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1 Introduction

This document describes both the physical and logical connectivity of the Type 0 Module Electrical Services within the Pixel Detector volume.  The Table which defines this connectivity is included as an appendix to this document, and its format is described in this document.  Also included here is a brief outline detector and service panel layout.  The document will start with a survey of the internal components and routing of the services.  The table layout will then be discussed mapping elements of the table to physical objects in the prior sections.
All nomenclature used here is defined in Ref [1].  
2 Requirements

The connectivity of the Modules from Stave and Sector is evenly distributed in Phi.  For purposes of Scope and minimizing material in the event of a 2-hit system, all of the ‘3rd hit’ (layer and disks 2) were moved to the Inner Service Panel, which could then be staged with the assembly—meaning that the service material could also be staged with the number of hits.  The Inner Service Panel (ISP) was previously reserved for the Disks and B-Layer, but now these are mixed into the OSP in spots freed up from Layer 2.  The B-Layer bundles are always routed to the center of the PP0 panel—this is required for opto-pack envelope reasons—this is the only strong phi requirement.

There are a few strict requirements.  The strictest requirement is that a ‘7-module’ bundle must go to a PP0 which can accept 7 modules.  On the OSP, these are in the farthest position.  There are only 6 of each type of PP0 positions (6 versus 7) per octant on the Outer Service Pane—the ISP can accept 7-module bundles in all 6 positions. This places a requirement on the lengths of Type 0 cables for the staves on different layers—discussed later.  It was desired to minimize phi cross-over of type 0 bundles to ease routing internal to the Global Support Frame (GSF)—there is no room to re-arrange in phi anywhere within the Pixel Volume (PST). These requirements lead to a fairly straightforward routing of Type-0 bundles, radially outward from their positions in the GSF.

Auxiliary requirements will be discussed in sections below
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Figure 1 Service Quarter Panel (SQP) layout showing panel locations and names
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Figure 2 Service Quarter Panel showing layout of PP0 Flexes and their naming convention
2.1 PP0 Layout

PP0 is composed of an array of Service Quarter Panels (SQP) named after the pair of Octants they subtend on a given side—e.g. SQP-C12 contains both Inner and Outer Service Panels for octants 1 and 2 on side C.  On a given service panel, PP0 positions are numbered from the center of an SQP—from the service Backbone which holds the SQP together.  For reference during assembly, panels are called ‘left’ and ‘right’ defined as viewed from IP these panels are assembled and connected mirror symmetric about SQP Center.  See Figure 2 above for details on the layout. 
Each PP0 Flex has 7 connector positions, however, on the OSP there are 6 flexes installed in the reverse position (lighter color in the figure), placing its optocard connector on the ‘bottom’ of the OSP.  This is the origin of the T/B (Top/Bottom) designation of the flex.  All Flexes in a ‘T’ position can serve up to 7 modules; all ISP flexes are installed in the ‘T’ position.  The ‘B’ position flexes have only 6 module connectors installed.  Due to the ‘reversing’ of the Bottom-Flex, two flavors of PP0 Flex are required to maintain connector pin-out orientation this and other orientation consequences are discussed below.  
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Figure 3 PP0 Flex Flavors

2.1.1 PP0 Flex Design
The PP0 flexes have two flavors—PP0-A, and PP0-B shown in the figure above.  The primary difference is in the side of the module connector that the Power and Sense vias are located.  This defines the connector pin-out orientation as the power traces are so wide they cannot be re-routed on the flex.  This orientation does not affect the mapping of LVDS signals to the Optocard connector (located at 206mm).  The module connectors are arrayed on a 20mm pitch, and the PP0 flexes can be installed in both Top and Bottom positions maintaining both Module Connector position and Optocard Connector position on PP0.  The flexes were also designed so that the via locations would align regardless of installed position—making all PP0 panels mechanically identical.
The connector pin-out orientation required is defined by the Type 0 cable and its interface to the Module shown below in the next section..  Requirements on the production of cables make all of them identical electrically.  They differ only in length.  How they are terminated to the module determines the required orientation at PP0.  For all Staves, the modules are loaded with one spatial orientation on both sides of IP so that there are no ‘flavors’ of Module—all are identical.  There is no space for re-routing of connections (cables are pin-to-pin), the module orientation defines the connector orientation required at PP0.  On Side C, when PP0 flexes are loaded for a Stave, the connector vias are at a higher |Z|(absolute)  than the connector.   The same pin-out orientation is required on side A requiring the vias to be at lower |Z| (closer to IP). All Sectors however require the vias to be at lower |Z| absolute.  This devolves to the following rules:
	IF
	THEN

	Local Support
	Side
	Flex Position
	Flex Flavor

	Stave
	C
	T
	PP0-A

	Stave
	C
	B
	PP0-B

	Stave
	A
	T
	PP0-B

	Stave
	A
	B
	PP0-A

	Sector
	C
	T
	PP0-B

	Sector
	C
	B
	PP0-A

	Sector
	A
	T
	PP0-B

	Sector
	A
	B
	PP0-A


Table 1  Rules for the placement of PP0 Flex flavor

The Rules in Table 1 have been applied to all positions and are illustrated on sheet 5 of Appendix A ‘Flavor Map’ showing which flavor is loaded in each position on the service panel structures.

It has been verified that the physical orientation of the actual connector (in addition to pin-out from flex flavor) allows mating of the Type 0 connector regardless of side i.e. the 36pin module connector is not keyed—note that this mapping is not a ‘rotation’ about IP, and thus there is no requirement specific to loading of connectors onto flexes based on which side they will be installed (regardless of flex flavor). 

The connector naming convention for PP0 is logical—it follows the connection schematic of the PP0 flexes themselves.  To maintain correct mapping from each module connector to the Optocard—simplifying later Module to Fiber Mapping in ATL-IP-ES-0102, the module [image: image1.wmf]connectors are numbered 1-7 starting with the connector farthest from the Opto-connector.  The mapping for PP0-A and PP0-B are the same—connector 1 maps to the same pins on the Opto-connector, making for the same fiber mapping on the Optocard.  However, on the OSP, there are two flexes in one row.  They are distinguished by ‘Top’ and ‘Bottom’ designations, so this will be carried to the PP0 connector naming.  Connectors 1-7 on the PP0 Flex installed in the Top position will be preceded by ‘Tp’ ie Tp-1 through Tp-7, similarly connectors on the Bottom flex are Bm-1 through Bm-7.  The connector numbers increase in opposite directions—recall that the Bottom flex is installed in a reversed orientation.  This means that Tp-1 and Bm-1 are next to each other near the middle of the Panel.  The flexes will be labeled, but only with a number (CN_1-7) next to the connector.  The Tp and Bm designations must be interpreted during installation based on installed position—NOTE: Bm-7 is never loaded.

2.1.2 PP0 Connector Pinouts

The Pinouts for PP0 are defined by the pinout of the module Pigtail on the Barrel Modules.  As mentioned above, the connector naming is logical—CN_1-7 with CN_1 farthest from the Opto connector.  The ELCO connector has no pin numbers, and no keying.  The Pin Numbers are designated by the PP0 schematic and have cardinals (Pin 1 and 19) printed next to the pads of each connector.  The pin map used to fabricate the type 0 cables is correlated with the pin numbers of PP0 in the figure and table below.  A similar map and table are presented with further detail in the first sheet of the appendix Excel spreadsheet.  That table also shows the Pad mapping of soldered power and HV wires used to fabricate the service panel.
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Figure 4 Pin Map and Pin Out of PP0 Module Connectors
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Figure 5  PP0-A/B Pin and via maps--note reversal of PP0-B to maintain pin map orientation
As can be seen in Figure 5, the orientation of the module connector relative to the Opto Board connector is reversed to allow the orientation of all module connectors to be maintained when an A and B flavor PP0 are installed end to end.  See also how the mapping of lettered vias A-D/a-d are maintained as well—this facilitates manufacture/assembly of the service panel during attachment/soldering of the power/sense wires. There is one important distinction that can be seen by also looking at Figure 6—holes aABb are VDDA, and holes cCDd are VDD, but where hole ‘d’ is Return Sense for VDDA, hole ‘b’ is Return Sense for VDD.  Pads A and C are the respective supplies and B and D are the respective returns for their voltages.  A detailed map of this correlation and the above figures are included in the appendix.  A mapping of CK, DCI, DTO, and DTO2 to the optical fibers is covered in ATL-IP-ES-0102.  Schematics, design files and Gerbers for PP0 will be available in EDMS.
2.2 Local Support Layout
The Module to PP0 connectivity table includes calculated lengths for each type 0 cable which are unique to each position.  This length is a design check. Type 0 cable production lengths have been grouped to minimize tooling requirements, and are not taken from this table.  For reference, a discussion of the routing is given as it pertains to the length calculation, but also to describe how the splitting in phi was determined.
The Detector Layout is defined in ATL-IP-EP-0004; figures here are taken from these documents, which have been released and approved.  Should they change, this document should be revised to reflect the changes.  Document versions will be included here for reference.
2.2.1 Barrel Layout

The Barrel Layout drawing, ATL-IP-EP-0015(Figure 7) is referenced to define Bi-Stave 01 on each layer.  A Bi-Stave is defined by its cooling circuit, group and position on the shell.  Bi-Stave 01 on each shell is defined as the one closest to the split line between Octants 1 and 8.  The split lines, octants, and Bi-Stave 01 of each shell are shown in Figure 7.   It is defined in REF [1], ATL-IP-ES-0007, that Stave 1 (S1) of any Bi-Stave on side C is serviced by a 7-Module Bundle.  The naming convention for all staves is also available in REF [1].
Phi splitting of type 0 bundles followed first an inventory, and then an attempt to minimize phi-routing around the shell support fingers (octant splits).  Layers 0 and 2 (layer 0 is also called the B-layer) were treated together, and Layer 1 was routed independently.  L0&2 are routed to the OSP, along with two Sectors.  There are 6 top (7-module) and 6 bottom (6-module) PP0 flexes available per octant, and for purposes discussed later in the Disk Layout, the two sectors take one of each, allowing 5 six and 5 seven module bundle positions for Layers 2 and 0 per octant.  There are either 3 or 2 L0 bundles per octant, and these were routed to the middle positions of PP0 leaving the remaining slots available for L2.  These were routed attempting to avoid excessive phi routing at the octant boundaries.  The Sector bundles were routed to whichever flex positions remained. L2 routing to the ISP was extremely straightforward—6 slots, one for a Sector, all can handle either 6 or 7 module bundles--again, routing minimized phi routing at octant splits.
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Figure 7 Barrel Layout Drawing ATL-IP-EP-0015 Rev3
2.2.2 Disk Layout

The disk Layout is shown below in Figure 8.  There are 8 sectors; one per octant on a disk, the table on the drawing shows the positions of the three disks per side.  For a two hit system, disks 2A and 2C are not installed, these disk’s services are routed to the Inner Service Panel.  Each Sector is identical, in both layout and cable length, they are fully interchangeable.  The disks are interchangeable as well; however, the naming convention is not.  On side C, Sector 01 is in octant 1, and is shown above the datum ‘Clock –REF-’ in the drawing.  The disks on side A are rotated about the Y axis, however Sector 01 on side A is still in Octant 1, therefore the Disk Naming convention is not applicable to a standalone disk, it is dependant upon the side in which the disk is installed.
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Figure 8 Disk Layout Drawing Showing Clock Refs--Beginning of Octant 1 side C
2.2.3 PP0 Connector Layout

The layout of connectors on PP0 is controlled to the mm level.  Their nominal positions are shown in the figure below, and are listed in the connectivity table—the cells are nominally hidden.  They will change slightly during the installation procedure due to the kinematics of the pixel package and trolley system—this change is necessary to allow for thermal expansion and contraction of the major components of the package.  The Global Support frame is not structurally tied to the Beam Pipe and Service Support (BPSS) to maximize stability of the GSF.  Cable lengths are calculated based on the nominal values and ~15mm excess is available in all positions.  The cables, as mentioned before are produced in sets which are not strictly derived from the calculated distance, but are always long by some margin.
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Figure 9 PP0 Connector Positions from IP showing also split between Top and Bottom numbering
2.3 Cable Lengths

Using dimensions from the above layouts it is possible to determine the lengths from connector to the boundary of the local support.  On every local support there is additional routed length to either accommodate length (stave) or significant Phi Routing (sector).  These values were extracted from drawings and models of the local supports.  Drawings used to gauge these distances are shown below and added to the length calculation for every local support.  In addition to these values, an estimate of the phi routing distance, from nominal local support position to the phi position of the PP0 flex was taken into account.  These component values are well identified in the tables.
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Figure 10  Module Connector Positions Along Stave

The Modules along the stave all have the same orientation as discussed above.  The pigtail connector is offset in the positive Z direction from each module center as shown in the detail of the center module.  Each Stave Type 0 cable must go to Z of 440 before proceeding to the gap in the frame at larger radius.  There is a small amount of back-tracking in Z back along the Barrel Support Cone, to reach the Gap. The radial distance they travel is defined with the Start-Radius of the shell (Figure 7) and End-Radius of the PP0 destination connector (Figure 9).  Some estimate of the Phi difference between Stave and PP0 Flex is also included.
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Figure 11  Sector Cable Routing--all cables from both sides are routed to sector center after passing over the ring
On the Sector, module positions on the back side are mirror symmetric with the front locations about module center.  The module center (here the center mounting button) is on center with the GSP panel, and PP0 panels.  The values shown in Figure 11 show the phi routing and with Figure 8 show the radial routing as well.  As with the staves, the additional cable length comes from the difference between start and end points in R, phi, and Z of the Sector center and given array of PP0 connectors.  As with the naming convention of the sectors (side A versus C), the module naming on the sector which includes the concatenated Disk/Sector designator depends on installed location.  Modules 1-3 are on the side toward IP, and 4-6 are opposite—however, because all sectors are identical, module numbering in the ‘increasing octant order’ which is clockwise when viewed from side C is ‘broken’ for opposite faces of a sector—all modules are numbered left to right when looking at the face of a sector. Each Disk and each Disk face separately will be documented with as-loaded module and sector numbers from the Pixel Production Database.  These figures will be included in the appendix of this document as figures in a sheet of the excel file.  These will be updated after disk production is complete. The modules connect at PP0 in an order which minimizes overall length, which also in fact makes them all nearly constant—within 50mm.  

There is another interesting geometrical coincidence.  Disk 1 and 3 are almost exactly the same distance apart as the Top and Bottom mounted PP0 flexes on the OSP.  This means that if Disk 1 is always installed in the ‘bottom’ position and Disk 3 in the ‘Top’ that they can both be constructed with identical cable lengths.  This was done, and it was taken that Disk 2 will use the same lengths.  This implies some small need for cable management, and this is foreseen in the space between disks.
3 Connectivity
As stated earlier, there is no room for phi re-ordering within the detector.  This layout and connectivity is closely tied to the layout of the detector, and because there is no opportunity for re-distribution between module, and essentially PP1, as well as PP1-PP2, this first connectivity map defines the geometric distribution of services all the way out to PP2.  It is important that this table is well verified as it drives the layout requirements all the way to PP2.
The Table is included in total as an appended file—ATL-IP-ES-0092_Appendix-A_v4.xls.  The physical layout will be described here, but the details should be sought in the appended file.  What is being mapped has already been described, so the correspondence between these items and the table will be described, starting at the Module and working out.

The routing information mentioned above is embedded in the table, but generally hidden.  Module locations in Z are shown next to the module, but additional routing is included in these hidden cells.  The PP0 Connector Z-position values are above the PP0 connector positions hidden in Rows 2 and 3.  The additional Phi routing on the sector is included in these same rows above the Module locators.  Columns S&T on side A include values of the radius of the module connection, and an allotment of additional phi routing (difference in phi between PP0 flex and local support).  On side C, these columns are AM&AN.  The radius of the PP0 connectors is common for all connectors on either the OSP or ISP and is built directly into the length calculation on each sheet.
3.1 Module Locator in Connectivity table
The module naming convention is defined in Ref [1] ATL-IP-ES-0007.  On the Stave, Module-0 is always in the Center.  To either side of Center, starting at Module-0, the modules are numbered M1-6, with a side Designation e.g. M1A or M1C.  These designations are used in the tables.  Similarly, the Sector Modules are also enumerated, subject to the considerations mentioned in the cable routing section above.  In the Table, next to every module, is the module’s connection position in Z.
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Figure 12  Module Locator section of Table--PP0 Sections Hidden

The Module locator section of the table is in the center.  Figure 12 is a section of the OSP table showing Octants 7 and 8 with all PP0 information hidden.  To either side of the module designator is the name of the local support upon which the modules reside.  The X in M0 column occurs for the Sectors, which have no module 0.  The Green-shaded cells represent Type 0 bundles which service 7-modules.  Note that Disk 3 on either side always goes to a PP0 position which can serve 7 modules (i.e. ‘Top’ on the OSP).  The values in the table under module locator are the z position of the module connection—the disk connection has extra routing, accommodated with hidden cell information above this table.  Rows with no Local Support Designator (thus no module z coordinates) represent ‘Spare’ PP0 Flex positions.
3.2 PP0 Connector Map
The PP0 sections of the Tables appear to either side of the module designation.  Side A is on the left and Side C is on the right.  There is a one to one mapping of local support to PP0 Flex position, making this table very straightforward.  Each Row defines a unique connection chain and naming convention.
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Figure 13  PP0 Connection Designations--Module Locations Hidden
At the far extents of the table, just inside of the Side and Octant designation (SQP), the position-name of each PP0 flex is given.  Just inside of that is the name of the Type-0 Bundle.  The Bundle Name follows the format defined in Ref [1], and includes the name of the local support serviced, with 6 or 7 appended based on the number of modules serviced.  Empty PP0 positions (names) are indicated in RED.  

The names of the PP0 connectors appear on top of their positions for each flex.  For PP0 flexes in the Top position (-T) the Tp connector name applies, for –B, the Bm name applies.  Note: Bm-7 is always empty.
The minimalist form of this table would only require showing PP0 Flex Designator, and Bundle Name columns.  The rest of the information is nearly identical, and by the time connections are made, the lengths of the Type 0 cables themselves disallow plugging into the wrong connector position (still using table to determine correct PP0 flex).
4 Spares

Empty PP0 flexes are indicated in the table with Red text, and the type of local support that can be serviced by this position.  As mentioned in the previous sections on layout, several constraints, including flex flavour affect which local support can be serviced.  Only those flexes loaded in the center positions can serve B-Layer staves, and only if a B-Layer Optocard is loaded on that flex.  In the spare ‘B-Layer Capable’ positions, only the ‘Tp’ flex’s optocards may be switched at the last moment between B-Layer and/or L12-D flavour optocards—making these spares multi-valued.  All spare ‘Bm’ optocards and ISP optocards must be loaded during the assembly of the service quarter panel structure, and at that time the type of optocard loaded must be decided.  They are otherwise inaccessible.  A map of the spares available, and an assignment of what local supports they can serve is shown in Appendix A, sheet 4, ‘Spares Map.’
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6 Appendices
6.1 EXCEL File ATL-IP-ES-0092_AppendixA v4
File includes 5 sheets:
PP0 Connector Pinout

Outer Service Panel--Side A-Modules-Side C
Inner Service Panel—Side A-Modules-Side C
PP0 Spare Map

PP0 Flavor Map
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