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Considerations
• Geometry and power dissipation have major effects on cooling 

performance.

• For that reason, considerable attention has been paid to the 
geometry proposed for CLIC-ILD 500 GeV and to expected power 
dissipation.

• What follows is based largely upon the talks given at the recent 
Orsay Power Distribution Workshop by Marc Winter and Jerome 
Baudot.

http://ilcagenda.linearcollider.org/conferenceDisplay.py?confId=5010

• A variety of similar, but slightly different, options for sensor 
arrangements appear to have been considered.

• Any difficulties with parameters or intents are due to my 
misinterpretations.
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Power dissipation
• I’ve not been able to reproduce power dissipation numbers and have 

assumed Marc’s steady-state values.  They are based on 0.35 μm 
process prototypes.

– Inner layers:  2.2 W per sensor

– Outer layers:  0.6 W per sensor.

• Sensor dimensions for this estimate:

– Inner layers:  2.5 cm x 0.96 cm = 2.4 cm2

– Outer layers:  2.0 cm x 2.2 cm = 4.4 cm2

• P/A

– Inner layers:  0.92 W/cm2

– Outer layers:  0.136 W/cm2

• If scaled to a 0.18 μm process, the P/A values become:

– Inner layers:  0.67 W/cm2

– Outer layers:  0.114 W/cm2

• Average values with a power pulsing factor of 80 are:

– Inner layers:  0.0083 W/cm2

– Outer layers:  0.0014 W/cm2
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Power dissipation
• These values seem low.

– Marc warns that any increase in leakage current has not been taken into 
account in scaling between 0.35 μm and 0.18 μm processes.

– In addition, power control losses and output driver power should be 
added.

• Assuming factors of 1.25 for each of these (this assumption could be 
improved) leads to:

– Inner layers:  0.0130 W/cm2

– Outer layers:  0.0022 W/cm2

• Those are the values I’ll assume (plus a few estimates at 0.13 
W/cm2).
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Geometry from Jerome’s Orsay talk

• Note that the beryllium outer cylinder does not appear to have the 
moment connections needed to control beam pipe stresses.
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Geometry from Jerome’s Orsay talk
• Three double-sided layers
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Modified end-view geometry
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I started from scratch 

before noticing Jerome’s 

parameters.

This may be useful to 

illustrate how barrel 

geometry can be 

developed.



Barrel geometry
• It is relatively straight-forward to develop geometry starting with 

ladders at 12 o’clock.

• Silicon-foam-silicon ladders have been assumed.

• Step 1:

– Assume a ladder thickness, a radius for one of the silicon sensors, a 
sensor-sensor radial separation, and an approximate ladder width.

– Assume the silicon surface is normal to a straight line from the origin.

– Estimate the number of ladder phi locations to provide full coverage.

– Note that the x-offset of a ladder at 

12 o’clock sets its “phi” orientation.
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• Step 2:

– Form a two-ladder array in phi.

– Notice that for this starting x-offset, the ladders overlap.

– Choose a closest permitted distance from ladder to ladder.

– This should take into account any protrusions which have not been 
explicitly drawn and clearance needed for ladder installation.

– I’ve chosen 0.5 mm.

Barrel geometry
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• Step 3:

– Offset the limiting feature of the second ladder by the chosen amount.

– Then move the first ladder in x until its furthest feature matches the 
offset line.

Barrel geometry
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• Step 4:

– Eliminate the second ladder and form a new two-ladder array.

– Note that an arc from the origin can pass between the two ladders and 
miss the sensitive region of one or more sensors.

– Choose a minimum P_T for full hermeticity.  For a given B-field, that 
specifies a radius of curvature.  For B = 4T and 0.3 GeV/c, I get 250 
mm.

– Look at sensor active regions a draw an arc from the origin with that 
radius which passes through the aperture limit of the first ladder.

Barrel geometry

Bill Cooper 9 June 2011 11



• Step 5:

– Shift right edge features of the second ladder to obtain the overlap of 
your choice.

– In this case, I’ve chosen edge features such that the arc passes 0.1 mm 
within the active area of the second ladder.

– The second ladder now has the desired geometry.

– Eliminate the first ladder and use the second ladder to generate the full 
array.

Barrel geometry
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• This is a bit tedious, but it provides a systematic prescription for 
establishing the barrel r-phi geometry.

• A spreadsheet can be used to make equivalent calculations.

• This method was applied to obtain the barrel geometry shown on 
slide 7.

Barrel geometry
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• To understand the openings through which cooling gas would flow, 
I’ve made a first pass at the beryllium support disk details.

• It wasn’t clear to me whether the preferred solution is to support the 
innermost layer from the beam pipe or from the beryllium disk.

– I think the intent is to support from the beam pipe.

• I’ve assumed that openings should be large enough to allow ladders 
to be inserted through them.

• To leave enough material behind for beryllium disk integrity, it 
looked as though the full ladder width couldn’t engage the beryllium.

• The drawing shows a narrower foam tongue for the engagement.

• The ladder edge at larger phi locates the ladder.

• Additional clearance is provided at the opposite edge of the ladder 
tongue.

Ladder support disks
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• My assumption is that the beryllium would be cut by wire EDM.

– Corner radii have been drawn to be 0.25 mm.

Ladder support disks
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• The outer radius of the support disk is drawn to be 83 mm.

Ladder support disks
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• This shows L1 support from the beryllium disks.

Ladder support disks
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It isn’t clear how 

this would be done 

if L1 is shorter than 

L2 and L3.



• Transitions to larger conductor cable and an outer thermal enclosure 
are not shown.

• It isn’t clear when or how the support disks are mated with the beam 
pipe.

Side elevation
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• For this r-phi arrangement, power dissipation is slightly lower than 
Jerome and Marc presented at Orsay.

• Naturally, the results depend critically on P/A.

Power dissipation
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• One power cable is assumed for each end of a ladder.

– That implies a cable supplies sensors on both A and B layers of a 
ladder.

• Based on the elevation drawing, I estimate conductor lengths of 
10.77, 5.39, and 7.46 cm for L1, L2, and L3, respectively.  The 
length is for one of the two conductors (supply or return).  

• Assuming an aluminum resistivity of 2.828 x 10-6 ohm-cm and a 
voltage drop of 0.1 volts, that implies conductor cross-sectional 
areas of 0.0041, 0.0027, and 0.0038 cm2.

• For a conductor thickness of 40 μm (moderately high), the required 
conductor width is 6.1 mm, 2.1 mm, and 2.8 mm for L1, L2, L3.

• These results are roughly a factor of 10 greater than others gave at 
Orsay.

• For the moment, I’ll assume these widths.

Cables
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• Cables in green are drawn approximately.

• They will affect air flow and 

may move with the 

breeze.

Cables
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• Air flow and cooling calculations won’t be realistic until obstructions 
from the beryllium supports and cables are understood better.

• One feature that I presented incorrectly at Orsay was heat 
transmission through a silicon-foam-silicon sandwich.

– Assuming 6% silicon carbide foam (or a similar material), temperature 
difference through the sandwich is negligible for reasonable heat fluxes.

– ~0.1 K for 0.013 W/cm2 heat flux

• Air flow between L1 and the beam pipe is still too small for 
significant heat removal.

• However, cooling of L1A sensors is more effective than I thought 
because of heat transmission through the ladder thickness.

• A quick look was taken at heat conduction through air to the beam 
pipe.

– ΔR = 0.136 cm

– P/A = .013 W/cm2

– k = 0.0243 W/m-K

– ΔT = 7. 3 K

– So this should be a viable means to remove heat from L1a.

– It probably wouldn’t be if the heat flux were a factor of 10 larger.

Air flow and cooling

Bill Cooper 9 June 2011 22



• This is as far as I got before running out of time and energy.

• Though I’ve looked at heat removal via the beam pipe a little, I’d 
prefer to wait until the results are more certain.

• The same applies to redoing the overall air flow / heat removal 
calculations.

• Details will matter and it would be better to be sure of them than to 
provide misleading results.

– Many are understood better for this particular geometry.

• Please be patient.

In conclusion
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