Absorber/RPC unit design and construction
1.  Overview

There are 12 RPC/Readout board Assemblies (RRA) in each module.  These, in turn, are separated by eleven 4” particle-board absorber planes and bounded by two 3” absorber planes at the ends.  An RRA is composed of six RPCs, three adjacent in two layers, sandwiched between sheets of particle board outfitted with readout strips and ground planes.  Another 1” particle board is attached to the outside of each of the two readout boards to protect the flexible circuit cables overlying the ground planes.  The layout and assembly of these structures is described below. 
2. Components

The major components of an RRA are: RPC chambers, a horizontal readout board, a vertical readout board and two absorber panels.  Note that the readout boards are composed of absorber panels with strips of copper on one side and a copper ground sheet on the other side.

2.1 Readout boards

The readout boards are made of particle board absorber material with dimensions 243 cm x 853 cm x 2.54 cm.  A horizontal readout board has copper strips along the 853 cm direction on one side and a copper sheet (ground plane) on the opposite side.  A vertical readout board has copper strips along the 243 cm direction and a copper sheet on the opposite side.  Flexible circuitry is used to route signals from the readout strips to a compact edge connector, as described elsewhere in this chapter.

There are a couple of other differences between the vertical and horizontal readout boards.  The horizontal readout boards support the RPCs with a built-in ledge along the bottom of the board.  Also, gas tubing and high voltage wires are routed through or behind the top of the horizontal board.  In the assembly process, RPCs are stacked on the horizontal boards and later covered with vertical readout boards.
The copper-strip side of a readout board is coated with a thin layer (0.5 mm) of plastic sheet to insulate the readout strips from the HV side of the RPCs, to protect the copper strips during the assembly process when RPCs slide over the strips and to facilitate the sliding process. 

2.2 Absorber boards

The absorber boards are made of particle board with similar dimensions to readout boards, except that the absorber board attached to the horizontal readout board is 1.27 cm shorter (241.7 cm).  The bottoms of the readout and absorber boards overlap exactly, but the top of the absorber board is 1.27 cm shorter than the readout board.  This forms a slight depression that is used to route gas tubing and high voltage wires to the RPCs.
The absorber boards are connected to readout boards with screws that penetrate about halfway into the readout boards through the ground plane.  Care will be taken to avoid using screws in areas where flexible cable is used.
2.3 Resistive Plate Chambers (RPCs)
RPCs are produced with a rectangular shape, 284 x 243 cm^2.  However, a small amount of glass on each corner is cut away, with the resulting discards in the shape of isosceles triangles, X cm on shorter sides.  The cut out corners are replaced with an injection-molded triangular shaped form that acts as a gas manifold and has holes for positioning pins or through-bolts.  RPCs are delivered with a thin sheet of plastic (0.5mm) cover on both sides to insulate the HV planes and to facilitate in assembly, when RPCs slide over the readout strip boards.  With the exception of the injected-molded triangular gas manifolds and HV connections, RPCs are described in greater detail elsewhere in this chapter.
The outside faces of RPCs are coated with a conductive layer of India ink.  Two insulated wire stubs are attached, one to each side.  The wire is rated to withstand 20 kV.  After installation on the readout board, the wires are spliced to a longer harness of 20 kV wires and routed to the outside of the RRA, where a solder connection to the high voltage C-W supply is made.
The injection-molded triangular gas manifolds are installed at the time when RPCs are assembled.   Gas connections are made by gluing flexible tubing onto an injection-molded pipe stub.  The glue will be a 5-minute epoxy.  The gas manifolds also have holes for through-bolts and alignment/retention pins. 

3.  RRA Assembly

The RRA assembly process starts with the following components already made:

· Vertical readout boards

· Horizontal readout boards

· RPCs

· Gas tubing harness

· High voltage harness

3.1 Horizontal readout board units

To assemble a horizontal readout board unit (HRU), a horizontal readout board is first attached to an absorber board with screws, noting that the absorber is 1.27 cm shorter on the top side and 2.54 cm longer on the “outside” to protect the front-end electronic connections.  Then a series of ledges is attached to the lower portion of the absorber board, with the requirement that the attachment is flush with the backside of the absorber (counter-bored surface). The ledge supports the readout board and the eventual RPC layers and vertical readout board unit.  Finally, a set through-holes and  alignment holes is drilled into the strip-side for eventual insertion of pins to align the RPCs via the injection-molded manifolds.
The HV and gas harnesses are attached to the HRU and, where appropriate, are routed through the RHU to the inside surface for attachment to RPCs.

3.2 Vertical readout boards

To assemble a vertical readout board unit (VRU), a vertical readout board is first attached to an absorber board with screws, noting that the absorber is 2.54 cm longer on the “outside” to protect the front-end electronic connections.  Care must be taken to avoid screwing through any flexible electrical circuitry.

3.3 RPC Layers on HRU

The next step in the assembly process is to attach RPCs to the HRUs.  To facilitate this process, a moveable table, equipped with height and tilt adjustment, is placed next to and at equal height with the supply of RPCs.  One at a time, the RPCs are slid onto the HRU and placed in proper position, with the bottom of the RPC in contact with the support ledge and the alignment holes in agreement.  Temporary alignment pins are placed in the holes, gas connections between adjacent RPCs are made to flow the gas serially and high voltage wires are spliced to the harness.  Conductivity is verified and gas connections are checked against leaks.
The table is lowered to facilitate sliding of the next layer of RPCs in a similar fashion.  Temporary alignment pins are replaced with the longer, permanent pins.  Gas and HV connections are made and tested.  Note that the gas connections, although serial in one plane, are totally independent between layers.  

Next, the VRU is lowered onto the RPC-HRU assembly on the table.  The VRU is supported on the bottom with the HRU ledges.  It is tied to the HRU via through-bolts.

The RRA assembly is ready to be rotated 09 degrees to a vertical orientation for insertion into the pre-formed absorber module.  After it is inserted into the module, C-W supplies are mounted to absorber planes and the HV harness is soldered to the supplies.  Readout fron end chips may be attached at this point, although it may be more convenient to attach them before insertion into the module.  Gas connections to the supply & vent manifolds are made after the RRA is in the module.
