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FVTX Cost and Schedule

Brief Outline:
• Schedule
• Cost
• People
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Introductory Remarks

Cost and Schedule are broken into 2 pieces:

• R+D: 
•Covered partially by LANL-funded LDRD project and partially by 
expected BNL and non-LDRD-LANL funds
•LDRD funds starting now, BNL expected soon

• Construction: 
•Baseline start time = Oct 2007 (FY08)
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Schedule Basis

•Quotes from vendors for chip and silicon deliveries

•BTeV, Atlas Experience with Bump-bonding

•Assembly and Testing based on units*conservative estimate per unit

•Most all items are performed serially.  Could optimize somewhat if 
need be by taking advantage of partial deliveries and parallel efforts, 
multiple lines for a given item.
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Schedule in a Nutshell
Start Construction = October 2007
R+D:
Design and Prototype PHX now Dec 07
Design and Prototype Silicon now Nov 07
Design, Prototype+ DAQ Interface now May 07

Construction:
Chip Production and Test Dec 07 – Sep 08
Silicon Production Jan 08 – Oct 08
Bump chips and silicon Sep 08 – Jul 09
Ladder Assembly Jul 09 – Jun 10
Ladders Installed into Support Jan 10 – Jul 10
Install Ladders in Support into Enclosure May 10 – Aug10
Install in Magnet Aug 10 – Sep10

DAQ Interface Production Oct 07 - Apr 08
LV, HV, Slow Controls, Calibration constr – Oct 09
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Schedule
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Schedule
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Cost Basis for Major Items

Mechanical structures – HYTEC estimate based on prior experience

Sensors – Quotes from ON Semiconductor and CIS, Nov 2005

PHX – FNAL estimate based on prior experience

Electronics Interface – estimate based on prior experience with Muon
System

Bump Bonding – BTeV experience with pixel chip 

DCM,slow controls, etc – Muon system experience 
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Cost Contingency – Net = 27%
Risk 
Factor Technical Cost Schedule Design

0 Not used Not used Not used Detail design 
> 50% done

1 Existing design and 
off-the-shelf H/W

Off-the-shelf or catalog item Not used Not used

2 Minor modifications to an existing 
design

Vendor quote from established 
drawings

No schedule impact on any 
other item

Not used

3 Extensive modifications to an 
existing design

Vendor quote with some design 
sketches

Not used Not used

4 New design; 
nothing exotic

In-house estimate based on previous 
similar experience

Delays completion of non-
critical subsystem item

Preliminary design >50% 
done; some analysis done

6 New design; different from 
established designs or existing 
technology

In-house estimate for item with 
minimal experience but related to 
existing capabilities

Not used Not used

8 New design; requires some R&D 
but does not advance the 
state-of-the-art

In-house estimate for item with 
minimal experience and minimal in-
house capability

Delays completion of critical 
path subsystem item

Conceptual design phase; 
some drawings; many 
sketches

10 New design of new technology; 
advances state-of-the-art

Top-down estimate from analogous 
programs

Not used Not used

15 New design; well beyond current 
state-of-the-art

Engineering judgment Not used Concept only
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Costs – R+D

LANL LDRD-DR - $310k
• $1.2M/year for 3 years (FTE’s and M&S)

• Interface Module - $200k

• Mechanics - $50k

• HDI and flex cables $60k

LANL Heavy Ion Program - $50k
• Sensor design - $50k

BNL R&D funds - $495k
• PHX design and Prototype  - $440k

• Mechanics  - $55k
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Costs – Total

Forward Endcap Cost Estimate - FVTX Tech Cost ScheduleDesign Weight total Cost with
2 endcaps R&D BNL(k$) R&D LANL(k$)Construction(k$) comments Risk Risk Risk Risk contin Contingen

Mechanical ladder and support structure 55 50 224 HYTEC Estimate 4 4 4 4 2 0.24 277.76
Assembly jigs 20 engineering estimate 4 4 4 4 1 0.16 23.2
Silicon Sensor 50    
      purchase 388 CIS and ON quotes, 10% spare, 60% yi 8 2 8 4 2 0.32 512.16
      setup and masks 12 CIS and ON quotes 4 2 4 0 1 0.1 13.2
      dicing 20 $ 100 wafer 4 8 8 0 1 0.2 24
      sensor Q/A and testing 50 University students + engineer 4 4 4 0 1 0.12 56
PHX chip, tested 440   
      engineering run 348 FNAL estimate 8 4 4 0 2 0.28 445.44
      testing 60 FNAL tech 4 4 8 0 1 0.16 69.6
bump bond chip to sensor 423 Btev experience, $75/chip 8 4 8 0 2 0.32 558.36
Inteface - phx to DCM, CHI+MB concept 200 300 $500 for 400 units,arcnet $40k,engineeri 8 6 4 15 2 0.47 441
DCM,fibers,TFC fanout,.. 150 existing designs 4 4 4 0 1 0.12 168
slow controls 50 existing designs 4 4 4 0 1 0.12 56
calibration system 20 4 4 4 0 1 0.12 22.4
Assembly and test ladders 200 FNAL techs 4 6 4 0 2 0.24 248
Assemble ladders in frame 100 techs and students 6 6 4 0 1 0.16 116
Electronics Integration 250 Engineer 4 6 4 0 2 0.24 310
Mechanical Integration 250 Engineer 4 6 4 0 2 0.24 310
power supplies, distr. Cards ,cables 100 VTX designs 4 4 2 4 1 0.14 114
bus  20 50 32 flex cables, includes 4 spares 8 6 4 15 2 0.47 73.5
flex cables, sensor to bus  20 160 672 flex cables, $200 each, 20% spares 8 6 4 15 2 0.47 235.2
fibercables, bus to enclosure  20 50 32 -12channel units 8 6 4 15 2 0.47 73.5
Misc cables, etc 150 enclosure to racks, fibers, etc 4 8 4 4 1 0.2 180
lab equipment 100 probe, test equipment 4 4 4 0 1 0.12 112
Management 100 2 4 2 0 1 0.08 108

total 495 360 3575 4547.32

BNL overhead 18%
LANL overhead 36%   
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Funding Profile
Funding Profile
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Management Structure
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People – Committed Institutions

Los Alamos National Laboratory
LANL coordinate work to procure the silicon sensors, work with FNAL on the development of the PHX chip, with Columbia on 
development of the interface to PHENIX DAQ, and on the simulation effort with NMSU.   Los Alamos is currently leading the 
mechanical engineering and the integration effort for the barrel detector, VTX, and will continue those efforts for the FVTX. 

Brookhaven National Laboratory BNL (Chemistry) will lead the mechanical integration effort, BNL
(CAD) expected to contribute to simulations and analysis.

Columbia University
Columbia University is an acknowledged expert on the PHENIX DAQ system  They will work on the interface between the 
PHX chip and the PHENIX DAQ.

Iowa State University
Iowa State University is currently working on management details with the barrel detector and working on an (funded) SBIR 
effort for the level one trigger capabilities of the FVTX.

Charles University, Czech Technical University, Institute of Physics, 
Academy of Sciences,  Prague
The Czech groups have been active in the development, testing, assembly, and commissioning of the ATLAS pixel sensors.   
They will do the same for the FVTX effort and additionally participate in software development.

New Mexico State University
NMSU will work on comprehensive simulations for the FVTX effort and work on the sensor testing.

University of New Mexico
UNM has experience in testing, Q/A and a laboratory for characterization of sensors.  They are currently working on the 
barrel strip sensors and will do the same for the FVTX effort.  They may also work on the flex cables.
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People – Interested Parties

Ecole Polytechnique, Saclay Ecole Polytech has contributed to the electronics and
software for the muon system has expressed interest in doing the same for the FVTX.  Saclay will work on 
software.

Florida State University
FSU has worked on triggering issues for the VTX and FVTX effort.

Korea University
Korea University has been involved in many aspects of the hardware and software for the Muon system and 
will do the same for the FVTX.

Yonsei University, Seoul, Korea
The Yonsei group has worked on electronics and software for the muon system and will do the same for the 
FVTX.
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Summary on Progress

• A number of serious institutional commitments:  LANL, Columbia, 
UNM, NMSU, Czech institutions

•Much lab progress over the last few months:

•LANL-funded LDRD pushing chip, silicon detector, and DAQ 
interface work forward

•FSSR with silicon and FPIX chips set up and being exercised 
at LANL

•FPGA code development to further exercise chips and silicon 
at LANL

•Columbia FPIX readout options

•SOW with Fermilab in progress to start design of PHX chip
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Summary on Cost and Schedule

• No exotic or state-of-the-art R&D necessary

• LANL LDRD funds very important with BNL R&D funds

• Will design bus and flex cables with conventional line width

• Bump bonding within existing industry standards 

• Management Plan is taking shape

• Cost Basis is maturing

• Construction Schedule points to FY 2011 as data run


