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Prototyping
— The Quality Plan put in place in order to ensure the required quality
during mass production of optical link components led to the
Pre-production flow of actions shown in the diagram to the left. The project

CMS Optical Links

The CMS Tracker, located at the very centre of the CMS detector at the LHC, will install was divided into four distinct phases, starting with

over 40000 optical links in its data readout and control system, representing an — b;"'ge&ns' ‘ Prototyping and ending with the Assembly of the
unprecedented deployment of this technology in a Particle Physics Experiment. These [Eemaevaiceier i components into the structures of the CMS

data links connect the silicon detectors inside the tracker with the data acquisition system Qualfcaton | |RacHarcess Production Tracker. Industrial partners were vital to
situated in the adjacent underground cavern, as distance of approximately 65m. The 1997-2002 Malaion provide the production capacity needed for
installed system has an expected lifetime of 10 years, with a limited possibility for 200222005 the large number of components in the

maintenance due to the location of the front-end components throughout the complex
structure at the heart of CMS. Large numbers of high quality components have thus been
produced to meet the requirements.

system. For this reason all components

Assembly ;.. COTS or COTS-based with minimal
2002-2006 modifications.

2005-2007
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L . . 6000 LSS B L L U B B B B L B L 700 5 3
distributed transmitters and receivers of both the control and readout systems | ] multi-ribbon cables =
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Simulating the System Performance Spread Lessons Learned
In the analogue readout system of the CMS Tracker the gain is a critical Having access to the detailed performance Using the production measurements of digital link For a large scale production such as this it is imperative to have detailed specifications, derived from
parameter. The overall gain is the product of the gains of all of the components measurements has been invaluable to implementing a components it is also possible to predict the margin user requirements, in order to have fruitful discussions with manufacturers at a sufficiently detailed
in the chain, as represented schematically below: fully functional analogue readout system. The high of operation of the installed system. This is shown level to overcome the inevitable problems related to the ramp-up of production.
. y o delivered performance of all components, especially in the graph below, which compared the signal The procedures used to qualify and accept production components must be in place before
Laser —> Laser —» Single-fibre Multi-fibre Analogue Load R N i L . . . . . .
Driver Connector Connector Receiver Resistor the optical connectors, would have caused the final output of the DTRx module with the minimum production starts for discussion with the manufacturer. Failure to do this leads to delays as
Tunable Tunable installed links to have too high a gain and thus a allowed signal size (sensitivity) of the front-end discussion on how to do testing is re-opened when a component fails a test.
. . . X reduced dynamic range had it not been for the fact receiver with which it must operate. The system Ramping up of production took longer than predicted in all cases. This was due to a number of
Since we have access to the production data (that includes the gain of each ) . . . . . . . . n
that it could be detected early enough to act. By thus has a comfortable margin of operation. things, including optimism about the complexity of producing custom parts and poor quality of

component) we can simulate®the statistical gain distribution of all links that will

reducing the size of the load resistor at the end of the initially delivered components. The timescales on which problems were solved was measured in

be installed. This work can be summarised by the gain distributions shown . ) DAL R A R L .
chain it has been possible to produce a system that 1000 [~ ! ' months, due to the complexity of the processes & components and the need to understand the
Belrz T will meet the overall dynamic range requirement. i : Margin = 7.7dB : root causes of problems.
3 Gan0 ) B This would not have been possible without the 800 __ 1 1 | The funding profiles available to large particle physics experiments appear to leave large gaps in
3 . § detailed production measurements carried out by all £ 600 - 3 3 - procurements as decisions are taken to fund additional parts and/or spares. Where the
3 the manufacturers. System testing using samples from $ F i i 1 manufacturer is dealing with a relatively standard product, such as connectors, this only poses a
§ 3 production also allowed the scaling of gains measured 400 [~ 3 3 1 problem of fitting the new requirements into their production plan. However, where the
3 0s 06 O'L,.:’fw?? 0 L during production at room temperature to the low (- 200 '_ 3 3 _. components are customized the knowledge of how to produce them may go stale, leading to
3 10C) operating temperature of the final installed L : : | poorer performance of components produced later.
3 \ system. ok (NETERTI FETRERTL STREERY Fih. FEETE FERTRET Overall, production of components took over three years to complete and, barring problems in
00 * 05 o s — zfo . ) 20 -16 Pow-elrz(dBm) s -4 0 start-up and re-starting, went very smoothly thanks to good preparation.
Gain (V) Ref: S.Dris et al, LECC 2004
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