5. R&D

5.1 Key Decisions

There are two remaining key technological decisions that we must make before construction. These are

· Technology for pilot digital chip used to readout the ALICE1 readout chips in parallel and zero-suppress the data. The existing ALICE digital pilot could not be used since it is too slow to meet PHENIX’s timing requirements. The two options both modify the existing ALICE pilot 

· rad-hard FPGA 

· custom ASIC 

The ASIC option is considerably more expensive where the costs is dominated by the ASIC masks. This option will be less flexible in terms of zero-suppression algorithms. On the other hand the ASIC option will likely to be more rad-hard. The first round design of the FPGA option is completed and is currently being tested. We plan to make a decision between these two options after the first round of FPGA prototype Feb 2004, before too much money is spent on ASIC masks and prototype cycles 

· Strip sensor and readout chip technology for the outer three barrel layers. The two options are

· serpentine strips from BNL instrumentation readout via the SVX4 chip from FNAL.

· mini-strips +PHX chip from FNAL

The serpentine strips is more advanced in its development and the strips have been tested and perform well with non-SVX4 electronics(see Section 4.1). The next major milestone is the system test serpentine strips + SVX4 to completed before the end of 2003. The main question is to establish the level of the signal/background noise. The PHX chip + mini-strip sensors is the planned technology for the endcaps. This technology would also work for the outer barrel layers. The advantages are a reduced occupancy since the sensors are more finely segmented and a reduced heat-load hence potentially thinner support.

The decision point between serpentine or mini-strip option is April 2004 after the first PHX design is completed and the pros/cons of the different occupancies have been evaluated. The decision needs to be this early so that we can either continue the effort on the serpentine+SVX4 or redirect resources and manpower solely to the mini-strip+PHX option. The reference plan below is for serpentine+SVX4; if this option is chosen, then the PHX development will continue for its planned use in the endcaps. 
5.2 Research towards Final Designs
For many parts of the VTX, the technology choices have been made, and we are prototyping the designs. In the WBS schedule included in Appendix X, the schedules, costs of these design and prototype cycles are given in detail. These R&D topics are summarized for completeness below

5.2.1 Inner Pixel layer 

· Pixel Bus, multiple layers, fine lines on Kapton

· Uses ALICE bus as starting point

· Draws on rapid advances in signal interconnect technology

· RIKEN responsibility, RIKEN manpower

· Two rounds of design, prototyping completed by Sep 2004

· Pilot Module Card

· Uses ALICE pilot card as starting point, containing existing ALICE analog PILOT and optical chips, and either the new FPGA or ASIC digital pilots.

· RIKEN Responsibility, RIKEN, ISU manpower

· Pixel FEM

· Two rounds of prototyping complete by Jun 2005

·  DOE responsibility, SUNY-SB manpower

· System Tests

· 1st round (Sensor+ROC) + Pilot completed by March 2004

· final (Sensor+ROC) + Pilot + Bus completed by April 2005

· RIKEN responsibility, RIKEN manpower

· Ladder cooling, support

· Simultaneous design work with outer layer ladders, ramp-up R&D in Sep 2004

· Prototype ready by March 2005

· DOE responsibility, LANL/HYTEC manpower

5.2.2 Outer Strip Layers
· On ladder readout card for SVX4 

· Three prototype cycles completed by July 2005

· RIKEN Responsibility, RIKEN, ORNL manpower

· Serpentine strip sensor

· Two prototype cycles completed by Jan 2005

· RIKEN Responsibility, RIKEN manpower

· Bus

· Two prototype cycles completed by Aug 2005

· RIKEN Responsibility, RIKEN, ORNL manpower

· Strip FEM

· Two rounds of prototyping complete by July 2005

· DOE responsibility, SUNY-SB manpower

· System Tests

· Three rounds (Sensor+ROC) completed by May 2005 

· RIKEN responsibility, RIKEN manpower

· Ladder cooling, support

· Simultaneous design work with inner layer ladders, ramp-up R&D in Sep 2004

· Prototype ready by March 2005

· DOE responsibility, LANL/HYTEC manpower

5.3 R&D Milestones

In the WBS schedule included in Appendix X, the schedules, costs of these design and prototype cycles are given in detail which leads to the following milestones.

Inner Layer

· Pixel bus prototype completed by Sep 2004

· Pixel pilot prototype completed by Feb 2005

· Pixel system test completed by April 2005

· Pixel mechanical ladder prototype completed by April 2005

· Pixel FEM prototype completed by June 2005

Outer Layers

· 1st system test serpentine strips + SVX4 completed by Nov 2003

· Decision point between serpentine or mini-strip option is April 2004

· On-ladder readout card for SVX4 prototype completed by July 2005

· Serpentine strip sensor prototype cycle completed by Jan 2005

· Strip FEM prototyping complete by July 2005

· Strip mechanical ladder prototype completed by April 2005

For FY04 RIKEN and DOE are funding different tasks. The RIKEN contribution can be found in the WBS in appendix xxx. The following is a table of FY04 DOE R&D costs for the barrel detector as well as funds for the development of the PHX chip for the endcap and potential technology.. 

	WBS
	Name
	Costs
	Costs Sub-tasks

	5.11.1.1.5
	Strip FEM
	$179,500
	

	5.11.1.1.5.1
	    E&D of Strip FEM
	
	$127,500

	5.11.1.1.5.2
	    PROTOTYPE of Strip FEM
	
	$52,000

	5.11.1.2.6
	Pixel Pilot 
	$116,500
	

	5.11.1.2.6.1
	    E&D of Pixel Digital Pilot (FPGA Option)
	$72,000

	5.11.1.2.6.2
	    PROTOTYPE of Pixel Digital Pilot
	
	$44,500

	5.11.3.2.1
	Support Structure
	$240,000
	

	
	   Mechanical Specifications
	
	$90,000

	5.11.3.2.1.1
	   1st Round Design+Prototype
	
	$150,000

	
	PHX 
	$380,000
	

	
	    Design
	
	$275,000

	
	    Prototype+test
	
	$115,000

	
	
	
	

	
	Total
	$915,000
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