Timing, Trigger and Control (TTC) Systems for the LHC

M. Joos since counter reset on 1 October 1995.

All data on LHC parameters and commissioning plans are provisional.

Index Latest documents RD12 Introduction LHC bunch collisions TTCmi machine interface TTC transmitters TTCoc optical coupler Optical attenuators TTC repeater Laser safety Encoding L1A latency TTCvi VME interface Optical fibre RD12 connector Optoelectronic receiver TTCrx receiver ASIC QPLL auxiliary TTCrm mezzanine TTCrq mezzanine UMD mezzanine TTCbi BST receivers TTCvr VME receiver TTCpr PMC receiver TTCsr simple receiver TIM Synchronisation Error correction and recovery TTC at Level 2/3 TTC Workshops Structured test beam Documents TTC mailing list

Shortcuts to related topics Support Maintenance Acknowledgment Appendix: reader for .pdf files

Latest documents "Timing Distribution at the LHC" TTC machine interface (TTCmi) User Manual TTC-VMEbus interface (TTCvi) Manual TTC Laser transmitter (TTCex, TTCtx, TTCmx) User Manual "Radiation Qualification of Commercial off-the-shelf p-i-n Receivers for the TTC System" Timing receiver ASIC (TTCrx) Reference Manual TTCrq mezzanine card Preliminary Description Beam observation BST receiver (BOBR) Draft Specifications "Timing and Synchronization in the LHC Experiments"

RD12 The TTC system was initially developed by RD12, an LHC Common Project financed by EP and SL Divisions and

The RD12 collaboration included TTC representatives from ALICE, ATLAS, CMS and LHCb as well as CERN EP/ATE, EP/CMD, EP/CME, EP/MIC and SL/BI Groups, Rutherford Appleton Laboratory, the FERMI project and additional industrial optoelectronics and micromechanics partners Honeywell Ltd and Lemo SA

Introduction The overall TTC system architecture provides for the distribution of synchronous timing, level-1 trigger, and broadcast and individually-addressed control signals, to electronics controllers with the appropriate phase relative to the LHC bunch structure, taking account of the different delays due to particle time-of-flight and signal propagation. Within each trigger distribution zone, the signals can be broadcast from a single laser source to several hundred

LHC bunch collisions At the start of coast, the LHC beams will have a cosine-squared longitudinal bunch profile with a total base length of reference clock. Bunch-to-bunch variation due to the transient beam loading in the RF cavities will result in a further

For the colliding bunches, it is estimated that at the start of coast 95% of the distribution will be within a length of 18 cm (600 ps). During 10 hours of coast the bunch length will increase by 30% and the cosine-squared distribution will

It is now planned that the first LHC magnet will be installed in January 2004 and injection in two octants will be tried in early 2006. Installation should be complete and cool down started in October 2006. Commissioning with the first beams should take place in April 2007 and physics should start in mid-2007. It is possible that initial running will be with a bunch spacing of 75 ns

TTCmi machine interface The 40.08 MHz LHC bunch-crossing clock and 11.246 kHz orbit signals are broadcast over the same singlemode optical fibres from RD12 high-power laser transmitters which have been installed in the Prevessin Control Room (PCR). The combined signals will be received at each of the 4 underground LHC experiment areas by a TTC machine interface (TTCmi) minicrate containing an LHCrx module. The jitter of the received clock is reduced in the TTCmi to less than 10 ps rms

The TTCmi can be equipped with a variable number of electrical clocks fanout (TTCcf) modules which allow the low-jitter clock to be distributed by short coaxial cables to the encoders of the laser transmitters for each trigger master phase adjustment for the orbit signal and facilities for

Two TTCmi have been constructed for each LHC experiment and they have initially been used at the GIF, X5A, X5B and X7 test beam facilities in the West Area and H2, H4, H6 and H8 in the North Area. At each LHC experiment, the second TTCmi will be installed adjacent to the main one and fed via an independent optical fibre from the PCR so that

The TTCmi is described in the RD12 working document "TTC machine interface (TTCmi) User Manual" by B.G.

A review of the system is given in "Timing Distribution at the LHC", B.G. Taylor, presented at the Eighth Workshop

A second PCR transmitter has been installed for broadcasting the ramping SPS RF/5 for beam instrumentation

signals to be broadcast for the beam instrumentation of the two LHC rings, which will be run with slightly different radio frequencies during beam-steering operations. A fourth transmitter has been installed as a spare and a fifth

TTC transmitters

The RD12 TTC system operates at 1310 nm, at which wavelength there is less eye danger than at 850 nm and the chromatic dispersion of normal optical fibre is negligible. The transmitter primary PLL plus encoder jitter when transmitting PRBS data is about 10 ps rms. Using a TTCrx timing receiver ASIC, the timing reference can be recovered from the received encoded signal sequence with a jitter of less than 100 ps rms relative to the LHC clock input when transmitting PRBS data. In applications (such as the ALICE TOF system) requiring the distribution of

For the local distribution of the TTC signals at the experiments, compact and flexible 6U VME-size laser transmitters (TTCex and TTCtx) have been developed. These modules can be used separately or in combination to match the requirements of a wide range of TTC partition sizes. User notes for these modules are given in the RD12 working document "TTC Laser transmitter (TTCex, TTCtx, TTCmx) User Manual"

The TTCex encoder/transmitter module incorporates dual encoders driven by an internal VCXO/PLL with very low jitter and can deliver the optimum optical signal level (-19 dBm) through 1:32 tree couplers to 320 destinations. The TTCtx transmitter module

A 3U-high mini-version of the TTCtx (TTCmx) is also available for optional use in TTCmi crates, for TTC repeaters

A low-power VME-size LED transmitter module (TTCvx) is available which can deliver the same signal level to 4 destinations for system integration prototyping work. The TTCvx is described in the draft RD12 working document "TTCvx Technical Description and Users Manual"

TTCoc optical coupler

At the experiments, multimode passive optical tree couplers are used to fan out the signals from the laser transmitters to the large numbers of destinations in each trigger partition. Optical coupler components have small size, low mass and unlimited bandwidth. Suitable 1:16 and 1:32 TTC optical couplers (TTCoc) are available mounted in 1U 19" rack

transmitters are mounted in plug-in modules

Optical attenuators

In order to allow for the overall insertion loss (splitting loss + excess loss) of TTCoc optical tree couplers, the power level at each of the outputs of TTCex, TTCtx and TTCmx transmitter modules is about 100 times that required by a single receiver. If an output is connected directly to a single receiver for test purposes, a 20 dB optical attenuator should be inserted at the transmitter output to avoid overloading. Because of modal distribution factors, not all M. Joos

The optical attenuators employ a spring-loaded ferrule/receptacle. To mount the attenuator, first connect the optical fibre to it and then mate the attenuator with the transmitter module. Do not try to mate the attenuator with the

When measuring TTC system optical signal levels with a power meter be sure that the instrument calibration for 1310

TTC repeater

Active TTC repeaters are appropriate for a number of LHC machine applications in which the optical timing signals received from the PCR are rebroadcast to the beam instrumentation systems. The repeaters can be configured by the direct interconnection of a modular optoelectronic receiver with the required number of TTCmx laser transmitter modules. The modules can be housed in an inexpensive minicrate with 5v power only. The LHC machine will use 40

Laser safety

The 1310 nm optical signal broadcast from the PCR to the TTCmi at each experiment area is IEC 60825 Class 1 (intrinsically safe), even prior to the level-adjustment attenuator. The high power PCR transmitters themselves are in a controlled access area and before leaving this area their outputs are divided by 1:32 optical tree couplers having an

The TTCex, TTCtx and TTCmx laser transmitters for local TTC signal distribution at the experiments (and LED transmitters such as the TTCvx) are also Class 1. However, the direct individual outputs from the laser transmitters should not be merged into a fibre ribbon equipped with an array connector since this could create a single extended source of greater hazard level. (Multifibre cable or ribbon fibres can be used as long as they are terminated by a single fibre breakout). The modules have a manual disable switch, laser emission indicator, warning label and facilities for

On the other hand, for the distribution fibres to the final TTCrx destinations (i.e., the outputs from the TTCoc optical tree couplers) the hazard level would remain Class 1 even if they were merged in ribbon fibres terminated with MT-12

Notwithstanding this, it is strongly recommended never to view output optical connectors or fibre ends either with the

Encoding

For optical transmission over a single fibre the TTC signals are encoded by a 160.32 MBaud biphase mark encoder which time-division multiplexes 2 channels using a balanced DC-free code

framed and formatted broadcast and individually-addressed commands and data using forward error-correction for high

L1A latency

An indication of the latency of the TTC distribution system for broadcasting the level-1 trigger accept (L1A) can be obtained by summing the component delays as follows. Note that these are preliminary measurements made with

The delay from the L1A input socket of a TTCex laser encoder/transmitter module to the L1A output pin of the TTCrx timing receiver ASIC at a destination (when using the HFBR-2316T photodiode+preamp) is 68 ns plus the propagation delay of the external optical fibre network. The corresponding delay for a TTCtx transmitter driven via a 1 ns coax cable by the encoder output of a TTCex is 73 ns. For a TTCmx transmitter driven via a 1 ns coax cable by an encoder module in a TTCmi or minicrate the delay is 61 ns. The delay with the TRR-1B43 photodiode+preamp has not yet been measured and may be expected to be somewhat greater. The measurements were made with the DMILL

These are the delays with the TTCrx internal programmable deskews set to minimum. Note that to permit the full range of adjustment the fine and coarse deskews may initially be set to their mid values of 12.5 ns and 200 ns

The propagation delay of the optical fibre at 1310 nm is 4.9 ns per metre. Special direct fibre cable routes are foreseen between the TTC equipment in the underground service caverns and the detectors. Fibre delays within the transmitter modules are included in the above figures. The delay in the external TTCoc optical tree couplers is 5.7 ns (about 11 ns

When transmitter modules are daisy-chained to drive large partitions, note that the delay between the input and output sockets of a TTCtx is 2 ns and 0.5 ns coax cables are required to link TTCtx modules in adjacent slots. The delay

The internal delay added by routing the L1A signal through a TTCvi module (using the L1A IN 0 input) is 3 ns. A 1 ns coax cable is sufficient to interconnect a TTCex with a TTCvi up to 4 slots to the left or right of it in the same VME crate. The delay of the coax cable from the L1A output of the central trigger processor to the TTCvi input must be added, as well as that of the L1A fanout for the different trigger partitions if this is not integrated within the CTP

The delays of all components following the L1A output of the TTCrx must of course be added to the latency of the

TTCvi VME interface

The TTC transmitter encoders can be driven by a TTC-VMEbus interface module (TTCvi) which allows

TTCvi can be accessed by multiple VMEbus masters including interfaces to the detector control system or a local

The TTCvi is described in the RD12 working document "TTC-VMEbus Interface (TTCvi)" "Modules Development for the TTC System"

Following feedback from users a MkII version of the TTCvi has been developed which incorporates a number of

MkII version, which is almost fully software compatible with the first version, is now available from the Electronics

Optical fibre

The RD12 system uses singlemode fibre for the distribution of the machine timing signals from the PCR to the LHC experiment areas. These fibres are installed by the EL Group of ST Division. The approximate fibre lengths from the

The fibres have now been installed from the PCR to ATLAS, CMS and LHCb. The installation to ALICE should be completed in early 2003. At present these are normal singlemode fibres but the possibility of employing

The LHC timing generators will finally be located in a new Faraday cage at SR4, in the vicinity of the RF system of the machine. It is planned to use existing 9.5 km phase-stabilised optical fibres (left over from LEP) to transmit the

For reasons of economy the system uses multimode fibre for the local TTC distribution at the experiments, which will bandwidth 400 MHz.km at 1310 nm) is suitable for these installations and for safety reasons sheathing should be

connectors used for most installations are the industry-standard ST/PC type. These are the most popular and lowest

Ready-connectorised multimode optical patchcords for interconnecting the RD12 TTC distribution modules have been standardised in CERN stores in a range of overall lengths

At present CERN stores do not supply separate optical fibre, connectors or accessories like adaptors, couplings,

RD12 connector

Since conventional optical single-fibre connectors and optoelectronic receivers are relatively bulky, a subminiature optical fibre connector and active device mount have been developed for special applications which allow timing receivers to be much smaller than telecommunications components. This "RD12" connector, which is now produced industrially by Lemo SA, has very low mass and is made from radiation-hard materials so that it may be appropriate for use within particle detectors. A subminiature connector-connector coupling bush has also been developed and this is being offered as an alternative to fibre splicing

The RD12 connector has successfully undergone qualification tests specified by Boeing for airborne applications. The manufacturer

Optoelectronic receiver

Early systems used a photodiode+preamplifier (Agilent HFBR-2316T) which is housed in an ST-connectorised synthetic package containing an InGaAs photodiode and Si bipolar transimpedance amplifier with a typical bandwidth

The current baseline choice is the TrueLight TRR-1B43-000 photodiode+preamplifier, which is much less expensive. This device has a CMOS preamplifier with differential outputs and AGC, which greatly extends the dynamic range. Although the 1B43 is physically similar to the 2316, note that it is not pin-compatible (in particular, the power supply polarity is reversed). Small quantities of 1B43 components can be supplied to TTC developers for evaluation purposes by B.G. Taylor and a volume procurement is being organised by the Microelectronics Group (contact A. Marchioro

Modular optoelectronic receivers with ECL-compatible outputs, such as Tyco 269050-1 or Agilent HFBR-2119T, can be used for applications in which several TTCrx ASICs are driven on a short bus from each optoelectronic receiver. Alternatively the 1B43 can be used in conjunction with a fibre optic postamplifier such as the Philips/Signetics NE/SA5225D or TZA3034 data sheet

To optimise the jitter and dynamic range an appropriate attenuator/equaliser must be connected between the output of the different types of photodiode+preamplifier or modular optoelectronic receiver and the input of the TTCrx ASIC.

Tests have shown that the photodiodes generate SEU spurious signals when irradiated with neutrons or protons of energy higher than 20 MeV. A series of irradiation tests of the HFBR-2316T and TRR-1B43-000 have been carried out by M. Gastal and both devices have been found to meet the qualification requirements of the LHC experiments. Details are given in the draft paper "Radiation Qualification of Commercial off-the-shelf p-i-n Receivers for the TTC system", M. Gastal and P. Moreira, submitted to the 9th Workshop on Electronics for LHC Experiments, Amsterdam,

TTCrx receiver ASIC

A timing receiver ASIC (TTCrx) which delivers the TTC signals to front-end electronics controllers has been developed by the CERN Microelectronics Group signals, including synchronous commands and 12-bit bunch numbers and 24-bit event numbers matched with each

Descriptions of the TTCrx are given in the papers "Receiver ASIC for Timing, Trigger and Control Distribution in LHC Experiments", J. Christiansen, A. Marchioro, P. Moreira and A. Sancho, IEEE Trans. Nuclear Science, Vol. 43, June 1996, pp. 1773-1777 and "TTCrx, an ASIC for Timing, Trigger and Control Distribution in LHC Experiments", J. Christiansen, A. Marchioro and P. Moreira, presented at the Second Workshop on Electronics for LHC

Detailed technical specifications of the TTCrx are given in the periodically updated "TTCrx Reference Manual", J.

Initially a number of prototype TTCrx ASICs were fabricated through CMP and supplied to users in a 15x15mm 100 BGA package. The TTCrx design was then improved and migrated to DMILL radiation-hard technology. 44 working 100 BGA-packaged samples of the complete rad-hard TTCrx were received from the preliminary MPW run and initial total dose tests, neutron irradiation and an SEU test were carried out with good results. However, the tests showed that the photodiodes generate SEU spurious signals when irradiated with neutrons or protons of energy higher than 20 MeV. Details are given in the paper "Measurements of Radiation Effects on the Timing, Trigger and Control Receiver (TTCrx) ASIC", T. Toifl, P.Moreira and A. Marchioro, presented at the Sixth Workshop on Electronics for LHC

In the DMILL version of the TTCrx ASIC the JTAG controller is supplemented by an I2C bus

is no longer required for this final version, which also supports more user-defined broadcast codes and has lower trigger latency. A list of the changes which have been implemented in the DMILL TTCrx is given in "TTCrx Modifications"

A first engineering run (8 wafers, 2880 chips) of the TTCrx was launched at the end of June 2000. The run included both the existing version of the chip (Version 3.1) and also a slightly modified design (Version 3.2) which is more resistant to photodiode SEU. The chips were delivered in February 2001 and were packaged in a new fine pitch (1mm) 13x13mm 144 fpBGA package. The yield was about 75%. Preliminary irradiation tests indicate that the new Version 3.2 is a factor of 750 less sensitive to photodiode SEU than Version 3.1. A second engineering run of 10

The total requirement for TTCrx ASICs is estimated to be about 22,000 and a production run of 58 wafers was launched in November 2002. The chips have now been received and a first evaluation indicates that the yield is better

QPLL auxiliary

For some applications, such as clocking high-speed serializers, the jitter of the raw 40.079 MHz clock output of the TTCrx is too high. An auxiliary VCXO/PLL ASIC is now being developed by the Microelectronics Group for use as an optional auxiliary jitter filter. The QPLL will provide 3 LVDS clock outputs in 2 frequency multiplication modes

An MPW submission of the QPLL chip was made in September 2002 and 186 chips have now been received at CERN. The QPLL has been tested and found to be functional, with an output clock jitter of 16 ps rms when driven by a TTCrx. A preliminary data sheet, a preliminary QPLL User Manual and an information website are available. Groups requiring QPLL chips for prototype development should contact P. Moreira

TTCrm mezzanine

Initially the Microelectronics Group developed a small mezzanine evaluation board which supported the 100 BGA

A revised TTC receiver mezzanine (TTCrm) has been designed for the 144 fpBGA ASICs. It is pin-compatible with earlier versions but the photodiode+preamp has been physically relocated. The schematic diagram of the board provides an implementation example and this mezzanine board is available from the Electronics Pool. The present

TTCrq mezzanine

A new version of the TTCrm mezzanine board (TTCrq) has been designed by the Microelectronics Group which incorporates a QPLL and its associated components. The TTCrq has the 1B43 photodiode+preamp, relocated to the connector side of the pc board to be mounted in a single-width VMEbus module. The TTCrx is mounted on the external side of the board for

As far as possible the new TTCrq is backward-compatible with the TTCrm. The pinout of the existing J1 and J2 connectors remains unchanged and the additional signals are provided on a new J3 connector at the rear of the card. A Preliminary description

UMD mezzanine

For applications in which several TTCrx will be housed in the same VME crate, the University of Maryland has developed a TTCrx mezzanine board equipped with PMC connectors. These mezzanine boards, which will be used in the CMS HCAL readout, can be connected on a short differential LVPECL bus driven by a common optoelectronic receiver. Details are available from Tullio Grassi

TTCbi BST receivers

A TTC beam instrumentation receiver module (TTCbi) was developed by J.-J. Savioz for the reception of the beam-synchronous timing (BST) signals which will be broadcast by the RD12 transmitters in the PCR. The first TTCbi was a 16/32-bit PMC module with 128 MByte/s block transfer capability which can be used for the reception of the bunch and orbit clocks and BST messages by the beam instrumentation around the LHC ring and in the transfer tunnels. Three prototype TTCbi modules were tested in the SPS in 2002 and a preliminary TTCbi Engineering Specifications

A Mk II version including enhanced programmable trigger facilities is now being developed in VMEbus format. The new module, called BOBR (Beam Observation system BST Receiver), will be a dual one which can receive the separate BST signals for LHC rings 1 and 2. Draft BOBR Engineering Specifications

By means of a TTCbi or BOBR module the experiment DAQ and control systems can also receive useful messages about machine events, such as start ramp or dump, and information about the status of the LHC (operating mode,

TTCvr VME receiver

A general-purpose TTCrx VMEmodule was developed as part of the CMS RDPM programme. The module supports a TTCrm mezzanine board and includes an A24/D32 VMEbus interface, buffers and front panel connectors. The functionality is provided by a Xilinx XC4006E which is user-programmable in situ. This module is a convenient

7 boards have been built and used as TTC emulators in a full event builder chain with switch and farm units. A User Manual

TTCpr PMC receiver

A general-purpose TTC PMC receiver (TTCpr) module has been developed as a PCI Mezzanine Card (PMC) for the ATLAS tile calorimeter DAQ by J. Dawson and the card can be made available to other groups. The functionality of the module is provided by a user-programmable Altera 10K30A which is connected to the TTCrx, an AMCC 5933

A is available. Software to interact with the module has been written by J. Schlereth. A Mk II version

TTCsr simple receiver

An earlier TTC simple receiver (TTCsr) board was developed by CERN EP/HC Group TTCsr provides some of

TTCsr Specifications and TTCsr Documentation

TIM A TTC interface module (TIM) has been developed for the ATLAS SCT by University College London. This 9U VME slave module uses a TTCrx to receive the TTC signals and transmits the required subset to all the RODs in the crate in which it resides. The TIM also generates the SCT busy signal for return to the CTP and has stand-alone

The module is described in "Timing, Trigger and Control Interface Module for ATLAS SCT Read Out Electronics", J. Butterworth, D. Hayes, J. Lane and M. Postranecky, presented at the Fifth Workshop on Electronics for LHC

Synchronisation While the gaps in the LHC bunch structure reduce the machine filling factor by about 20%, they will prove useful for

A review of synchronization issues is given in "Timing and Synchronization in the LHC Experiments", J. Varela,

The strategy for setting up the timing of the ATLAS experiment is described in Chapter 19 of the Level-1 Trigger

Synchronisation circuits which have been developed for the CMS calorimeter trigger are described in the paper "Trigger Synchronisation Circuits in CMS", J. Varela et al, presented at the Third Workshop on Electronics for LHC

CMS trigger rate control is reviewed in "Trigger Throttling System for CMS DAQ", A. Racz, presented at the Sixth

Error correction and recovery The TTC system employs Hamming checkbits which allow the automatic forward error correction by the TTCrx

Owing to the large number of channels and the inaccessibility of the front-end electronics for repair, a number of TTC DAQ Note 45 by N. Ellis discusses ideas for error detection and recovery

TTC at Level 2/3 In addition to the primary application of broadcasting signals to the front-end electronics controllers, the use of the

The broadcasting of event flow control information from the event manager to the readout DPMs at CMS The broadcasting of Level 2 requests and results to the ROBs in the Level 2 trigger demonstrator programme

TTC Workshops

A one-day TTC Workshop was held at CERN on 30 October 1996 to review the TTC requirements of the LHC

Record have been sent to all registered attendees and may be requested by e-mail

A second one-day TTC Workshop was held at CERN on 29 June 2001. Copies of the transparencies presented by the

Structured test beam

A TTCmi was provided at each of the LHC-structured test beam facilities which were operated successfully in the West and North areas in May 2000 and Oct/Nov 2001. During the second run a TTCmi was provided in the GIF area

During these tests the precise bunch frequency was 40.0788 MHz and SPS rephasing was implemented before each slow extraction of the structured test beam, just as it will be when the machine is used as an LHC injector. The SPS orbit signal was also provided for gating purposes. The orbit signal frequency changes by about 29 Hz during the SPS magnet ramp

X5 beam monitor team (M. Bozzo, A. Giassi, L. Latronico and A. Morelli) observed a bunch length of 2.3 ns, close to the expected length of 2.5 ns. Further details of their measurements were given in the presentation "A beam monitoring system for the CMS Tracker 25 ns test beam" by L. Latronico. There was no run in 2002 but some tests

trains of 48 bunches at 25 ns spacing, repeated every orbit over a slow extraction interval which could be varied from 0.5 to 2.6 sec. The spill length was typically 2.2 sec and the SPS cycle length 16.8 sec. For this run, additional TTCmi

An additional SPS run with LHC-structured beams will take place in September 2003. The provisional schedule is that set-up for the run will start on Wednesday September 17 in parallel with the PS MD. The run should start at 08:00h on Thursday September 18 and continue until 08:00h on Sunday September 21. Depending on the 25 ns set-up progress

A request for an additional LHC-structured beam run in May 2004 is currently being discussed. For reasons of

Documents

The ATLAS Technical Proposal (sec. 5.3.4) and Level-1 Trigger TDR The CMS Technical Proposal The LHCb Technical Proposal

The ALICE Technical Proposal

A recent review of the system is given in the LECC 2002 paper "Timing Distribution at the LHC"

A short overview was given in the paper "TTC Distribution for LHC Detectors", IEEE Trans. Nuclear Science, Vol.

Later developments were reviewed in the 1999 Status Report on the RD-12 Project, CERN/LHCC 2000-002, 3

Earlier work is described in the 1998 Status Report on the RD-12 Project

More detailed background information was given in the 1997 Status Report on the RD-12 Project, CERN/LHCC

The TTCmi machine interface for the system is described in the RD12 working document "TTC machine interface (TTCmi) User Manual" User notes for the VME-size TTCex and TTCtx laser transmitter modules are given in the RD12 working document TTC Laser transmitter (TTCex, TTCtx, TTCmx) User Manual The TTCvi VMEbus interface module is described in the RD12 working document "TTC-VMEbus Interface (TTCvi)". An earlier version (Rev 1.5) of this document is still available here The TTCvx VME-sized LED transmitter module for developers is described in the draft RD12 working document "TTCvx Technical Description and Users Manual" A short overview of the TTCvi and TTCvx modules is given in the LEB 1999 paper "Modules Development for the TTC System" Irradiation test results for the photodiode+preamp components are given in the draft LECC 2003 paper "Radiation Qualification of Commercial off-the-shelf p-i-n Receivers for the TTC system" Technical specifications of the TTCrx timing receiver ASIC are given in the "TTCrx Reference Manual" A list of the changes which have been implemented in the latest fabrication of the TTCrx is given in "TTCrx Modifications" TTCrx irradiation test results are given in the LEB 2000 paper "Measurements of Radiation Effects on the Timing, Trigger and Control Receiver (TTCrx) ASIC" A review of synchronization issues is given in the LEB 2000 paper "Timing and Synchronization in the LHC Experiments" CMS trigger rate control is reviewed in the LEB 2000 paper "Trigger Throttling System for CMS DAQ" Trigger-DAQ Steering Group Requirement Document (Version 2.0) and the system is intended to meet the requirements specified in the ATLAS ROB User Requirements Document The ATLAS-SCT TTC interface module is described in the LEB99 paper "Timing, Trigger and Control Interface Module for ATLAS SCT Read Out Electronics" The timing resolution required for the ATLAS MDT system is discussed in ATLAS Muon Note 111 The TTC needs of CMS are summarised in a Table. Updates should be sent to A. Racz The timing distribution and clock management of FERMI via the service ASIC is discussed in FERMI Note 21 Special requirements apply to the TTC system for the ALICE TOF detector

TTC mailing list A mailing list has been set up for TTC news and information-sharing among developers and users at CERN and collaborating institutes only

To join or leave the mailing list send an e-mail here with either subscribe lhc-exp-ttc or unsubscribe lhc-exp-ttc in

Shortcuts to related topics:

ALICE ATLAS Trigger/DAQ CMS LHCb LHC

LCC SLTC SL/BI Technical Board LEADE Working Group Optoelectronics News

Support

The RD12 TTC system will be used by all four LHC experiments and the beam instrumentation of the LHC machine and transfer lines. To ensure that maintenance is available for the lifetime of the LHC, central support will be provided by the On-line Systems section of EP/ESS

here.

Maintenance

This section is under construction. It will eventually contain maintenance information for the TTC system

A portable optical power meter is useful for diagnosing problems in TTC distribution systems. The HP 8140A instruments used by RD12 are no longer manufactured but M. Joos of EP/ESS Group reports satisfactory results with the Acterna model OLP-5. Before making a measurement with a power meter, remember to select 1310 nm on the

Experience suggests that the frequency of TTC system problems due to electronic component failure will in practice be negligible compared with simple problems caused by optical connector contamination. These can easily be avoided by the systematic use of impregnated lens tissue to wipe the ferrule tips every time optical connectors are mated. Such lens tissue has proven more effective than other techniques such as compressed air, alcohol swabs, proprietary sprays, etc. After cleaning connectors, inspection with an inexpensive 100x pocket fibrescope (such as Panasonic FF-394 or

If this advice is not followed and contamination is spread by indiscriminately swapping modules or fibres, all the affected optical connectors should be cleaned including those inside the modules themselves. Due to the use of pigtailed components with front panel interconnector bushings in laser transmitters and optical tree couplers this is

TTC machine interface (TTCmi) User Manual TTC-VMEbus interface (TTCvi) Manual TTC Laser transmitter (TTCex, TTCtx, TTCmx) User Manual Timing receiver ASIC (TTCrx) Reference Manual

TTCex module test procedure TTCex components list TTCex additional mechanical parts TTCex schematic diagrams: Sheet 1/3 Sheet 2/3 Sheet 3/3

TTCtx module test procedure TTCtx components list TTCtx additional mechanical parts TTCtx schematic diagram

TTCmx module test procedure TTCmx components list TTCmx additional mechanical parts TTCmx schematic diagram

TTCoc components list PCR transmitter crate components list TTCmi crate components list Power filter module components list Clock generator components list

-2v regulator components list

VCXO-PLL components list

BM encoder components list

PCR laser Tx components list

PT5343 data sheet TRR-1B43-000 data sheet TZA3034 data sheet TTCrm schematic diagram

Acknowledgment RD12 would like to acknowledge the excellent cooperation and support received from members of CERN SL and ST Divisions. In particular the contributions of R. Jones and J.-J. Savioz of SL/BI Group, G. Beetham of SL/CO Group, Ph. Baudrenghien and D. Stellfeld of SL/HRF Group and L.K. de Jonge and O. Olsen of ST/EL Group have been

Appendix: reader for .pdf files

Acrobat Reader software for viewing and printing the TTC document files in .pdf format is available here for

M. Joos