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Tracker StripFED and PixelFED
Overview

StripFEDs

96 Fibre/ADC channels. Channel count limited by component density on board.

Inputs on all fibres are Synchronous, Raw data. 

PixelFEDs

36 Fibre/ADC channels. Channel count limited by SLINK data output rate.

Inputs on fibres are Asynchronous, Zero-Suppressed data. 

Similarities.

Both readout systems have a single board design for all detector module types.
Both boards are 9U VME 64x standard.

Both boards use the same Analogue ORx Modules and ADCs.
Both have similar Transition boards to carry SLINK and FMM interfaces.

Both boards have individual TTCrx interface.

Both require individual 1 nsec timing adjustments on ADC sampling.

Neither boards implement trigger function logics.

Major Differences.

PixelFEDs have separate Mezzanine cards to carry Analogue and FPGA components.

StripFEDs assembled all components to motherboard. This is necessary to achieve component density.

Boards use different flavour of FPGAs (StripFED Xilinx, PixelFED Altera).

In principle technically it may have been possible to have had one board design. But for practical reasons, in particular the different time scales and support for Strip and Pixel communities, having separate designs was the correct choice.

However, a common SLINK Transition card would have been realistic.
Lessons Learnt
Following are not necessarily in order of importance. 

Complex systems need complex test equipment.

The complexity of the custom test equipment was underestimated. Custom Optical Test Boards had to be designed to simulate data from large numbers of channels of APV in order to verify the correct operation of the StripFED boards.

Detector prototyping needs DAQ before the final DAQ is ready.

The level of data acquisition support for the large and diverse community prototyping strip tracker detector modules was grossly underestimated. The responsibility for this support was taken for granted. The number of FED Mezzanine cards required increased from ~ 30 to over 100.  The software platforms also changed. This diverted effort from developing the final FED board.
In addition almost 50 (prototype and pre-production 9U FEDs) were made for larger scale tracker detector tests.
Following the Rules.

The EU tender process for large quantity of StripFEDs took a long time (12 months).

Know your Manufacturer.

Both StripFED and PixelFED projects used local manufacturers (even though StripFED had to tender). A close working relationship was important for both projects. For the StripFEDs the manufacturer was able to provide useful feedback to the board design to enhance the quality for large scale manufacture.

Who is Responsible?
Divided responsibility for PCB boards and assembly caused problems during prototyping. A batch of 6 StripFED prototype boards were unusable, but it was not possible to prove whether poor PCB finish or the assembly was the cause. One stop shop approach was taken for production and this worked well.

Quality Control.

Due to large quantities and to minimise risk the StripFED project installed their custom test equipment at the assembly plant to ensure a high quality board yield during large scale manufacture. With smaller quantities all the PixelFED board testing was carried out in the lab. Both projects achieved good board yields.
Technology is moving on.

Key design changes occurred after the Tracker TDR due to technology developments StripFED ASIC processing migrated to FPGAs.

StripFED prototypes started with cutting edge FPGA technology (VirtexII FPGAs only available as engineering samples) but by time of production these were already over 3 FPGA generations old.

Conservative approach upsides.

Because of the large number of boards required a conservative approach was taken with the StripFED to get the design right with as few iterations as possible. Once prototype functionality was proven only essential changes were permitted. On plus side StripFED eventually only had 1 board iteration from prototype to production. PixelFED could afford more iterations.
Conservative approach downsides.

Some design improvements were refused. StripFED monitoring via VME bus is barely adequate. With hindsight it would have been better to have added an Ethernet interface.

Use Standards.

Industrial VME for mechanics and power has proved an excellent choice.

Keep things simple.

Not all features are really needed. PixelFED attempted to implement Plug and Play features of VME64x (encouraged by DAQ group) but this caused problems and resulted in one extra and unnecessary board iteration. Eventually they used simple slot addressing like StripFED.
Test in final configurations as early as possible.

StripFED has issues with cooling hottest front part of board. Despite successful testing in UK lab the final rack and crate configurations at CERN behaved differently.

PixelFEDs found that variations in the light output caused by temperature changes at the laser drivers caused problems decoding pixel header information.

Always think of the Final System.

There are practical constraints for operating with hundreds of cabled up boards as compare with prototype systems with a few boards. FPGA configuration needs to be done entirely in-situ without removing boards. Need means of removing interfaces without removing boards eg Transition cards.
Define Interfaces.

Some system interfaces came rather late due to the need for agreement between several subsystems. The final SLINK and FMM links were electrical. Optical links would have been more elegant and may have avoided need for Transition cards.

Firmware requirements are never final.

Hardware boards are built, debugged and delivered. But Firmware (like software) can be changed and so is never finished.
Avoid Duplication.

A lot of firmware is duplicated across CMS boards Eg for interface protocols both custom SLINK, FMM, TTC and standard VME, I2C. In future use commercial FPGA cores where available for standard interfaces.

StripFED Test software was duplicated. Final Tracker DAQ was not available during prototyping and software proved too complicated in practice for use in board testing. 

There is no common firmware or software (beyond the common XDAQ framework) shared by the StripFED and PixelFED projects.
