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Abstract

The ATLAS Semiconductor Tracker (SCT) utilises 4088 silicon modules with binary readout mounted on carbon fibre composite structures arranged in the forms of barrels in the central region and discs in the forward region. The design of the ATLAS Semiconductor Tracker (SCT) will be briefly outlined and a description of the various stages in the construction process will be presented. The experiences gained in the construction phase will be reviewed. Finally the macro assembly of the central and forward regions of the SCT detector will be described and the current status of the project will be presented.
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1. INTRODUCTION

The ATLAS detector [1] is designed to study a wide range of physics at the CERN Large Hadron Collider (LHC) at luminosities up to 1034 cm-2 s-1 with a bunch crossing rate of 40 MHz .The Semiconductor Tracker (SCT) forms a key component of the Inner Detector [2] which is situated inside a 2T solenoid field. The detectors are required to survive an integrated radiation flux of  2 1014 neq cm-2 over 10 years

The construction of the SCT is now well advanced. An overview of the construction phase is presented below with examples of the performance achieved and the main difficulties encountered. Finally the current status of the construction is reviewed.

2. OVERVIEW OF THE SEMICONDUCTOR TRACKER (SCT)
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The SCT is designed to measure 4 precision space points on the track of a charged particle over a range in pseudo rapidity (((< 2.5. Individual silicon modules are constructed to provide space point resolutions of  R = 16 m and Z (R ) = 580 m. The geometry of the tracker is shown in figure 1.



            Figure 1: Layout of the Inner Detector

The modules are constructed by gluing two silicon sensors onto one side of a baseboard or spine with two additional sensors attached to the other side and aligned at a small stereo angle ( ( 20 mrad). (The inner modules in the forward region consist of just two sensors). The module is completed by the addition of a hybrid carrying the front end ASICs (ABCD3TA) to provide a binary readout of the module [3]. The module has 1526 readout channels and the sensor strips have a pitch of 80 m. Figure 2(a) shows a ‘centre tap’ module as used on the barrels while figure 2(b) shows a ‘end tap’ module with wedge shaped detectors as used on the forward discs. The ‘centre tap’ modules [4] utilise a baseboard of Thermal Pyrolytic Graphite (TPG) and are mounted from one side where a cooling connection is provided onto a cooling pipe via a BeO facing on the TPG baseboard. The ‘end tap’ modules [5] are mounted on cooling blocks that connect directly to the hybrids and the TPG spine via AlN facings. The purpose of the TPG is to ensure good thermal performance following radiation damage. In both cases the hybrids are based on kapton technology laminated to a carbon-carbon substrate. The forward hybrid has a 6 layer construction and the ASICs for the optical readout are mounted on the hybrid. For barrel hybrids a 4 layer construction is used but the ASICs for optical readout are mounted on separate low mass tape connectors called ‘dog-legs’ which form the connection from the hybrids to the low mass tapes.
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Figure 
2 (a)




Figure 
2 (b)

A ‘centre tap’ barrel module 
 

 An ‘end tap’ forward module

          The module support structures are in the forms of cylinders and annular discs constructed from carbon fibre skins with a Korex core Mounting blocks, brackets and clips in preparation for the mounting of services are added. The services, including Cu/Ni cooling pipes, low mass tapes, optical fibre harnesses, alignment components and DCS Detector Control System) components, are then attached to the structures. The barrel design requires the modules to be mounted from one side at a tilt angle of 10o to allow the overlap of two adjacent rows. For the end-caps precision mounting blocks made from carbon-carbon are soldered onto the cooling pipes. The assembly of modules onto all four barrels will be undertaken in Oxford. End-cap C will be assembled in Liverpool and end-cap A will be assembled in NIKHEF.   

3. MODULE PRODUCTION

The production of the 2112 barrel modules is organised in clusters of institutes based in Japan, Scandinavia, UK and the USA. In a similar manner the 1976 forward modules are produced in Australia, Germany, Netherlands, Spain, Switzerland and the UK. In all cases the assembly process has required the development of special tooling, involving precision jigs, translation and rotation stages and microscopes, to achieve the necessary precision. 

Several mechanical specifications need to be satisfied before a module is accepted. The modules are thermally cycled before the metrology measurements of the alignment of the four sensors and the overall flatness and envelope of the module. A particularly difficult parameter to achieve is labelled MIDYF (referring to the alignment of the sensors on opposite sides of the module) for which the specification is 5m. Figure 3 shows an example of the results obtained where the deviations of various parameters have been scaled by their tolerances so that all points should lie within (1.  
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The I/V characteristics of the module are measured at various stages of assembly and the leakage currents are compared to those expected from the individual sensor characteristics. The characteristics are measured up to 500V bias and one specification is that the leakage current should be < 80 A at a bias voltage of 350 V. The electronic characterisation of the module measures the uniformity of the thresholds, the gains, the time walk, the noise levels and noise occupancies per channel. Examples of the requirements are: noise per channel < 1500 ENC, average noise occupancy < 5 10-4, and the number of dysfunctional channels < 1%. Typical plots of the uniformity in the response per channel for threshold, gain, offset and noise are shown in figure 4. 
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Figure 3: Deviations of the metrology
     Figure 4: Uniformity of threshold,


    parameters in units of tolerance

         gain, offset and noise

Barrel modules that pass all the specifications are defined as ‘Good’. In addition a small % of barrel modules that just fail a metrology specification are classified as ‘Pass’. An example of a module in this class would have the MIDYF parameter greater than 5 m but less than 8 m. The current yield of ‘Good’ + ‘Pass’ modules is 87% of which the ‘pass’ modules represent 7.5%. The main failure categories are abnormal leakage currents (54%), damaged sensors (16%) and gross mechanical errors (14%) where the metrology is far out of specification. 

The end-cap production is just ramping up and at present there is no definition of a ‘Pass’ classification. The yield of ‘Good’ modules is currently 84.3%. The main failure categories are in failing the metrology specifications by ~ 1-2 m (50%) and dysfunctional channels (15%). The definition of a suitable ‘Pass’ category as for the barrel would increase the yield > 90%.

Several problems have been solved in the transition from the prototyping stage into a steady production mode. The optimisation of an industrial process can frequently involve some changes in procedure. A delay in the production of the forward hybrids was caused by de-lamination resulting from modifications in the production process. The time taken to optimise techniques and to commission equipment should not be underestimated. The development of the module assembly tooling and procedure is one example. Care should be taken when defining specifications. Achieving the same quality of production across multiple assembly sites is not straight forward. Unexpected problems can arise during production that can cause delays. Ideally the production of components should lead the module production with a sufficient contingency margin to absorb unexpected delays in the production rate. The adoption of rigorous prototyping procedures and QA will minimise the occurrence of unexpected problems.

4. ENGINEERING ASSEMBLY AND SERVICES

The cylinders and discs are produced in industry. The barrels are prepared by the addition of mounting pads and brackets for mounting services and modules. In a similar way the discs are prepared by the addition of mounting pads, clips and close outs etc The pads on the disc are then machined plane as they form the base for the precision mounting blocks.

The addition of services for both barrels and discs is performed at RAL. For the barrels grounding foils, cooling pipes, optical fibre harnesses, low mass tapes and ‘dog-legs’, connections and sensors for the Detector Control system (DCS) and alignment components are added. Similar components are added onto the discs but here the cooling pipes are soldered onto the precision mounting blocks that are accurately fixed into position The discs are also equipped with patch panels for the tapes, fibres and cooling pipes. A close-up of disc 9 equipped with services is shown in figure 5(a) and a close-up of barrel 3 similarly equipped is shown in figure 5 (b). 
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         Figure 5(a): Disc 9



  Figure 5(b): Barrel 3
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The measured positions of the precision mounting pins on disc 9 as compared to nominal are all within the build tolerance of 100 m and are shown in figure 6.




             Figure 6: Deviation in position of mounting pins in m

Delays in the programme were encountered for a variety of reasons. The development of new techniques such as bending Cu/Ni pipes with a wall thickness of 70 m and soldering carbon-carbon blocks to the pipes required significantly more time than was expected. It is also clear that great care must be taken in the detailed design of the tracks and the addition of stiffening near to connectors to avoid problems with yield or later handling problems when using kapton technology  . 

5. MACRO-ASSEMBLY

The assembly of all 4 barrels will be performed in Oxford. End-cap A will be assembled in NIKHEF and end-cap C in Liverpool. Clean rooms are available at each centre together with climate chambers to allow the testing at the ATLAS operating temperature of –7C. Testing large numbers of modules requires evaporative cooling plants based on C3F8 or C4F10 , and sufficient final power supplies, DAQ readout and DCS. Special tooling has been developed to perform the mounting of modules.

[image: image9.jpg]’

il

.

s MO





The barrel modules are mounted with tilt angles of 10o. Thermal grease is applied to the mounting surface. The clearance between modules in adjacent rows is 1mm and the modules need to be mounted using a sliding motion to bring the module into position on its support. This is a very delicate operation that is achieved with the use of a robot as shown in figure 7. Finally the electrical and optical connections are made to the module and ‘dog-leg’. The initial testing will occur when up to 96 modules have been mounted.

Figure 7: Robot to mount        

                modules onto a barrel

Forward modules are mounted onto discs using specially designed tooling. The disc is held in a vertical frame that rotates to indexed positions and thermal grease is applied to the mounting blocks. The handling tooling enables the module to be removed from its frame, aligned with respect to the mounting position using x/y/ stages and two cameras, and finally fixed in position as shown in figure 8. The electrical and optical connections are then made. When all the lower modules have been mounted on the disc they will be evaluated at operating temperature. The procedure will then be repeated for the upper modules.                   
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Figure 8: Mounting a module on a disc       Figure 9: Tooling to mount discs 

When a disc is completed it will be transferred to the tooling designed to mount the disc in the support cylinder as shown in figure 9. A moveable platform holds the disc and x/y/ stages allow the accurate positioning of the disc. Services are then added to the cylinder making contact with the disc. The modules on the disc are then re-evaluated. There is sufficient infrastructure at Liverpool to allow two complete discs to be tested simultaneously to check for cross talk.

6. CURRENT STATUS

Module production is underway and the overall yield is quite acceptable. The production of barrel modules has now reached 75% of the target number. For the end-cap modules the corresponding figure is 13% due to a delay in the start of production.

Four barrel cylinders have been delivered and two of them are currently having all the services attached. For the end-caps 18 (+2 spare) discs have been delivered and the initial preparatory work is 59% complete. Disc 9C is ready for module mounting, 3 discs (8C, 7C and 9A) are having services added and three more (6C, 5C and 4C)  are ready for services. The support cylinders and support ‘wings’ have been delivered but some re-work has been necessary. The first cylinder was delivered at Liverpool in mid June. 

The cold room and clean room in Oxford are prepared with all the necessary cabling installed. The tooling and robot for the assembly of the barrels, the systems for making confirmation tests on modules before mounting and the evaporative cooling plants have been commissioned. Work is ongoing in developing the DAQ and DCS systems but module mounting will begin when barrel 3 arrives from RAL. The schedule calls for the assembly of the last barrel to be completed by Spring 2005.

The necessary infrastructure and tooling are in place in both Liverpool and NIKHEF for the assembly of the end-caps and work continues on developing the DAQ and DCS. Disc 9C has been received at Liverpool where it has been thermally cycled, measured on a CMM and the services have been tested. The next stage is to mount modules onto the disc. The support cylinder for end-cap C is ready and the tooling for mounting discs is being assembled. The schedule calls for the shipping of end-cap C to CERN in Summer 2005 to be followed by the shipping of end-cap A at the end of the year.

7. SUMMARY

The ATLAS SCT is one of the major detector components in ATLAS forming a crucial part of the tracking system. The production phase is now well advanced following several years developing the necessary state of the art technologies by the 39 institutes involved. Inevitably the project has encountered several problems during the prototyping phase and the change to the production phase that have been solved successfully at the cost of some delay and additional expense in both funding and effort. It is hoped that the experiences recounted here will be of assistance when future large projects are being planned.  
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