Internal Services  (Jose Alonso)


The services transmit power, control logic and cooling to the detector; and bring data, sensor readings and return coolant away from the detector.  The services are roughly separated into regions between “patch panels” (PPs), the Inner Services described here cover the space between the first and second of these regions, known as PP0 and PP1.  This first in the chain of services consists of a set of SQPs (Service Quarter Panels), and covers the ~2.5-meter region at both ends between the endcaps of the Pixel Detector and the outer edge of the Inner Detector.  The Pixel Detector and the two Inner Service sections fit inside the 0.45 meter diameter by 6.1 meter long Pixel Support Tube (PST) separating Pixel from the next detector (SCT).  The SQPs, four on each side, are mounted on a carbon-fiber structure, the BPSS (Beam Pipe and Service Support).  Each SQP consists of two roughly mirror-symmetric assemblies mounted on the left and right of a carbon-fiber backbone.  Thus the basic units of the Inner Services are octants, labeled A1 through A8 on one side of the Interaction Region and C1 through C8 on the other side.  


Each octant includes two sets of electro-mechanical assemblies, labeled “OSP” and “ISP” (Outer/Inner Service Panel), sandwiching a set of tubes that carry the C3F8 evaporative-cooling fluid.  Each of the service panels consists of a printed-circuit (PC) board with an array of connectors – the PP0 board – on which are mounted cards for generation of optical pulse-trains, a long carbon-fiber corrugated panel providing mechanical rigidity and channels for the wires and optical fibers, a stack of PC cards laminated together surrounded by a flange (PP1a), and an array of LEMO 5F 64-pin connectors mounted on an aluminum corrugated ring (PP1b) providing the interface to the next layer of services.  Optical fibers are brought to a complex connector, one per SQP, capturing 80 8-channel ribbon fibers. 


The PP1a flanges mount into an aluminum “1/4 plate” attached to the SQP backbone, the four ¼ plates mounting into a “cruciform” on the BPSS and providing a gas-tight end-plug to allow for environmental (gas and humidity) control: a continuous flow of dry nitrogen, through the inner volume.


The cooling tubes, a maximum of six sets for each octant, are brought through independent holes in the ¼ plate, and consist of a 2 mm ID inlet tube thermally bonded over the inner length of the SQP to an 8 mm ID exhaust tube forming a regenerative heat-exchanger in the SQP region.  The PP0 end of the inlet tubes are connected to individual detector cooling loops with a capillary (ID = 0.5 mm to 0.75 mm depending on the circuit) that serves as a pressure and mass-flow regulator, and helps assure evaporation of the fluid at the primary source of heat.


Individual cables plug each of the 1744 detector modules into ELCO 36-pin (0.5 mm pitch) connectors mounted on the PP0 panels.  These panels are grouped into six rows, or “positions,” each with connectors for either 6 or 7 modules; the grouping corresponding to a half-stave for barrel modules or a sector for endcap disks. The OSPs have two sets of six positions, labeled “Top” and “Bottom”, providing connections for a total of 13 modules.  The ISPs have a single set of six positions. Although an OSP row could service a full stave of 13 modules, the symmetry of the detector requires that each half of every stave be serviced from opposite sides.  The central module, the 7th of 13, is grouped on alternate staves with either the A-side or the C-side modules. Traces at each position connect modules to opto-link cards (described in section 4.4); logic, clock and data signals are transferred over wires from PP0 to the modules, but at PP0 are converted to-or-from optical media.  Each group of 6 or 7 modules has its own opto-link card; these are located, 6-across: along the back (farthest from IP) top side of the OSP PP0 (“Top”), along the underside of the OSP (“Bottom”) – traces from modules running around a fold at the front of the PP0, and at the back top side of the ISP.


There are a total of 1861 36-pin ELCO connectors on all the PP0’s, providing for a number of spare positions that can be brought into play in the event of connectivity problems in the services chain. 


Electrical connections are made via twisted-pairs to pads adjacent to the ELCO connectors on the PP0s, and brought back ultimately to the PP1 area.  Each module is fed with pairs for analog power (VDDA – 20AWG Cu-clad Al wire), digital power (VDD – 22AWG Cu-clad Al wire), sense lines for both these (30AWG Cu-clad Al), HV biasing (36AWG solid Cu), and thermal sensing (36AWG solid Cu).  These pairs are attached on the underside of the PP0s (except for the HV lines that are strung across the top face), the roughly 1000 wires per assembly are protected by folding the PP0 over and capturing these wires between hard FR4 sheets (OSPs).  (The bottom layer of the ISP is a carbon-fiber sheet.)  Wires are run in three bundles along channels in the corrugated panel between PP0 and PP1a.


Penetration through the ¼-plate vapor barrier at PP1 is effected by a stack of printed-circuit cards.  The twisted pairs from PP0 are terminated at the inner end of these cards, the outer ends are connected to another set of twisted pairs (either 26AWG or 28AWG 7-strand Sn-plated Cu) bundled to LEMO 5F 64-pin connectors (a total of 31 LEMOs per octant) mounted at PP1b.  The parallel traces on the multi-layer PC cards are sized to match resistance requirements for each type of lead.  The stack from an OSP contains 6 PC cards dedicated to power leads (VDD, VDDA and respective sense lines), 3 dedicated to NTC thermal sensors and providing power and control of the opto-link cards, and 6 dedicated to high-voltage transmission.  These 15 PC cards are bonded together with VHB tape and epoxy, and surrounded by an Al flange designed to mate into a slot in the ¼ plate.  The total thickness of the stack of PC cards is no more than 8 mm.  A similar stack is used for each ISP, however because of fewer connections the stack contains only 8 PC cards.


The four PC-card stacks for an SQP (two octants) are mounted radially on the edges of the ¼-panel for that SQP.  However, the PP0 boards and corrugated panels between PP0 and PP1 are arrayed circumferentially around the beam pipe, necessitating a complex bending of the entire wire bundles for OSPs and ISPs.  The assemblies are manufactured in a single plane, the PC cards parallel to the corrugated panel and offset by about 10 cm, the wire bundles guided through two 90-degree bends on a template assembly board introducing the 10-cm dogleg.  Just prior to mounting on the SQP backbone, the wire bundles are bent out-of-plane through 105-degrees to conform to the required installation geometry.


Electrical continuity and resistance testing was performed on all wires at many stages of the assembly process, to check for manufacturing errors, wire breakage, or PC-board problems.  Failures were found in several areas, including trace breakages on PP0 and PP1a boards, solder bridges under the ELCO connectors, bad solder joints or broken wires in the highly-congested PP0 wiring, high-voltage breakdowns at points of sharp bends in the HV bundles, and broken wires in the potted LEMO connectors.  Repair strategies were developed for all these failures, and were successfully executed.  All units were 100% functional at the completion of the assembly process.  Considering the extreme complexity of the assemblies, the failure rate – typically one or two per octant – was incredibly low, attesting to the superb quality of the technical skills of the electrical and mechanical technicians creating these assemblies.

Gil:  I’d suggest two photos to complement this:  

1.  one showing PP0 end taken from front showing OSP, ISP, pipes, seeing bend in front of PP0’s, uncovered opto boards, and start of corrugated panels.  

2.  PP1 end, taken from direction of corrugated panel showing panels, wire bends, PC board stacks in ¼ panel, and LEMO connectors.

Suitable references can be inserted to the figures in the text.

Hope this isn’t too long, but it has been very difficult keeping it this short.  There’s just so much there!

