fails.

· Strategyfor timing in the exper iment:

DAQ-NO-103

09 June 1998

We need a single coherent backbone for distr ibuting t iming, trigger and

synchronous controlsignals. The systemmust provide for the programmable

adjustment ofdelay co mpensation elements, to allow operation wit h cosmic ray

and calibr ation triggers as well as nor malrunning.

We have to consider the practicalit ies ofsetting up the exper iment.

In Section 4, the boundar ies between the FE and T/DAQ systems willbe stated for each

element. The main considerations are:

· Detector groups have to provide input data to the ROB in a standard for mat, through

a standard inter face, and theyare financialy respons ible for the systemup to the input

ofthe ROB, including the link but excluding the receiver integrated in the ROB.

· Detector groups willbe provided by T/DAQ with one or more standard TTC

transmitter crates and interface modules based on the RD12 system[2] which will

deliver the Timing, Trigger and Controlsignals and co mmands byoptical fibres. The

signals can be received and decoded byopticaland electronic co mponents developed

in RD12 for this purpose, but detector groups will be responsible for the cost ofthese

components and other components required for any subsequent distribut ion ofthe

signals.

· Detector groups willbe provided with one or more standard DCS crates. Theyare

responsible for the inter faces to the detector control electronics.

· Detector groups willbe provided wi th standard DAQ crates housing the ROBs and

associated controlprocessors and modules.

In Section 5, necessar yrequirements and inter face and protocolspecificat ions willbe

given. Detector responsibilit yfor FE electronics is subject to constraints descr ibed in this

document (such as pipeline length, derando mizer size , ...)

1.3. M ain parameters

Some parameters that are crucial for designing each front-end electronics systemare

given in Table 1.

Clock frequency 40.08 MHz

Maximum LVL1 trigger rate 75 kHz upgradable to 100 kHz

LVL1 pipeline length > 2.5 μ s

Minimuminter val between two L1A 125 ns (see text)

Raw data read-out time & derando mizer size To introduce deadtime (or data loss) less than

1% @75 kHz

6% @ 100 kHz

· Table 1 Some cr it icalFE parameters.

The fo llowing gives some explanations concer ning the items in the table:

DAQ-NO-103

09 June 1998

· 100 kHz is the maximumaverage LVL1 trigger rate, integrated over manyfull

machine cycles, including gaps. The design o fthe read-out electronics has to be

made for this value. However, following the descoping discussio ns that took place in

November 1995 [5], it is acceptable if the init ial syst emcan handle 75 kHz LVL1

rate, provided it is upgradable to the full rate.

· The design ofthe LVL1 systemaims at a latencyless th an 2 μ s, to which a

contingency of500 ns has been added (cable- length uncertaint ies, alternat ive

schemes to provide data to the LVL1 trigger, details o fthe electronic design, etc.).

This timing includes ever ything up to the output ofthe standard TTC receivers,

including cable delays back and forth between the detector and the LVL1 trigger

system, under assumpt ions explained in Sect ion 5.1.1. Detector groups are

responsible for the computation oftheir required LVL1 buffer or pipeline length and

it is stressed that theymust foresee contingencyfor the part ofthe systemunder their

responsibilit y. Theyshould consult with the T/DAQ group before freezing the

pipeline length.

· Two consecut ive LVL1 triggers will be separated byat least four (4) untriggered

crossings, as required by so me detector groups.

· The global LVL1 trigger systemwill guarantee that no more than M L1A will occur

in anygiven per iod, T. M and T will be adapted in order to maintain the dead-time as

low as possible.

· A n% dead-time has to be understood as n% ofthe t ime lost or n% ofthe data lost. It

includes at least the fo llowing sources:

· 4 BC without L1A after a L1A occured.

· Dead-time introduced bythe centraltrigger processor (M, T algor ithm).

· Dead-time introduced at the derando miser level.

· Dead-time introduced at the ROD level.

· Detector groups have so me freedo mto define their own strategyconcer ning the

derando mizer size and the raw data read-out speed, provided theyremain wit hin an

acceptable dead time ( see Fig. 6 in Chapter 5). 1

1 . However, it is pointed out that it isintended to contribute to the management of the derandomizers in

the LVL1 Central Trigger Processor (CTP) byevaluating, on a statistical basis, theoccupancyof the

derandomizers. It would therefore be better to have a more-or-less unified scheme within the experiment to keep

the LVL1 CTPreasonablysimple and to minimise the overall deadtime. The overall deadtime will at best be the

worst subsystem deadtime, but it could well be the sum of all subsystems deadtime in worst case. It is also of no

use for some subsystems to spend a lot of effort and moneyto optimise their local deadtime if the overall oneis

bad. Cross-detector discussions will therefore be essential to tackle thispoint.

DAQ-NO-103

09 June 1998

2. Identificat ion ofcomponents

A funct ional view ofthe systemfro mthe FE to the ROB (LVL2 trigger buffer) is given

in Fig. 2. This chapter defines the different components. The constraints placed on these

components are set out in Chapter 5.

Atlas TTC Signals

(BC, L1A,...)

Detector TTC signals (tests, calibration,...)

Detector Specific TTC Distribution

Standard TTC Optical Distribution

Input Selection

Electrical to optical

Conversion

                      TTC

                                                                                   FE Data Stream

                                                                                   FE Data Stream interface

                                                                        Error detection/recovery

                                                                        Processing

                                                                        Event format

                                                                                      Interface to RO link

                                                                                      RO link

                                                                       ROD

                                                                   Detector

                                                                       TTC

Detector

DCS

ROB

Level 1 Buffer

              &

Derandomizer

Detector Specific
Control modules

Standard
Control Modules

Detector Specific
Communication

Central DCS
Communication

Detector Control Elements

TTC

Buffer

Error detection/recovery

Processing

Link(s) to level 2 & 3 trigger

Processing

RO link

Event
request

RO Link

                                                 FE

                                       Data Streams

                                           Sub-detector Specific

DAQ

TTC

                                                                                Fig. 2 Funct ional view of the components

DAQ-NO-103

09 June 1998

2.1.  Front-e nd electr onics subsystem

                   The front-end electronics subsystem includes different funct ional components:

                   ·   The front-end analogue or analogue-digital processing.

                   ·   The LVL1 buffer in which infor mat ion (analogue or digital) is stored and is retained

                                for a time lo ng enough to accommodate the LVL1 tr igger latency. This element is

                                subject to constraints (size, extra infor mation, use o f TTC signals).

                   ·   The derando mizer in which the data corresponding to a LVL1 trigger accept (L1A)

                                are stored before being sent to the following level. T his element is necessar y to

                                accommodate the maximum instantaneous LVL1 rate without introducing deadt ime,

                                and is subject to constraints.

                   ·   Dedicated links or bu ses are used to transmit the fro nt-end data stream to the next

                                stage. Their speed, in conjunct ion with the derandomizer size, is subject to

                                constraints.

2.2.  Read-Out Driver (ROD)

                   The ROD is the functional element of the FE system where one can reach a higher level

                   of data concentration and mult iplexing by gather ing infor mat ion fro m several FE data

                   streams. Elementar y digit ised signals are formatted as raw data prior to be transferred to

                   the ROB. The data for mat of the event, as well as the error detection/recover y

                   mechanis ms are subject to constraints.

2.3.  Read-Out Link

                   Data are transmitted on this link from the ROD to the ROB at the L1A event rate. This

                   link is subject to constraints (physical inter face to ROB and protocol).

2.4.  Read-Out B uffer (ROB)

                   The ROB includes the LVL2 buffer and receives and stores the raw data from the ROD.

                   It performs the fo llowing tasks:

                   ·   Data storage during LVL2 and, for LVL2-selected events, at least until read-out to

                                LVL3 is co mpleted.

                   ·   Buffer management.

                   ·   Error detect ion and recover y, diagnost ics and on- line mo nitor ing.

                   ·   Data server for LVL2 and LVL3.

                   It may also perfor ms local pre-processing for LVL2 data ( ROIs) and LVL3 event

                   fragments ( formatting).

DAQ-NO-103

09 June 1998

                   We aim to have a single standard ROB design for the who le exper iment.

2.5.  Level-1 trigger system

                   The LVL1 trigger funct ion is provided by a 40 MHz synchronous system that receives

                   direct ly fro m the front-end electronics dedicated coarse data, organised and segmented in

                   an appropriate way. These data are extracted from the relevant FE electronics systems

                   and sent to the sub-trigger processors through dedicated LVL1 links. The funct ions

                   associated with the LVL1 trigger are:

                   ·   LVL1 trigger processors for the calorimeter and muo n systems.

                   ·    LVL1 central trigger processor in cluding deadt ime logic.

                   ·   Connection to TTC system.

                   These elements are subject to constraints.

2.6.  Timing, Trigger and Contr ol (TTC) system

                   The TTC system inter faces with the LVL1 CTP, DCS (in so me cases), LVL2 and/or

                   DAQ systems and the LHC machine and provides timing, trigger and control signals to

                   the FE Electronics Systems, RODs, LVL1 trigger processors and ROBs. It deliver s all

                   the fast signals which are synchronised to the LHC machine clock and orbit phase [3],

                   and which have to be compensated for different detector, electronics and propagation

                   delays. These include the LHC clock, L1A, BCR, ECR, select ive resets and synchronous

                   test commands. The system can also transmit asynchronous controls and data such as

                   trigger-type infor mat ion and individually-addressed channel enable, deskew-adjust and

                   calibrat ion parameters.

2.7.  Detector Contr ol Syste m (DCS)

                   The DCS will be the tool to operate all sub-detectors in a ho mogenous way and to

                   mo nitor continuously all their operational parameters. It will also supervise the commo n

                   exper imental infrastructure. Both funct ions are needed, not only for the safet y of the

                   detector, but also to ensure the qualit y of the phys ics data. The DCS will span the full

                   range of funct ions from glo bal operations per formed by the shift operator to detailed

                   interact ions done by the equipment expert.

                   A detailed descr iption o f the DCS will be provided. A "Detector Control System User

                   Requirements" [4] is under preparation.

DAQ-NO-103

09 June 1998

3.  Main issues

3.1.  Partitioning and I ntegration

                   Before having the who le T/DAQ system working, each detector group will have to make

                   autonomous tests, and to integrate their read-out system wit h the global one. Later,

                   dur ing physics running per iods, detector groups will st ill need to work independent ly and

                   concurrent ly, for instance in order to calibrate. This requires that:

                   ·   The DAQ is partit ioned in a coherent way and that the insertion or removal o f a

                                subsystem fro m the global DAQ should be per formed in a non-destructive and easy

                                way.

                   ·   The TTC system is partit io ned in the same coherent way wit hin the exper iment. The

                                use of the same TTC backbone by each sub-detector will help this operation.

                   ·   The DCS is partit ioned in the same coherent way.

                   To achieve the above, we must:

                   ·   Define clear ly the inter face between the  sub-detector read-out systems and the global

                                DAQ, 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 read-out par titioning

                   Both the LVL1 and LVL2 triggers will have to deal wit h data corresponding to well-

                   defined phys ical segments of the detector (towers, regions of interest). Although one

                   could imagine having a system able to access pieces of data distributed in an ar bitrar y

                   way over a large number of ROBs, it seems extremely important to minimise the number

                   of locations in which the required data are located. This will facilate  the data collect ion

                   and make the system cheaper and more reliable.

                   As a consequence, it is necessar y for both LVL1 and LVL2 trigger that the data are

                   grouped in order to match the trigger segmentation of ROIs or logical subsets of them, as

                   far as is possible.

                   The overall number of ROBs also has to be minimised. This requires that as many

                   channels as possible are gathered at the ROD level before being sent to the ROBs. This

                   implies the use of fast ROLs.

                   Matching the trigger segmentation and minimising the number of ROBs might be

                   antagonistic for some sub-detectors (for instance RPCs). In this case, pr iorit y should be

                   given to the trigger segmentation matching if the sub-detector participates to LVL2

                   trigger.

DAQ-NO-103

09 June 1998

3.3.  Error detection and err or recovery

                   We are facing a system co mposed of tens of thousands of elements running at high speed

                   and requir ing thousands o f links to read out the data. Similar ly, t iming signals (BC , ...)

                   and trigger signals (L1A) are broadcast at high rate to a large number of destinations.

                   The probabilit y per unit time to get a failure, either in the sub-detector electronics or in

                   distr ibut ing the timing and trigger signals, may be rather high co mpared to today’s

                   exper iments. As we cannot stop the data taking each time an element fails, one has to

                   foresee an error detection and recover y mechanis m at a ver y ear ly stage in the read-out

                   chain.

                   One can dist inguish several kinds of errors: FE errors ( e.g. a PLL which unlocks), data

                   transmissio n errors and synchronisat ion errors ( e.g. missing or extra L1A signal at the

                   FE level).

                   For the FE errors, one has to:

                   ·   Transmit error flags with the data, so that each leve l of th e read-out chain can detect

                                and flag the presence of an error and take the appropriate action. The range of error

                                protection may be different from one sub-detector to an other. The level of error

                                detection is a trade-off between safet y on one hand and extra complexit y in the FE or

                                extra bandwidth on the other.

                   ·   Foresee the possibilit y to reset the electronics locally in order to restart in proper

                                condit ions, without making a general reset of the who le exper iment.

                   ·  For FE synchronisation errors, one has to:

                   ·   Transmit with the raw data a unique ident ifier (BC number, LVL1 number) which

                                allows a check to be made of the alignment of the data whenever different pieces o f

                                an event are gathered (for the same trigger number, one should have the same BC

                                number).

                   ·  A utomat ic local recover y is required for simple errors.

3.4.  Initialisation and reset

                   In general, init ialisat ion of the front-end electronics needs a non-negligible t ime. It has to

                   be done at the start of a run in a fully- handshake way (one has to wait for the complet ion

                   of the init ialisat ions before starting the generat ion of triggers).

                   It may also happen that an error in part of a sub-detector FE system requires a reset to

                   recover. In this case, the reset has to be local and should not disturb the data taking of the

                   other parts of the sub-detector.

                   For sub-detectors requir ing frequent FE-reset signals, a global mechanism for generat ing

                   regular resets is foreseen: at periodic intervals ( frequency o f the order of 1 Hz to be

                   defined) a time window (length to be defined) will be provided by the CTP, during

                   which there will be no L1A signals. This will allow one to empt y the LVL1 buffers and

DAQ-NO-103

09 June 1998

                   derando mizers, and to reset the FE electronics without disturbing the data taking. A

                   broadcast command will be sent by the TTC system at the beginning of this time

                   window.

3.5  Timing of the e xperime nt

                   Facilit ies have to be provided to adjust the timing signals at several levels

2
:

                   ·   Master phase adjust ment relat ive to the LHC orbit.

                   ·   Fine deskew of the BC clock phase at all dest inat ions.

                   ·   Global relat ive t iming adjustment between BCR and L1A to associate the trigger

                                decisio n with the appropriate BCID.

                   ·   Timing adjust ment of BCR and L1A (together) to compensate the delays due to time-

                                of- flight, detector, electronics and signal-propagatio n delays. This will also be

                                needed to allow cosmic ray runs in order to take data, align the detector, etc., before

                                beams are available.

                   ·   Separate timing adjust ment for fast controls to allow the generat ion of test signals

                                with different delays.

                   Each detector group has to develop a strategy which will allow the adjust ment of the

                   timing (within their detector and relat ive to the other detectors) for cosmic ray,

                   calibrat ion/alignment and physics runs. The practicalit y o f this strategy is crucial.

3.6.  Calibration and monitoring aspects

                   These tasks can be done at the ROD and/or ROB level. Spying on the data at the ROD or

                   ROB level dur ing a run may be possible, but only under the condition that it does not

                   significant ly increase read-out dead time or latency. T he trigger type might be necessar y

                   at the ROD level for signal condit ioning in some case, and will be made available by the

                   TTC system.

                   It is desirable to have monitoring capabilit y at the ROD level to allow running

                   independent of the main DAQ system (especially dur ing the integration phase or for

                   debugging purpose). This does not imply to develop another data acquisit ion system but

                   to foresee access to the data at the ROD level. Monitoring at the ROB level is also

                   desirable as one has access to more infor mat ion ( e.g. LVL2 trigger decisio n).

2

  .
                         The standard TTC system provides the facilities that allow these timing parameters to be adjusted at the

level of the outputs from the timing receiver ( TTCrx) chips. Detector groups must provide any additional delay

adjustments necessary ( e.g. to compensate differential delays in a subsequent detector-specific distribution

scheme). The subaddress/data transmission facility of the TTC system may be used to control these additional

adjustments.

DAQ-NO-103

09 June 1998

3.7.  Engineering iss ues

                   We will have to produce a very large number of electronics elements and maintain them

                   for a long t ime. Further more, it is ver y likely that we will face upgrades dur ing the

                   lifet ime o f the exper iment. The system has to be flexible, modular and suffic iently

                   decoupled enough to allow easy upgrades of different parts.

                   It is ver y desir able to standardise elements as much as possible in the exper iment; this

                   will reduce the design, production and maintenance cost.

                   Accessibilit y is an important point which should be kept in mind.

                   Testabilit y o f each elements of the read-out system has to be foreseen.

DAQ-NO-103

09 June 1998

4.  T/DAQ Front-end Boundaries

                   This part of this document defines the boundar ies between the FE and T/DAQ systems in

                   terms of responsibilit y (system design, cost accounting, maintenance and operation) for

                   the different components of the system.

4.1.  Front-e nd electr onics system

4.1.1.  Level-1 Buffer

                   Detector groups are responsible for providing the buffer. The requirements given in

                   Chapter 5, concerning its length or depth and the infor mation to be added to the raw

                   data, must be satisfied.

                   The T/DAQ group is responsible for making available to the detector groups the standard

                   TTC signals (BC, L1A and fast control signals) from which the signals necessar y for the

                   operation of the buffer can be der ived. The L1A signal fro m the CTP will be valid a

                   fixed number of bunch crossings after the interaction occurred and there will be no

                   significant fluctuation in this timing after the experiment has been set up.

                   The TTC system can be used by the detector groups to adjust the timing to match their

                   LVL1 buffer length.

4.1.2.  Derandomizer

                   Detector groups are responsible for providing the derando mizers. The requirements

                   given in Chapter 5 concerning the maximum deadtime introduced at the derando mizer

                   level must be satisfied.

                   The T/DAQ group is responsible for introducing two untriggered bunch crossings after a

                   L1A, as requested by so me detector groups.

                   The T/DAQ group is responsible for introducing deadt ime when derando mizers are

                   estimated to be near ly full. This means that the Central Trigger Processor runs an

                   algor ithm to estimate the occupancy o f the derando mizers. This is done on a statist ical

                   basis only and detector groups have to protect against over flow, especially if they

                   perfor m zero suppression or data compressio n before the derandomizer stage. In

                   addit ion, the CTP will guarantee that no more than M L1A signals will be issued within

                   any given per iod, T.

                   As ment ioned ear lier, cross-detector discussions will be necessar y to define a unifor m

                   strategy at the derando mizer level in order to obtain the lowest possible overall

                   deadtime.

DAQ-NO-103

09 June 1998

4.1.3.  Front-e nd data stream

                   Detector groups are responsible for the transmission of the data from the FE electronics

                   to the rest of the system. The speed of the data stream, in conjunct ion with the

                   derando mizer  size, have to be sufficient to fulfil the requirements concerning deadt ime

                   given in Chapter 5.

4.2.  Read-Out Driver

                   Detector groups are responsible for providing this part of the system. A local error-

                   detection and error-recover y mechanism has to be implemented in order to avoid data-

                   taking blo ckages.

                   Detector groups are responsible for providing a BUSY signal to force the LVL1 Central

                   Trigger Processor to introduce deadtime when necessar y. The t ime necessar y for this

                   BUSY signal to reach the LVL1 CTP may be long ( e.g. if the RODs are far away fro m

                   the LVL1 CTP) and several L1A signals can still be issued after the ROD asserts it.

                   Detector groups are responsible for for matting the data sent to the ROB, as specified in

                   Chapter 5.

4.3.  Read-Out Link

                   Detector groups are responsible for providing the RO link. It has to comply wit h the

                   specifications given by the T/DAQ group. A standard RO link will be proposed.

4.4.  Read-Out B uffer

                   The ROB is the fir st place in the read-out where full unifor mit y and standardisat ion can

                   be achieved across the who le detector. This is why this funct ion should be separated

                   fro m the Front-End Electronics System. Another advantage of this separat ion is

                   increased flexibilit y in the design o f higher- level event-select ion schemes:

                   ·   By allowing later decisio ns than for the FE electronics and as a consequence,

                                allowing the use of better techno logies.

                   ·   By allowing changes in LVL2 latency and later upgrades wit hout interfer ing with the

                                FE electronics.

                   The T/DAQ group is responsible for providing the standard ROB of ATLAS.

                   Detector groups are expected to contribute, within the T/DAQ project, to the

                   specifications and the design of the ROB to make sure that their requirements are

                   satisfied.

DAQ-NO-103

09 June 1998

4.5.  Timing, Trigger and Contr ol system

                   For each detector the T/DAQ group will provide and be responsible for maintaining a

                   standard TTC system based on RD12 techno logy. The system will make available the

                   timing, trigger and control signals of the exper iment through an optical distr ibution

                   system. It will co mpr ise the required number of TTC laser transmitters, and TTCvi

                   modules.

                   The system allows detector groups to run in stand-alo ne mode for development, test,

                   calibrat ion runs, etc. It also has internal clock and orbit generators to allow operation in

                   the development phase when the LHC signals are not available.

                   The T/DAQ group will be responsible for the cost up to the destinat ion ends of the

                   standard TTC system optical fibre distribut ion network. The detector groups will be

                   responsible for the cost of the opto-electronic receiver s and TTCrx ASICs (or

                   equivalent) for subsequent decoding of the signals, and their integration in the FE

                   electronics.

                   The point at which conversio n is made from the standard TTC distribut ion system to any

                   addit ional 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, so

                   that the standard system can be optimised.

4.6.  Detector Contr ol Syste m

                   The T/DAQ group will provide each sub-detector with one or more Local Control

                   Stations (LCS), each of which consists of a crate with processor and network interface

                   and an operator console. The skeleton software and general ser vices (configurat ion data

                   base, operator interface, alar m system, diagnostics system, data base for data logging,

                   logging of interactions and incidents, etc.) will also be provided. Sub-detector groups can

                   be supplied (at their expense) with standardised modules for the LCS crate ( e.g. fieldbus

                   inter face, mult iplexed ADC, I/O units) together with the corresponding so ftware.

                   Sub-detector groups have to provide the modules for the LCS crate, interfacing to their

                   specialised hardware ( front-end electronics, gas system, calibrat ion system). They are

                   responsible for the corresponding software.

DAQ-NO-103

09 June 1998

5.  Require ments and rules

                   This chapter gives rules to be fo llowed at each level o f the read-out system, from the FE

                   electronics system up to the ROB.

5.1.  FE Electronics System

5.1.1.  Level-1 Buffer

Rule 1.1.

                   The LVL1 buffer has to be big enough to accommodate the maximum possible LVL1

                   trigger latency. If it is implemented as a pipeline, the infor mat ion fro m the detectors has

                   to be stored at the 40 MHz clock rate (or a mult iple of it) until the LVL1 trigger decisio n

                   is available.

Remark.

                   Where LVL1 pipelines are longer than the LVL1 trigger latency, the L1A signal can be

                   delayed to match the pipeline length. Provisio n is made for such delays in the TTCrx

                   ASIC.

Rule 1.2.

                   It is the responsibilit y o f the sub-detector groups to calculate the required size of the

                   LVL1 buffers. They must consult with the T/DAQ group before freezing the buffer size,

                   to allow a final check that the LVL1 latency, including the part under the responsibilit y

                   of the sub-detector group, has not been underest imated. The following notes are given to

                   help the sub-detector groups in calculat ing the buffer size ; t he T/DAQ group should be

                   consulted for clar ification and advice, where required.

Notes.

                   The LVL1 trigger latency has been co mputed on the fo llowing basis:

                   ·   The target latency for the LVL1 trigger is 2 μ s 3 , to which 500 ns of contingency has

                                been added to allow for changes in cable routing, alter native schemes for providing

                                data to the LVL1 trigger, details of electronic design, etc. For sub-detectors using the

                                standard TTC distr ibution system and the shortest cables possible for returning the

                                L1A signal to the FE electronics, this gives a maximu m latency 2.5  μ s.

                   ·   The quoted latency is measured fro m the (average) t ime when protons collide. It

                                includes all delays up to the output of the standard TTCrx ASIC, including

                                propagation delays on cables and fibres between the CTP and the on-detector

3

  .
                          In the Technical Proposal, a longest fibre length of 75 m from the CTP via the TTC to the standard TTC

receivers was assumed. Correcting for an updated cable-length estimate of 81 m and based on an average

propagation delay of 5 ns per meter, the present best estimate of the latency is 2.06  μ s assuming an independent

trigger ADC system for the LVL1 calorimeter trigger.

DAQ-NO-103

09 June 1998

            electronics. Fig. 3 shows the different parts of the LVL1 trigger processor and TTC

            distr ibut ion system.

·   In the fo llowing, a number of items are listed which lie outside the control of the

            T/DAQ group, and which are therefore excluded fro m the above latency calculat ion.

·   The quoted latency

                                                                                         DOES NOT INCLUDE ANY EXTRA DELAY INTRODUCED TO

            DISTRIBUTE THE

                                                                   L1A
                                                                                    SIGNAL BY MEANS OTHER THAN THE STANDARD

TTC
SYSTEM

.

·   The quoted la tency

                                                                                       DOES NOT INCLUDE DELAYS WITHIN THE ON

-
DETECTOR

FE

            SYSTEMS BEYOND THE OUTPUT OF THE

TTC
RX

ASIC.

·   The quoted latency assumes that the cables returning the L1A signal to the on-

            detector electronics fo llow the shortest possible pat h. It
DOES NOT INCLUDE ANY

            EXTRA DELAYS INTRODUCED BY LONGER CABLING ROUTINGS DUE TO SPECIAL

            IMPLEMENTATIONS

                                                                             (
                                                                                E

                                                                                    .
                                                                                      G

                                                                                          .
                                                                                               RETURN PATH VIA REMOTELY

-
LOCATED

ROD
S

).

·   The quoted latency

                                                                                    DOES NOT INCLUDE THE NEED FOR SOME SUB

-
DETECTORS TO

            RECORD SAMPLES PRIOR TO THE

                                                                                                                      BC
WHICH GAVE RISE TO THE

LVL1
TRIGGER

.

·   In some implementations o f LVL1 buffers, provisio n is made to remove defect ive

            cells by programming the buffer manager. In such cases, the number of cells required

            should be calculated so that the buffer size meets the latency requir ement after the

            expected (worst case) number of defect ive cells has been subtracted.

DAQ-NO-103

09 June 1998

                Fig. 3 LVL1 trigger latency shown for a sub-detector using the standard TTC

                                                                           components up to the FE electronics level

                                                TIME t0

                                               P P

                                                                LVL1 FE electronics

LVL1 Sub-detector Processor

                                                         Central LVL1 Trigger Processor

                                                                                                          (CTP)

L1A

Sub detector

Standard TTC

                                                                                                              TIME t0 + 2.0 μs

Maximum

                                                                                                     including contingency

TIME t0 + 2.5 μs

Maximum

Including contingency

FE

Standard

TTCrx

                                                             Underground Counting Room

                                                                                            On-detector

DAQ-NO-103

09 June 1998

5.1.2.  Derandomizer size

Rule 2.1.

                   When a L1A signal occurs, the data stored in the LVL1 pipeline, corresponding to the

                   bunch crossing which produced the trigger, have to be transferred to the next level o f

                   buffer ing (ROD). Due to the random time of arr ival o f the L1A signal and the limited

                   transmissio n speed, a derando mizer stage has to be foreseen. The size of the

                   derando mizer  and the speed o f the FE links have to be chosen in order to limit the

                   deadtime  introduced at the level of the derandomizer  to a value less than 1% in the worst

                   case for the sub-detector as a whole wit h a L1A rate of 75 kHz . When running at 100

                   kHz, it is acceptable to introduce up to 6% of dead-time (or data loss). Fig. 4 gives the

                   percentage of events lost as a function o f these two parameters, calculated for 100 kHz

                   average L1A rate. As ment ioned ear lier, it is important to have so me unifor mit y in the

                   derando mizer stage in order to minimise the overall deadt ime. Cross-detector discussio n

                   will be necessar y before the derandomizer designs are frozen.

Rule 2.2.

                   If zero suppression or data compression is per for med before the derandomizer stage,

                   possibly huge fluctuations in event sizes have to be foreseen. Detection and flagging of

                   possible over flows should be considered.

Rule 2.3.

                   The occupancy o f the derando mizers has to be est imated in order to limit losses of events

                   when they beco me full. The traditional way of assert ing a BUSY signal to force the CTP

                   (LVL1 Central Tr igger Processor) to introduce deadtime  is not practicable in ATLAS

                   because of the distance between the FE electronics and the CTP and the high LVL1

                   trigger rate: several hundred ns  typically would be necessar y for this BUSY signal to

                   reach the CTP; dur ing this time several L1A could still arr ive. Such a scheme would

                   therefore require large derando mizers or introduce extra overall deadtime.

                   In view of the above, the occupancy of the derando mizers is monitored on a statist ical

                   basis in the CTP. Deadtime necessar y to limit the loss of data is introduced in the CTP.

Remarks.

                   In order to limit the complexit y o f the CTP and the overall deadt ime, a unifor m approach

                   ( derando mizer size, read-out speed) between the sub-detectors is desir able

4
.

4

  .
                          The evaluation of the derandomizer occupancy could also be done at the ROD level, but here again the

time necessary to transmit a BUSY signal to the CTP could be excessi ve.

ATLAS Internal Note

DAQ-NO-103

09 June 1998

                                     Fig. 4 Percentage of  events lost versus derando mizer size and read-out speed, for an average

                                  L1A rate of 100 kHz and an exponential distr ibut ion of the time between two consecutive L1A

signals.

0.01

0.110100123456789101112133 μs

4 μs

5 μs

6 μs

7 μs

8 μs

9 μs

Derandomizer size [events]

Lost events fraction [%]

DAQ-NO-103

09 June 1998

5.1.3.  Bunc h-cr ossing and trigger ide ntifiers in FE electronics

                   It is planned to ident ify uniquely the events with two ident ifier s: the Bunch Crossing

                   Ident ifier and the L1A ident ifier. The BCID is a 12 bit number which gives the BC

                   number within an LHC turn at which the event occured. The L1ID is a 24 bit number

                   which gives the L1A number. From the ROD level, the full length BCID and L1ID must

                   be provided. It is possible to have shorter BCID and L1ID at the FE level.

Rule 3.1.

                   In addit ion to the raw data, sub-detector systems will have to provide a unique bunch

                   crossing number with abso lute meaning to allow subsequent error detection and

                   recover y.

                   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. The

                   BCR signal has to be adjusted in time to get the correct abso lute meaning o f the

                   FE_BCID.

Remark.

                   Alt hough the introduction of the full 12- bit FE_BCID at the input of the FE buffer is the

                   safest way to detect alignment errors, it could be that the addit ional cost to the FE

                   electronics is deemed too high. In this case, a FE_BCID with a smaller number of bits

                   could be used init ially. I n this case the full FE_BCID must be for med at the

                   derando mizer level or, at the latest, at the ROD level. The probabilit y to have wrongly

                   synchronised events that are not detected has to be kept at an acceptable level (to be

                   defined).

Rule 3.2.

                   In addit ion to the raw data and the FE_BCID, sub-detector systems must add a FE_L1ID

                   number (event number for med by count ing L1A). This FE_L1ID must have a minimum

                   number of bit s and must be resettable. A minimum of 4 bits seems reasonable.

Remark.

                   Alt hough the introduction of a FE_L1ID number at the input of the derando mizer is the

                   safest way to detect alignment errors, it could be that the addit ional cost to the FE

                   electronics is deemed too high. In this case, the full FE_L1ID must be formed at the

                   ROD level.

DAQ-NO-103

09 June 1998

5.2.  Read-Out Driver

Rule 4.1.

                   The ROD receives data from derando mizers at the L1A event rate. Whenever possible,

                   the ROD output should match the ROI segmentation or a subset of it; the sub-detector

                   groups must discuss with the T/DAQ group on this po int.

Rule 4.2.

                   The ROD receives all the standard TTC signals including ROD_L1ID (event number)

                   and ROD_BCID (BC number corresponding to L1A), and the trigger type. ROD_L1ID

                   must have 24 bits to accommodate about 160 seconds of running with a unique

                   ROD_L1ID per event (sufficient to ident ify uniquely any event in the T/DAQ system).

                   ROD_L1ID must be resettable. ROD_BCID must have 12 bits to accommodate a

                   complete machine turn with a unique bunch crossing number. ROD_BCID should be

                   reset each time BCR occurs so that it has an abso lute meaning. If the ROD uses the

                   RD12 TTCrx ASIC to decode the TTC signals, these two pieces of infor mat ion are

                   available.

Rule 4.3.

                   When gather ing data coming fro m different derando mizers, the ROD must check that the

                   FE_L1ID numbers are consistent with each other and with the low-order bits of

                   ROD_L1ID. It must also check that the different FE_BCID numbers are ident ical wit h

                   each other and are consistent with the ROD_BCID number.

                   If a mis match occurs, the ROD must flag the event with an error code. It must then either

                   try to recover or continuously send error-flagged events unt il a FE_Reset occurs. It must

                   not stop the data taking, as it might be that only a sma ll part of the data are bad.

Rule 4.4.

                   From the different pieces of event coming fro m the derando mizers, and after processing

                   ( if any), the ROD must build an event fragment including at least the fo llowing

                   infor mat ion:

                   ROD_L1ID 24 bits

                   ROD_BCID 12 bits

                   ERROR/STATUS

                   ROD_MODULE_ID

                         DAT A

DAQ-NO-103

09 June 1998

                   ROD_MODULE_ID is a module identifier which is unique and which could be used to

                   check connections. The content will be defined later (it could be for instance T ype

                   Ident ifier and Ser ial Number).

                   ERROR/STATUS is used to flag error condit ions and gives status infor mat ion such as:

                   ·   Synchronisat ion error d etected.

                   ·   FE error detected.

                   ·   Physics data.

                   ·   Fake data.

                   ·   Empt y event.

                   ·   ...

                   Standard codes will be defined later.

                   This event format does not include the event separator, which will be defined later. Even

                   if there is no data for a given event, the other informat ion must be sent.

                   A co mplete event format cannot yet be fully defined. It will be done in due course.

Rule 4.5.

                   The event data have to be sent to the ROB through the RO links at the L1A event rate

                   ( i.e. all the data of all the events have to be transmitted to the ROB). The event ordering

                   has to be maintained to facilitate event handling and checking in the ROB. An out-of-

                   order arrival o f events would require, for instance, a time-out mechanism to detect

                   missing events; although feasible, it would co mplicate the input part of the ROB.

Rule 4.6.

                   Due to the limited speed of the RO link, a buffer could be necessar y before the link; this

                   buffer must be protected against overflow. If this buffer is near ly full, the ROD has to

                   provide a ROD_BUSY signal in order to stop L1A generat ion. A global ROD_BUSY

                   ( logical OR of the ROD_BUSYs) per sub-detector has to be provided to the CTP. The

                   CTP will mo nitor the global ROD_BUSY signals it receives. Individual ROD_BUSY

                   signals have to be monitored by the sub-detector systems and must be resettable and

                   maskable in order to avoid data-taking blockages.

                   The transmissio n of the ROD_BUSY to the CTP will be specified in due course

                   (electr ical specificat ions, connectors, cables ,...). A standard module handling several

                   ROD_BUSYÕs, allo wing their control (status, enable/disable) and monitor ing (duration)

                   and their transmissio n in a hierarchical way will be made available to the sub-detector

                   groups (at their expense).

                   It is the responsibilit y o f the sub-detector groups to define the time at which the ROD

                   must assert ROD_BUSY. They must take into account the time for this signal to reach

DAQ-NO-103

09 June 1998

                   the CTP, the number of L1A which can occur during this time and the number of events

                   already stored in the derando mizers.

Rule 4.7.

                   A test mode where fake events with known data (either fixed pattern or known pattern

                   loaded by so me means) are produced, has to be foreseen in order to be able to test the

                   read-out chain fro m the ROD level up to ROB.

Rule 4.8.

                   If access to the data by means other than the normal read-out is possible ( for monitor ing

                   for instance) , it should not introduce deadtime or addit ional latency. It should not

                   inter fere wit h the main read-out (by freezing part of the buffers or slowing down the

                   read-out, for instance).

Rule 4.9.

                   Dur ing the init ialisat ion phase (before the start of data taking), the ROD has to assert

                   ROD_BUSY unt il the init ialisat ion is completed, in order to start the data taking only

                   when the init ialisation is finished.

                   A full handshake mechanis m will be defined.

Rule 4.10.

                   If, because o f an error in the FE electronics connected to the ROD, a local reset has to be

                   generated, the ROD should not assert the ROD_BUSY dur ing this operation. It should

                   produce empty events with the proper error flag unt il it is able to re-establish

                   synchronisat ion and send normal data.

5.3.  Read-Out Link

Rule 5.1.

                   A standard RO link specificat ion, with which the sub-detector groups have to comply,

                   will be provided by the T/DAQ group.

Rule 5.2.

                   The RO links are used to transmit the data from the full sub-detector for all the events

                   fro m the RODs to the ROBs at the L1A event rate. The bandwidth must be large enough

                   to accommodate the average data rate expected for the maximum LHC luminosit y and a

                   L1A rate of 100 kHz. Suffic ient safety margin must be included for uncertaint ies in the

                   occupancy (taking into account the protocol overhead).

DAQ-NO-103

09 June 1998

Remarks

                   This link must include a test mode in order to check it easily in situ.

                   We expect to implement an XON/XOFF mechanism o n this link, so that the ROD knows

                   when the ROB occupancy is too high and can assert its ROD_BUSY. If this mechanism

                   were not included, the ROB would have to assert its own BUSY in order to introduce

                   deadtime, at a time which is ver y dependent on the ROD structure (buffer size, etc.); this

                   might har m the concept of having a standard ROB module.

Rule 5.3.

                   The output port of this link ( input of the ROB) has to comply wit h the ROB

                   specification.

Rule 5.4.

                   If it is foreseen that the ROB will accept non-event data ( e.g. calibrat ion data), the

                   bandwidth of the link must accommodate the possibly large data-transfer rate.

5.4.  Read-Out B uffer

Rule 6.1.

                   A standard ATLAS ROB will be provided. The funct ional specificat ion will be descr ibed

                   in a separate document.

Rule 6.2.

                   The raw data of a given event fragment should be available in each ROB wit hin a

                   reasonable time fo llowing the L1A signal, co mpat ible with the overall L2 latency

                   (typically the delay should not exceed 100 μ s). The for mat of raw data must fo llow the

                   standard rule 4.4.

Remarks

                   The ROB will be located on the ground floor and be physically decoupled fro m the FE

                   electronics.

                   All the data of all the events are received at the L1A event rate. The buffer size has to

                   accommodate the maximum LVL2 trigger latency and LVL3 trigger data read-out

                   latency for at least a few % of the events for the full LHC luminosit y and L1A rate of

                   100 kHz. Sufficient safet y factors must be included for uncertainties on the LVL2

                   latency and rejection factor

                                                                                                               5
                                                                                                                  , and for the time needed for the data to be sent to the LVL3

5

  .
                          The Technical Proposal assumes a LVL2 rejection factor of 100. This means that only 1% of the events

have to be retained in the ROB. Nevertheless it is necessary to foresee a reasonable safet y margin.

DAQ-NO-103

09 June 1998

                   trigger processors. In particular, it has to be foreseen that during B-phys ics data taking

                   the number of events which have to be retained until the end of LVL3 trigger read-out

                   may be higher (possibly 10% of the LVL1-accepted events).

                   The ROB receives all the TTC signals and maintains a table o f expected events with a

                   ROB_L1ID number (24 bits) and a ROB_BCID number (12 bits) in order to check the

                   events coming fro m the ROD.

                   In case of an error it should fo llow the same rules as the ROD.

                   Communicat ion wit h the LVL2 and LVL3 trigger processors (event requests and clear,

                   data links ,...) will be subject to specificat ions (to be defined) which will have to be

                   fo llo wed.

                   A test mode, in which fake events with known patterns (either fixed or loaded by so me

                   means) are generated, must be foreseen in order to test the read-out chain fro m the ROB

                   level upwards.

                   If access to the data by means other than the normal read-out is possible ( for monitor ing

                   for instance), it should not introduce any significant deadtime  or addit ional latency and

                   should not interfere with the main read-out (by freezing part of the buffers or slowing

                   down the data transmissio n to the LVL2 and LVL3 trigger processors, for instance).

                   If the RO link does not implement an XON/XOFF mechanism, the ROB has to produce

                   a ROB_BUSY signal when the buffer is near ly full, so that the CTP can introduce

                   deadtime. A glo bal ROB_BUSY (logical OR of the ROB_BUSYs) per sub-detector has

                   to be provided to the CTP. The CTP will monitor the global ROB_BUSY signals that it

                   receives. Individual ROB_BUSY signals have to be monitored by the T/DAQ system

                   and must be resettable and maskable in order to avoid data-taking blockages.

5.5.  Timing, Trigger and Contr ol system

Rule 7.1.

                   One or more standard TTC systems (transmitter crates, modules, optical distr ibution

                   network) will be provided by the T/DAQ group for each sub-detector group. The system

                   (see Fig. 5) delivers through optical fibres the standard TTC signals such as the LHC

                   clock, L1A and fast control signals. Some of the timing signals are shown in Fig. 6 and

                   LHC timing parameters are summar ised in Table 2. Further details are given in [3].

                   The system will also provide for the distribut ion of sub-detector-specific commands and

                   data provided by the sub-detector groups.

                   The system has internal t iming generators to allow test running when the LHC machine

                   signals are not available, and can accept a local trigger or trigger emulat ion source

                   instead of L1A.

DAQ-NO-103

09 June 1998

Rule 7.2.

                   The fo llowing signals will be available fro m a standard TTC timing receiver ASIC

                   ( TTCrx) or equivalent:

                   ·   40.08 MHz clock of programmable phase, der ived fro m the LHC machine clock. A

                                non- deskewed clock is also available for processor use.

                   ·   BCR Ð Bunch Counter Reset. Signal broadcast once per LHC orbit  (88.924 μ s) to

                                reset the local bunch counters. By means of a programmable delay, the BCR timing

                                is adjusted to match the bunch counter phase to the arr ival of the corresponding sub-

                                detector data at the output of the pipeline, compensat ing for the different particle

                                flight times and detector, electronics and propagatio n delays.

                   ·   L1A Ð Level-1 Tr igger Accept. The LVL1 CTP generates the L1A signal a fixed

                                time interval after the interaction occurred, for event s passing the LVL1 trigger

                                cr iteria. The TTC system broadcasts the L1A and BCR signals wit h a relat ive timing

                                such that, when they are deskewed by the same dela y, L1A is delivered by the TTCrx

                                concurrent ly wit h the BCID to which it corresponds.

                                                                                       Fig. 5 TTC transmitter system co mponents

                   ·   ECR Ð Event Co unter Reset. Signal broadcast to reset all event counters.

                   ·   Synchronous Command Signals. These fast control signals are broadcast by the TTC

                                system to control the running of the exper iment (Clear, Run, Pause, Restart, Abort,

                                Stop, selective Resets, window for FE resets, etc.). Once all the required commands

                                have been established a unifor m set will be defined for use by all sub-detectors. This

                                facilit y also provides for the broadcast ing of synchronous commands to sub-detector-

DAQ-NO-103

09 June 1998

                                specific test generators. The commands are deskewed by a separate delay fro m that

                                of L1A and BCR.

                   ·   Asynchronous commands and data. For the transmiss io n of individually-addressed

                                slow controls and data such as channel-enables, calibrat ion parameters or deskew

                                values for addit ional programmable delays external to the TTCrx. Also used for

                                inter nal TTCrx tests, control and deskew programming.

                   ·   Error. TTC signals are checked by the receiver for var ious par it y, phase and overrun

                                errors to detect defective system components.

                                                                                                    Fig. 6 Tim ing scheme

  Revolut ion time 88.924 μ s

  Bunch crossing rate 40.08 MHz

  Bunch spacing 24.9501 ns

  Bunch train 81

  LHC extraction gap 3170 ns = 127 missing BC

  LHC injection gap 950 ns = 38 missing BC

  SPS inject ion gap 220 ns = 8 missing BC

  Number of real Bunch Xings 2835

  Number of CLK per iods 3564

Table 2 LHC timing

Rule 7.3.

                   The fibr es, optical tree couplers and connectors which distribute the standard TTC

                   signals to the modules using them are provided by the T/DAQ group.

Rule 7.4.

                   The sub-detector groups are responsible for the cost of the opto-electronic receivers and

                   ASICs for the reception and decoding of the TTC signals, and for their integration in the

                   FE electronics. (Standard components for these funct ions are being developed by RD12).

                   Any addit ional sub-detector-specific systems for the further distribut ion of the TTC

                   signals are also the responsibilit y o f the sub-detector groups emplo ying them.

DAQ-NO-103

09 June 1998

Rule 7.5.

                   The standard TTC system provides for timing adjust ment up to the TTCrx outputs. In the

                   case that a TTCrx services a group of channels having significant ly different time-of-

                   flight or sub-detector-specific distribut ion delays, sub-detector groups have to foresee the

                   addit ional delay co mpensat ion elements required. These elements may be controlled by

                   the individually-addressed asynchronous command and data-transmissio n facilit y o f the

                   standard TTC system.

Rule 7.6.

                   Detector-specific extensio ns of the standard TTC system should have the same basic

                   capabilit ies as the standard system, namely:

                   ·   Phase or timing adjust ment of BC, L1A, BCR, ECR and synchronous commands at

                                the module or channel level as appropriate.

                   ·   Capabilit y to send commands without introducing s ignificant deadtime.

5.6.  Detector Contr ol Syste m

                   Rules to be defined.

DAQ-NO-103

09 June 1998

References

[ 1] ATLAS technical proposal December 94

 [2] RD12 B.G. Taylor . Timing, Trigger and Control distr ibution for LHC detector.

http://www.cern.ch/TTC/intro.html

 [3] Brouzet  etal . The LHC Proton inject ion chain

                                                  CERN PS 93-39 (DI)

                                                  CERN SL 93-37 (AP)

                                                  LH C Note 256, October 93

 [4] H. Burckhart - DCS user requirement document ( in preparation)

 [5] ATLAS-GEN-14. Report of the Global Descoping Task Force, Nov. 95.