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Abstract

The Front-End Driver (FED) is a 9U 400mm VME64x card designed for reading out the CMS silicon tracker. The FED was designed to maximise the number of channels that could be processed on a single 9U board and has a mixture of optical, analogue (96 ADC channels) and digital (large FPGA) components. Nevertheless, a total of 440 FED boards are required to readout the entire tracker. Nearly 20 full-scale prototype 9U FED boards have been produced to date. This paper concentrates on the issues of the large-scale manufacture and assembly of PCBs. It also discusses the issues of production testing of such large and complex electronic cards.

Summary
The off-detector readout system for the CMS silicon micro-strip tracker comprises of 440 9U VME64x Front-End Driver (FED) boards. Each FED receives heavily multiplexed data over 96 analogue optical fibres from 25,000 silicon strips at a trigger rate of 100kHz. This corresponds to an input data rate of over 3 Gbytes/sec per FED.

The FED was designed to maximise the number of channels that could be processed on a single 9U board. It digitises the converted optical data in 96 independent ADC channels. The digitised data is then processed in over 30 FPGAs (Xilinx Virtex II), which extract clusters of hits and thus substantially reduce the volume of data passed to the central DAQ.

The FED is double-sided to accommodate the high density of components in the analogue section. The total number of components is approximately 6,000 connected by almost 25,000 tracks. The signal interconnection scheme has been kept as simple as possible, with point to point links, to ease layout and routing. A large fraction of the passives have 0402 footprints. There are nearly 40 BGAs per board with the larger FPGA devices having 676 pins on a 1mm pitch. The boards have 14 layers, including 6 for power and ground.

The card has been designed with the needs of testing in mind. The interconnections between all the digital devices can be verified with JTAG Boundary Scan. This is complemented by on board DACs, which permit on board testing of the analogue channel components without the need of optical input data.

Approximately 20 FEDs have been manufactured to date. The first boards were assembled successfully by a company specialising in small quantity prototype cards. However, a subsequent manufacturing batch failed with poor BGA assembly. The original cause is believed to be due to chemical contamination of the bare PCBs, which had been provided by another firm. However the quality controls in the manufacturing process were not adequate to prevent a number of faulty boards being manufactured before the faults were detected.

A further production was carried out successfully using one of the candidate companies for the large-scale manufacture, which took responsibility for both PCB manufacture and board assembly. Extensive quality controls were employed during this production run including Automated Optical Inspection, Ersascope® and X-Ray inspection of BGAs and post assembly Flying Probe board tests. Boundary Scan and custom VME crate tests were subsequently carried out at RAL.

The production manufacture of 500 boards is foreseen to take place over a 10 month period beginning in the autumn of 2005. A test plan for large-scale manufacture is now being drawn up. An important objective is to identify and fix as large a fraction of the manufacturing faults as possible during assembly. In order to achieve this, the Boundary Scan and VME single board tests are being adapted, so that they can be performed at the assembly plant by the companies’ test operators. Engineers at RAL will carry out the final commissioning tests with fully populated crates and optical inputs.

