Thoughts on Si Strip readout.

In a brainstorming session with myself, Ken and Glenn we identified the following concerns that are critical to getting the development of the Si Strip readout onto the fast track:

1) Money flow is a concern, but we can’t do anything about that except present a compelling case and argue to get the money rolling.

2) As already noted by many people, development of a new ASIC will have significant schedule impact. This is not only because of development cycle. There are also issues with development of a test rig – especially difficult since the SVX4 or TGV’ would likely be unpackaged. Let’s presume that SVX4 will work and investigate the testing procedures in place for the production of that chip.

3) Logistics issues caused by coordination requirements between the electronics, the sensors and the mechanics. We should try to decouple different aspects as much as possible.

4) If we need to use a new DCM then we will need to coordinate with Chi’s schedule, we’ll likely need to develop a new miniDAQ and we will need to buy new DCMs. If we use the old DCMs we can re-use existing miniDAQs in test rigs and we can, as it turns out, re-use the existing MVD DCMs.

The picture that fell out of our attempt to address these issues is the following:

Figure 1 shows a Zheng Li sensor (ZLS) is 3cm x 6cm. It has 750 x-strips and 750 u-strips. These strips are read out at four 375-channel columns that span the 3 cm direction of the sensor (indicated in red).
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Figure 1
Figure 2 shows five ZLS’s arranged in a ladder that is approximately 3cm x 30cm. This ladder is a phi segment. There are 12 (16, 20) segments for the 6 (8, 10) cm radius barrel. This is a total of 240 ZLS’s.
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Figure 2
Figure 3 shows each ZLS readout by two readout cards (ROCs), one for each of the two 3cm x 3cm sections of the sensors. There would be a total of 480 ROCs.
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Figure 3

The ROCs have six (6) SVX4 chips (3 for x readout – red, 3 for u readout – blue) and an FPGA (black). The job of the FPGA is to collect the information from the SVX4s, threshold the data and format it into words. One wants to minimize the stuff on a ROC to guard against low chip-yields. Note: local zero-suppression can’t be accommodated by PHENIX DAQ w/o modifying BUSY circuitry. With this local buffering we can sufficiently reduce the overhead of the SVX4 readout (129 clock cycles per chip) by packing information from several channels into a single word, an operation that proceeds in parallel on every ROC.
The SVX4s and FPGA are unpackaged and the ROC is a thin kapton sheet similar in spirit to the pad chamber ROCs. Note: there are 750 channels on a 3cm square, compared to 48 channels on a 5.5 cm square for PC.
The ROCs rest on top of the sensors. Short kapton cables reach up from the sensors, fold over and attach to the ROCs. One edge of the ROC kapton substrate is formed into a short cable that will plug into a FEM. A total of 48 FEMs.
The ten ROCs from a ladder plug into a FEM. The FEM has the bulk of the material (packaged chips, phone jack, fiber transmitter, etc.) When I last discussed this with Glenn and Ken we had thought to orient this on a radius to minimize the solid angle of interference with TPC/HBD. However, as I think about it, even this solution may put too much stuff in the aperature. We may need to put the FEM material outside the aperature.
Each FEM has a fiber transceiver and G-link transmitter and receiver – newer, low-power versions. Each would also have an ARCNET link, power conditioning, and a data formatter FPGA. With the ROC arrangement described above the data formatter is relatively simple – in fact it is nearly identical to the MUID data formatter.
Each FEM talks to a DCM, so there’s a total of 48 DCMs, or 12 DCBs.

If we run the DCM link at 40 MHz then we can read out ~1200 words in the PHENIX-standard 32 usec, that means up to three bits per channel are possible. If we are allowed to go out to 40 usec then we could readout 4 bits. On the other hand, if we go to one bit per channel and threshold on-board then we would try to squeeze more ROCs into a FEM or run the DCM link at 20 MHz. We have even more wiggle room if we don’t need to daisy-chain FEMs (because we re-use existing (MVD) DCMs of which there enough (?) to use w/o daisy-chaining).
