Notes from Pixel End of Stave Card Discussion 
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Maurice Garcia-Sciveres, Alex Grillo, Martin Kocian, Dave Nelson, Su Dong
We started from an initial sketch by Maurice (attached at the end of the note) for the pixel upgrade End of Stave (EoS) card, to brainstorm the various sectors in turn. There are a lot more uncertainties for the inner layers, while the outer layers are better known so that the sketch is really for the outer layers as a starting point. 
Mechanical Aspects
The electrical stave is envisaged to be a single long piece glued to the mechanical stave with modules on the outside wire bonding to it. If it is double sided with odd/even stagger up and down, there are should be plenty space for the modules to wire bond to the electrical stave. However, a sketch of how it might look like would be very helpful. For single sided stave, accommodating z overlap in a tiled structure, or edgeless sensor butting, the connection arrangements need more thoughts. In any case, the total number of traces on the electrical bus and adequacy of pitch against cross talk or discharge need to be evaluated. 
Clocks and Data Lines
There several possible schemes for the clock arrangements. It’s clearly desirable to just have one set of input clocks while deriving the others locally if possible. Comparing two schemes: 

a) Send in 160Mhz clock and derive 40 Mhz locally.

b) Send in 40Mhz clock and derive 160Mhz locally.

Scheme a) would require a synch mechanism through an extra line to ensure the phasing of 40Mhz between the modules, while have a synched 160Mhz between modules. However, the module operation needs for 160Mhz are independent and really don’t need synch so that it can be generated locally. There are routing path differences between the different modules so that we expect phase difference in any case which requires the EoS card to do timing alignment when receiving data from the modules. We are therefore in favor of scheme b). The phase difference is expected to be stable so that one tunable parameter per channel at the EoS would be sufficient to ensure the data receiving phasing. However, we can still prudently assume a locally generated 160Mhz on the module will be sent to the EoS together with data. The scheme b) input clock being 40Mhz also can allow one to go more confidently to a multi-drop input clock scheme to significantly reduce needed traces so that one can even plant a spare multi-drop trace for redundancy.    
The Cmd data lines can also be combined into a single multidrop broadcast line instead of separate point-point. The entire half stave has ~1M pixels so that the total configuration data is <2Mbytes. Broadcasting all data to every module at 40Mhz only takes <1 sec. The one addition for this scheme is the need of a hardwired module ID on each module to determine which part of the broadcast data to use. With just a single stream of 40Mhz clock and single stream of 40Mhz data, there is also no need for deserializer. There might be needs to have separate CMD and Trig lines, which won’t bother us much to add one more multi-drop line. 
So the new clock/signal lines counts:

Input to modules:  4 pairs of multi-drop lines  (40Mhz clock, CMD, Trig, spare)     
Output from modules: 2xN point to point pairs  (data, 160Mhz clock)

It’s likely the160Mhz output clock may not really be needed but we would like 2 pairs per module output as redundancy or double output rate. N=number of modules per half stave, which is 8 for outer staves.  

Power Delivery      

The estimated FE power is 0.5A x 1.5V per chip (each chip 2x2cm, 4 chips per module and 8 modules per half stave) to give a power of 0.5*1.5*4*8 = 24W (but my note was ~50W ?) per half stave, at a total current of 16A. For supplying the chip power, 0.5V/cable drop may be OK.  For 0.5V/16A=0.03 Ohm resistance, the corresponding copper cross section needed for carrying over ~4m distance = 2.3mm2. The two pairs of microCoax output lines going out of the serializer may be a bit too thin to provide enough copper for the power, although the coax shield may be not far off. Can the little button connector take Amp level current ? One may still ask which lines one is comfortable with to carry power in any case. The twisted pairs for DCS may be better candidates ? 

DCS LV/HV    
The temperature sensing NTC will be analog on stave and digitize only at end of stave? Digitizing on module make allow a token ring arrangement for slow readout to reduce stave trace ? How many HV/LV types do we really have ? What voltage is needed on the interlock lines ? There are some other DCS development in progress we should look at to see the compatibility. [`ALICE box’ was mentioned, but don’t recall the context].  
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