Grounding + Shielding Meeting                                                                                                                         9/4/02


SCT End-cap Grounding + Shielding

Tuesday 9th April 2002

RAL
Present

Bruce Gallop (am only), Debbie Greenfield, Stephen Haywood, Tim Jones, John Matheson (am only), Martin Morrissey (am only), Tony Smith, Ned Spencer, Jason Tarrant, Mike Tyndel (am only)

Apologies

Ian Wilmut

Aim

To review the current thinking for the Engineering implementation.

The discussions followed the thoughts set out in the Overview Note prepared by Tim and Debbie, in particular Section 4, from which parts are extracted for these minutes and shown in italics. In due course, this overview will be upgraded – what is included here is a snap-shot. The Overview Note and Minutes can be found at:

http://hepunx.rl.ac.uk/atlasuk/sct/engineer/g+s/endcap.html
This page also contains some sketches made during the meeting.

Comments arising from the End-cap Engineering Meeting on 24 April are included as footnotes.

1. Proposed Engineering Implementation

1.1 Module Interface

The baseline K5 module includes provision for a shunt shield. If the shunt shield is found during system tests to be needed then the only requirement on the engineering is for there to be an electrically insulating layer between the module and the cooling block. This will be implemented by means of an insulating thermal pad instead of a grease layer. The thermal implications of such a pad need to be determined. In this case the module washer must either be an electrical insulator or must bear down on an insulator.

If it is found that the shunt shield is not desirable then the alternative is to make a DC electrical connection from module ground to the cooling block. This is implemented by a small Cu/kapton flex attached to the top side of the hybrid. The copper plating is soldered to module ground and the connection to the mounting block/cooling structure is made using an electrically conducting mounting nut/washer/location pin/mounting block.

Ned explained the various schemes for shielding the Module and then, if required, for shorting the shunt. If shorting is required, he prefers to do this via a connection between the Cu in the shield on top of the block and the Hybrid, rather than with a connection from the Block Pin to the Hybrid. This should have a resistance of < 1 . Did I get this right ? (Tim is not sure.)
Liverpool are looking at the insulating pads (~ 150 m) on the blocks, in particular thermal resistance. Tim fears the thermal performance will be worse than a 10 m layer of grease
. There is uncertainty as to their rad-hardness. Ned says resistance should be > 5 k.

Ned does not believe that any scenarios necessitate insulating Block Pins, connection from Pin to Block can be conducting and should have a resistance of < 1 .

Conclusions

1. Tim will update the text (above) in the Overview Note.

2. The only engineering implications are:

· The need for a thermal pad – which Liverpool are investigating.

· The Block Pin should be long enough to include nuts, kaption/foils etc (~100 m).

1.2 Discs

1.2.1 On Disc

The discs will be equipped with three 50(m thick, 10mm wide annular foils, one for each module ring, just above or below the radius of the main cooling block. The cooling blocks will be electrically connected to the foil, this will be achieved by tabs on the foil which will be clamped between the cooling block and the block retaining screw with a washer. 

The annular foils are to be electrically connected with 16 radial foil strips – one to each of PPF0 electrical patch panels. The connection between the annular and radial foil strips will be achieved either by cutting the whole foil arrangement out of a single piece of foil or by clamping together the foil at the cross-over points. The radial foils from the front of the disc will pass through the disc services apertures to the patch panels on the back. The radial foils on both the front and the back of the disc will be connected to the disc skins via either conducting pads in the skins or via ‘pop’ rivets
. There will be 1 per radial foil so a total of 16 on each side of the disc.

There is a 4th annular foil ring at the radius of PPF0 which is electrically connected to the radial strips from both the front and the back of the disc.

The manufacture of the foil rings and interconnecting radial strips needs to be optimised. The competing requirements are:-

· Minimising joints: by cutting pattern out from a large sheet of foil

· Handling issues: is a large area 50(m thick foil ‘spiders-web’ pattern manageable. Would local reinforcement help ? Does it need to be made from an Al/kapton laminate ?

· Cost: Laminate is more expensive than foil. Assembly time for local reinforcement.

The annuli provide a lower impedance (factor of 4) between Blocks compared to that provided by the Pipes. Ned is happy with the scheme and the fact that annuli are under the necks in Cooling Blocks, rather than the main body of the Blocks.

Tony believes it would be preferable to shield the Inner Modules on each Disc from signals at lower radius – but it would seem to mechanically awkward and we hope the ITE shield is sufficient.

1.2.2 Disc 1

Between disc 1 and the front wing there will be an additional foil. This needs to be connected to module ground but isolated electrically from all other components. This will be implemented by a foil attached to the inside of the front wing. It will be annular with an outer radius equal to the disc outer radius and an inner radius slightly below the outer module hybrid inner radius. This will be connected to the inner module annular foil (which is not used as there are no inner modules on disc 1) at eight points using ~ 15cm long tapes as required for access
. There is no space to interpose a self-supporting foil linked directly to disk 1, between the surface of the upper modules and the inside of the front wing.

Separation between Modules (silicon detector surfaces) and shield will be about 9 mm. The shield will be attached to the kapton Membrane and tied to the foils on the Disc. For example, although there is no inner ring, there could be a foil annulus held by dummy blocks, and connection could be made to this conductor.

If we were to use the heat-spreader plate on the Front Wing as this shield, its connection to the cooling on the OTE would need to be electrical insulating (but to serve its cooling function, thermally conducting). Tim will try to understand the heat-flow in this region.

1.2.3 Disc 9

A similar arrangement will be made between disc 9 and the inside face of the rear wing.

Separation between Modules and the shield will be about 30 mm. One could use the cooling plane on the Rear Wing, in which case, this would need to be electrically isolated … isolated from what and connected to the annuli on the Disc ?
1.3 PPF0

The foil screens which are associated with incoming 3-module tape bundles need to connect to the PPF0 annular foil on the disk. This could be done by clamping the two together through the aperture after making the electrical PPF0 connections.

Ned would like to see wider annuli at PPF0, e.g. 2 cm. This acts as a shorting ring to ensure all Tapes are at the same potential as they come on to a Disc.

1.3.1 Cooling Pipe Connections

The Pipes are electrically broken at PPF0 due to potential corrosion problems between CuNi and Al. Tony would prefer not to have a break but the indirect connection through the grounding foils should suffice, without introducing corrosion problems.

Tony says that the Pipes should be tied together, provided they don’t diverge subsequently (on route out of detector). Ned proposes shorting Pipes at Master Ground Ring just outside Feedthrough.

There is no room for decoupling capacitors at PPF0; Tony says ideally capacitors should be at the Feedthrough
.

1.4 Support Cylinder and Feedthroughs

As the LV LMT services pass along the outer support cylinder from PPF0 to the exit through the thermal enclosure, each bundle of 9 tapes will be separated by a 50m Al foil thus electrically isolating the tapes from each disc. There will also be a foil between the first bundle of tapes and the support cylinder. The separation of the tape bundles will be continuous from the aperture to just before the bend where the tapes turn from the cylinder surface into the services thermal feed through. To bend all tapes and screens from the cylinder to the feedthrough will be difficult due to the room available between the cylinder and the feedthrough/outer thermal enclosure. From the point where the full bundles stop a thin (say 20mm wide) section will be taken through the feedthrough and connected to a common ground ‘ring’ just outside of the feed-through on the rear wing. There is no foil screen on the outer surface of the support cylinder other than the strips below each tape bundle.

At the PPF0 end of the foil screens there needs to be a portion which is strengthened by a Kapton at the end to enable it to bend though the aperture and then to be clamped to the PPF0 annular foil.

1.4.1 Support Cylinder

For each Disc, Tapes come out in groups of 3 bundles (at each patch panel: 3 bundles, each of 3 tapes, with 4 patch panel brackets per quadrant). Do the foils between them need to be three separate ones or a single wider one? Tony and Jason would prefer a single one, with individual tabs at PPF0 for each bundle. Ultimately, the width of the foil will be determined by handling considerations, with as wide a connection as possible to the connectors at PPF0.

Tapes do not need to be wrapped – separating strips (50 m foil on kapton) between the set of Tapes from each Disc are sufficient.

Ned felt that the grounding of the Support Cylinder was not so important; however Tony wants to connect it to the Pipes. Ned suggests it would be best if the Cylinder were well attached to the Rear Wing, which is close to the Master Ground Ring. The connection at the Front Wing is less important. The Thermal Enclosure will provide the main grounding path, and Ned doesn’t want to see an alternative path.

1.4.2 Feedthrough

All Pipes can have an isolating connection at entry to TE.

Jason believes it will be difficult to take the complete bundle of 9 sets of tapes around the bend at the exit of the Thermal Enclosure if they include the separating shielding-foils – experience with his mock-up shows that the tapes tend to buckle and not pack well. He would prefer to gather the foils together just before the exit and bring out a single conductor and connect that to the Master Ground Ring.

Tim asked whether it would it be possible to chop a corner off the OTE.

Tony says ideally capacitors should be at the Feedthrough.

1.5 Thermal Enclosures

There is a foil on the outer surface of each of the thermal enclosure sections. There will be additional foils placed over the joints between the sections. These foils will touch with variable connectivity. There will be no gaps in coverage but there will not be good conductivity along the length of the different sections. This is considered to be acceptable.

There will be an annular foil covering the outer skin of the thick wing between the radii of the inner and outer thermal enclosures. This will be connected to the foils on the outer thermal enclosure sections by 8 tabs in the areas where the support arms are not protruding. 

There should also be an annular foil skin on the outside of the front thin wing also linked to cylinder foils in the same way as the rear wing.

There will be a foil on the inner thermal enclosure incorporated into the manufacture of the cylinder. This will be connected to the foils on the front and rear wings.

1.5.1 Outer Thermal Enclosure

While Tony believes that electrostatically, the Support Cylinder will act as a Faraday shield, Ned is less sure (depends on its conductivity) and thinks the OTE should be the primary shield. It was agreed to have a good conducting surface on the outside of the OTE. The current plan is to have 100 m foil on each quadrant of the OTE (this foil also acts as a heat-spreader). Ned would like these to be connected along their whole length – this is a bit fiddly, although Jason has some ideas. Alternatively Jason may consider wrapping the End-cap in a single large sheet of foil and tying it together with thin CF straps.

Ned says it is fine to have a capacitive connection between the inner foil of the OTE and the foils associated with the Tapes – the OTE may see the kapton backing of the Tape shields, but there will be no direct metal connection.

On the inside, the cooling pipes and heat-spreading foils should be connected – it would suffice to do this just at the ends.

Wings

Like the OTE, the Wings will have a multi-purpose foil covering (100 m) which also acts as a heat-spreader.

Tabs come from the outer screen of the OTE on to the outside of the Wings and will be bolted down to ensure a good connection. How does this work near the arms ?

1.5.2 Inner Thermal Enclosure

A 25 m foil is envisaged for the ITE. Tony is concerned that this shield is very close to the Inner Modules, and he would prefer more metal – but it is difficult to quantify. His preference would be to put the foil at the inner radius of the CF tube. A moisture barrier is also needed on the foam insulation (at larger radius) – this could be kapton
.

Is there sufficient shielding from the Pixels ?

1.6 Master Ground Ring

There is a master ground ring on the low z side of the thick wing at a radius just larger than the outer thermal enclosure. This will consist of a thicker (100(m ?) annular Al foil about 1-2cm wide. This means that the wing will need to overhang the support cylinder by 2cm in the areas where the support arms are not protruding. Connections will be made to this ring from:-

· The aluminium screening layers associated with the LV LMT on the cylinder (4.4).

· The aluminium foil on the outside of the rear wing thermal enclosure (4.5).

· The aluminium foil on the outside of the OTE (4.5).

· The aluminium wraps of the LV LMT bundles going to PPF1 (4.7).

Tony would like to short out common-mode noise at PPF1 to avoid the problems associated with the left and the right halves of the End-cap being supplied by power supplies located in geographically separate caverns
.
Ned proposes shorting the Pipes at the Master Ground Ring (located just outside the Feedthrough).

1.7 Thermal Enclosures to PPF1

The Power Cables will be commoned at PPF1 (comparable with Barrel strategy of using PPB1). To avoid loops, should not common again. 

Services will be contained in trays (which also serve as heat-spreaders) – these should be well connected to the Master Ground Ring. Jason proposed that the trays should be 1–1.5 mm thick – Tim preferred 0.3 mm. The Barrel are going for plates rather than trays.

1.8 Miscellany

1.8.1 DCS

We know nothing about DCS Sensors !

1.8.2 Tapes

Tony is worried about the length of Tapes from PPF0 to PPF1:

· up to 2 m along Support Cylinder

· 0.5 m to Cryostat, 

· 0.3 m over TRT C-wheels,

· 0.2 m to PPF1.

How will these tapes be made and then supported (during transport/installation) ? Jason anticipates that the structure will need to be associated with a frame until it is installed.

1.8.3 Pixels

Will we be adequately shielded from the Pixel services by their own shielding and our ITE ? While there is concern about relying on the Pixels and therefore providing our own shielding to guarantee our own protection, there is a danger of increasing the material in a sensitive region.

2. Connection of Conductors 

2.1 Alochrome

The Alochrome process consists of:

1. Clean surface with acid

2. Add chrome plate

3. Wash off

Different grades exist, for example better conductivity can be obtained at the expense of corrosion protection – within reason, this would be the preference (and can be obtained by dipping/painting). Alochrome may increase the resistance of a connection, but ensures consistency which otherwise might be lost as a result of variable and uncertain corrosion. It is not clear whether it is necessary or easy to coat all surfaces.

Information is available from 

· Alpha Anodising: http://www.alphaanodising.demon.co.uk/
· Holland Shielding: http://www.hollandshielding.com/pdf/doc.pdf
John showed a Barrel mock-up of some heat-spreader plates sandwiching some wrapped tapes. If there is a good connection between the plates, then may not be necessary to wrap Tapes. The DC resistance depends on the pressure between the plates and the Tapes and is measured as 10-20 m (what is this between?) – the frequency dependence was not known. To ensure that the foils between Tapes are in good contact requires little clamps. Questions were asked of the plate thickness (2( ~2 mm).

To connect the annular and radial strips on the Disc, a screw and washer would ensure a good connection – but screws necessitate inserts (bad news). If it can be handled, a single complex foil per quadrant would be preferable.

For the connection of the OTE to the Wings, tabs from the OTE separated by ~10 cm are envisaged – these would be securely attached to shields on Wings. This seems acceptable, although the more continuous the connection around the circumference, so much the better. Not so clear how well this will work at the location of the arms.

As a general rule, one should avoid apertures in shields with dimensions greater than 1/10 of the wavelength of the corresponding noise. The peak of the noise is at 6 MHz, corresponding to 50 m. So why are we worrying at all?
It is not clear what resistance is required for joints, Ned suggests less than 20 mwhile Tony stressed the importance of reliable and consistent joints. The danger with joints is that when they are measured, all the connectivity is at one point and that junction subsequently is damaged – what is required is an extensive joint.

Gaskets

Ned proposed that using gasket (or braided) materials from Holland Shielding could be useful for connecting the TE’s. Not clear if they are rad-hard. The trouble is that these materials would probably lead to some uncertainty in the mechanical separation between surfaces.

2.1.1 Miscellany

Mike asked about clips, for example those used by the Barrel for their pipes.

Jason says Habia have jackets for cables.

2.1.2 Conclusions

1. Need good mechanical connections between conductors to ensure low resistance. No conclusion on exact method.

2. Debbie will come up with a list (with help from Jason and Ian) to identify all connection points. Don’t need a design yet.

3. Everything should be Alochromed at points where contact is needed.

4. Tony will make measurements of electrical resistance on Alochromed joints, including the effects of thermal cycling and frequency dependence. He would like lots of samples (from RAL) in various configurations.

5. When the Support Structure Tender work has eased, Jason will look at the possibilities of using rad-hard rubber gaskets.

Jason does not consider it helpful to promote significant parallel activity on studying the engineering solutions for the joining techniques between the shields, since this will be an integral part of the work he needs to do anyway.

3. System Test

Ned is pushing prototyping link to PPF1 for Barrel; probably also an issue for End-cap, especially in the light of the very long path-length. It would be interesting to test the cable-tray concept. Ned will communicate these ideas to the System Test Team (esp Jo, Ashley and Richard Bates).

Actions

Ned wants drawings:

· Ian’s drawing of foils on Disc –given.

· General End-cap drawings – available from Web:
http://hepunx.rl.ac.uk/atlasuk/sct/engineer/ec_fdr/index.html
Tim 

Update the text for the Module Interface in the Overview Note.

Liverpool
Investigate Thermal Pad on Block.

Tim

Understand heat-flow in region of heat-spreader plate on Front Wing.

Stephen
Inquire about shielding of Pixel services.

Debbie

Produce list of all connections between G+S conductors.

Tony 
Make measurements of electrical resistance on Alochromed joints, including the effects of thermal cycling and frequency dependence. 

RAL (John?)
Send examples of Alochromed joints in various configurations to Tony.

Jason

Look at the possibilities of using rad-hard rubber gaskets (after Support Structure Tender).

Stephen Haywood (27/4/02)

Feedback on Draft Minutes from: TS, EC-Eng

(No feedback yet from NS)


























































































































































� Nigel Hessey is very unhappy with the prospect of an addition 5oC T. Can’t make AlN layer thin enough, but what about anodised Al ?


� This is now planned for in the Disc manufacture – Ian will ,mark positions on drawings.


� Alternatively, may be better to use the radial strips instead.


� It seems unlikely that there will be no room at the Feedthrough for the capacitors – Tony does not believe this is a big problem.


� Since the CF tube is fairly conducting, the shield can go on either side of tube. Tony would like it to be between the heaters and the Modules. From inside to outside: Pixels, CF, heaters, foil, foam, SCT Modules.


� We need to look into the possibility of connections at PPF1 or, if not, where the services from the End-cap meet the Squirrel Cage. 
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