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1 
Introduction

This section will introduce ATLAS, Inner Detector, SCT, silicon module, barrel and cylinders, endcaps and disks.

Last paragraph should comment what the following sections are about.

Just copy-pasted from the DAQ paper:

“The ATLAS experiment is one of two general-purpose detectors at CERN’s Large Hadron Collider (LHC). The SemiConductor Tracker (SCT) is a silicon strip detector and forms the intermediate tracking layers of the ATLAS inner detector. The SCT has been designed to measure four precision three-dimensional space-points for charged particle tracks with pseudo-rapidity
 |η| < 2.5 (Error! Reference source not found.). 
The complete SCT consists of 4088 front-end modules [
,
]. Each module has two planes of silicon each with 768 active strips of p+ implant on n-type bulk [
]. The planes are offset by a small stereo angle (40 mrad), so that each module provides space-point resolutions of 17 μm perpendicular to and 580 μm parallel to its strips. The implant strips are capacitively coupled to aluminium metalisation, and are read out by application-specific integrated circuits (ASICs) known as ABCD3TA [
]. Each of these chips is responsible for reading out 128 channels, so twelve are required for each SCT module. 
The SCT is geometrically divided into a central barrel region and two endcaps (known as ‘A’ and ‘C’). The barrel region consists of four concentric cylindrical layers (barrels). Each endcap consists of nine disks. The number of modules on each barrel layer and endcap disk is given in Table 1 and Table 2. The complete SCT has 49,056 front-end ASICs and more than six million individual read-out channels. 
	Barrel
	B3
	B4
	B5
	B6
	Total

	Radius / mm
	299
	371
	443
	514
	

	Modules
	384
	480
	576
	672
	2112


Table 1: Radius and number of modules on each of the four SCT barrel layers.

	Disk
	1
	2
	3
	4
	5
	6
	7
	8
	9
	Total

	|z| / mm
	847
	934
	1084
	1262
	1377
	1747
	2072
	2462
	2727
	

	Modules
	92
	132
	132
	132
	132
	132
	92
	92
	52
	988


Table 2: Longitudinal position and number of modules for the nine disks on each SCT endcap.

In Section 2…”
2 Framework considerations

This Section should cover what Ned called “Mechanical description, and G&S issues (What the givens were at the start, and the possible G&S hazards)”. Here it should go a brief introduction saying that the SCT is part of a more complex mechanical and electrical system (ATLAS) which has other subdetectors.
2.1 Mechanical considerations

I guess here we have to include a short geometrical description of ATLAS, probably the best is to have pictures or drawings. I guess we have to take into account the following parts.

2.1.1 ATLAS Caverns

Here we should describe the Service Caverns (USA15 and US15), stating that the back end electronics are there (module power supplies, DCS, heater pads, etc.).

Also talk about the experiment cavern (UX15) and PP3, describing the length and routing of the cables.

Finally, we should describe geometrically the ATLAS detector and the Inner Detector place.

2.1.2 Inner Detector

A short description of the Inner Detector elements. 

2.1.3 SCT

Here a description of the SCT

2.1.3.1 Barrel

Barrel, layers, modules, pipes, OTE/ITE, HSP.

2.1.3.2 Endcaps

Endcap, disk, modules, pipes, OTE/ITE, STFT, RCT, Segmented Plates.

2.2 Grounding and shielding considerations

Here the same from the G&S point of view. Things that I can think of are the following.

2.2.1 ATLAS grounding and shielding policy

Maybe an introduction about how the grounding nodes are in the pit.

Read the ATLAS policy and extract things like: subdetectors isolated, only reference to ground of the subdetectors through the safety cable, floating power supplies, grounding of crates, etc.

2.2.2 Inner Detector strategy

Description of the ID node, collecting the safety grounds from the different ID subsystems.

3 Prototyping design guides

3.1 System Test

http://asct186.home.cern.ch/asct186/systemtest.html

3.1.1 Barrel

http://asct186.home.cern.ch/asct186/systemtest.html#barrel
and

http://asct186.home.cern.ch/asct186/barrel_web/shield_options3.html
3.1.2 Endcap

http://asct186.home.cern.ch/asct186/systemtest.html#forward
and

http://asct186.home.cern.ch/asct186/forward_web/grounding_schemes_20030108.html
There are points about pipe referencing, shunt shield, PPs.

4 Electrical grounding and shielding design

Here is where we have to put all the electrical description. I take as reference some of the points mentioned by Ned; I have put his first ideas in each point.

4.1 Electrical safety

All exposed metal that can be reasonably touched by humans has a low impedance path to earth on all three sub-detectors.

4.2 Ground loops 

The barrel sub-detector is placed in a strong ground loop formed by the cable arrays that radiate from each end of the barrel. Each detector module is at the centroid of the two module cable groups. The cables capacitively couple to ATLAS ground and to nearby EMI sources. Each cable group has a net length of ~120 km, so the ground loop effect is strong. Since this detector arrangement looked promising in many ways besides this regrettable ground loop across the detectors, a ground loop attenuation strategy was adopted. The strategy in part consisted of these techniques:

a) Common mode chokes at PP3, with a bypass capacitor array, which reduces the effective cable EMI coupling volume by an order of magnitude. All conductors, including the cable shields, are ferrite choked at PP3 and bypassed to the cable shield on the detector side. 

b) Adoption of a complete Al shield enveloping the barrel module array.

c) An EMI filter on each cable conductor at PP1.

d) A very low impedance coupling plate between PP1 and the barrel shield, since PP1 is at a 600 mm greater radius than the barrel shield.

e) Direct bonding of the cable shield foils to the shielding structures at PP1 and PP3.

f) The cable shield drain wire connected at PP1 and PP3 as a redundant shield conductor

g) Close attention to electrical bonding technique on the Al shield structures, so that a large area gas-tight electrical joint is created, that will not deteriorate over time.

h) Detector module referencing to the power supply connector.

i) The sensor/ cooling tube shunt shield, which minimizes the detector module AC coupling to the sensor cooling tube service. 

The endcap suffers a minimal cable ground loop effect. The strategies used in the barrel design were all implemented, since they are sound system techniques for many applications, and were straightforward to effect. 

Should we here add the point that the cable shield is not connected to the power supply side to avoid a big ground loop in DC ?.

4.3 Small Signal ground

The first step in G&S system design for sensitive physics detectors  is to identify the location of the small signal path. In the SCT, the small signal ground includes the entire loop path of the signal current generated by a particle event in the depleted silicon detector diode.   The signal path includes the silicon strip diode and metal, the pitch adapter, and wire bonds, the preamplifier. Most of the signal path is in the adjacent amplier strips.  Also included in the sub-category of small signal ground are the front chip 0 V power bus, the front chip 0 V (hybrid analog ground) power bus on the detector hybrid, and the detector back plane with its bypass cap to analog ground.  The small signal ground is that part of the signal path that multiple strips have in common. Two design parameters are available to minimize EMI pickup in the small signal ground:

a) Make the small signal ground as low resistance and low inductance as practical.

b) Attenuate the flow of currents from external functions and sources through the small signal ground.

External currents in the small signal ground appear as a pickup voltage at the front preamp transistor. Minimizing the small signal ground impedance minimizes EMI pickup voltage.

4.4 Detector module design

The detector module for both endcap and barrel were iteratively designed to reduce the small signal ground impedance to low enough impedance for practical, low system noise operation. 

The detector module needed particular design attention to minimizing the capacitance between the detector cooling service and the detector silicon sensor.

Probably, we should mention how the HVret, DGND and AGND are treated at the hybrid.

4.5 PP1 filter

The PP1 filter is simple capacitive bypass for each module cable conductor to the sub-detector shield skin. Care is taken with the electrical bonding path of the cable shield to the main shield skin.

4.6 PP3 filter

The PP3 filter is an isolated module servicing one detector cable. Surface mount common-mode choke arrays. A rectangular common steel tube provides shielding of the ferrites from the 1 kilogauss DC fields.

We have to remember to state that each shield of a cable and its associated steel tube shielding is completely isolated from the rest and the rack.

4.7 Supply and service cables

Probably here is a good place to put the EMI test we did with G.Blanchot with final power supply, PP3, PP1 and cables.

Data is transmitted using optical links from the each module, so the module cables have minimal dynamic information. The cable conductors need filtering as they enter the detector array shield to attenuate EMI pickup from sources around the ~120 m path from the module power supply location.  The module cables are 16 conductors with a single Al foil spiral wrap shield of 25 um thickness.

 There are 3 detector array groups, two ends and a barrel. Each array has a complete shield skin and an independent single point tie to earth.  Each of ~4000 module cable shields are grounded only at their respective PP1 detector array shield. Deeper EMI cable shielding would be achieved by earthing both ends of the cable shield, but this would imply that the detector cable array would be earthed at the extremes of the ATLAS installation, in both caverns, ~200 m apart.

4.8 Power supply filters

5 Mechanical grounding and shielding design

5.1 Detector array shield

The detector array shield has three purposes:

a) EMI field shielding from adjacent sub_detectors.

b) EMI field shielding from the 40 MHz LHC beam current

c) Common-mode filtering of the detector cable shields, and the cable conductors, into a common shield potential.

In order to attenuate the common-mode AC noise on each cable, the cable shield tie must be as low-impedance as practical.

5.2 Bonding techniques and implementation
Many techniques for Al and Cu bonding were investigated. The most successful were the use of small dimension BeCu tin-plated assembly gaskets.

Silver epoxy seam joints were also used. 
5.3 Barrel G&S structure summary

I propose to talk here about how the electrical connections were made. And put resistance measurements were appropriate.

5.3.1 OTE/ITE

OTE, ITE, tabs from OTE and ITE to the bulkhead.

5.3.2 HSP

Connection of HSP to bulkhead, to PP1 base plate and cover. Isolation from TRT and Cryostat. Safety ground connection.

5.3.3 PP1 

Connection to base plate, clamp (shield and drain wire), covers.

5.4 Endcap G&S structure summary

5.4.1 OTE/ITE, STFT

Connection/isolation between parts. Electrical break in pipes at STFT.

5.4.2 RCT and CTT

Connection/isolation between parts.

5.4.3 Segmented plates and PP1

Connection between SPs and PP1, isolation from the rest. Monophase cooling electrical break, drain and shield connection. Safety ground connection.  

5.5 Isolation control

I would put here the ground alarm monitor. I copy here what we have in the EC G&S note.

“Once the EC (Barrel) is installed in the cavern, the grounding conductor should not be removed if at all practical. A fault detection device is installed on the EC to monitor whether an unintentional earth fault path has developed. Here is a schema of the system and a picture:

[image: image1.jpg]


         [image: image2.jpg]



A test current (500mA) is injected into the SCT EC. In the absence of a fault, all current is flowing to the ground point and returning back. If a fault develops part of the current will flow from the SCT to ground following another path.

The Bergoz IPCT, Integrated Parametric Current Transformer (http://www.bergoz.com/) is the core device in the monitor. This will allow full direct safety earth bonding while detecting any new earth path from an erroneous connection. The monitor is in place since March 2006, and it will be installed up to the end of the installation and commissioning. It will be removed just before the cavern is closed.

The IPCT is an ultra high gain transformer using active circuits. The toroidal transformer has the safety earth and a ~200 mA reference current conductor threaded through it. The return path for the reference current should be entirely in the safety earth conductor. If as little as 10 A of current should be diverted through a fault path, then the monitor will detect the event. For a safety ground resistance of 100 m, the monitor can detect fault paths with resistances lower than 1 K - 2 K. While work is being done on the services of an installed EC, the Bergoz Monitor should be active, so that connection mistakes can be corrected as they occur. If several mistakes pile up without correction, faults are much more difficult to clear on the large assembly. The monitor has been very useful as it was connected to a visual and sound alarm. The intention of it was to warm immediately the installation person of a fault, and thus avoiding the pile up of faults. The threshold alarm was set to trigger if a fault connection was lower than 100 . For faults longer than 2 minutes an email and SMS text was sent to the Grounding expert. The system also detects connection to an active circuit injecting current into the EC (threshold 0.5mA).”

5.5.1 Problems during installation

Here we can put some of the problems keeping the electrical isolation during installation. Things that I can remember now:

· Minor problems solved by the installation person (thousands!).

· Barrel:

· Edge of copper/kapton foil touching TRT.

· RHSP tabs connecting to the PP1 base plate not insulated.

· Cooling before the electrical break contacting the cable tray.

· Endcap:

· Copper/kapton foil wrapping PP1 boxes shorting everywhere.

· Electrical break of monophase cooling tubes shorting.

· CO2 pipe from Barrel HSP touching foot of EC-C (2KOhm). I have very nice pictures of this one from the endoscope. 

6 Performance

Probably here we just would like to put a comparison of module noise between module, barrel/endcap assembly and experiment.

7 Conclusions

Great design, great implementation. Maybe we can put here a comment on things that could have been done differently, if any. My suggestion is to mention at least that a much better communication between subdetectors is needed.
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� The pseudorapidity, η, is given by η  = -ln tan (θ/2), where θ is the polar angle relative to the beam axis.
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