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Å Introduction and overall strategic direction 

Á Fermilab core capabilities

Á KA12 resources 

Å Scientific leadership provided by KA12 in: 
Á Silicon Sensors

Á Pixilated Photon Detectors 

Á Calorimetry

Å Three year plan   
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KA12 

Å Our KA12 budget presentations have two 

components 

Á Existing support for the scientific leadership in the 

development of e+e- detector concepts and new 

detector technologies

Á Request for additional support in future years, mainly in 

the area of simulation, for the development of a physics 

and detector program for the Muon Collider 
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Current KA12 

Å Our KA12 budget has supported the scientific 

leadership in the development of new lepton 

collider detector technologies

Á This was done in the framework of the ILC 

Å Our FY10 budget in this category is $756k 

(mainly SWF)

Å Description of current activities 
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Strategy  

Å Key word is: ñTo Enableò 

Å Emphasis is placed on innovation

Á scaling of current technologies is not a viable option 

Å Goals:

Á Develop novel detector technologies; emphasis on 

ñtransformationalò technologies, i.e. ñhigh-riskò and ñhigh-payoffò 

Á Improve performance of existing technologies by factor of 

~ (log) 10

Ñ Mass budget, radiation hardness, resolution, cost

Á Invest in technologies with broad range of applicability

Á Maximize synergy and coordination among projects 

Á Transfer technology to system design
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Core Capabilities 

Å End-to-End Mechanical Engineering 
Á Mechanical structures, cryogenics, FEA

Å End-to-End Electrical Engineering 
Á Front-End ASIC

Á High speed DAQ  

Å Assembly Facilities 
Á Silicon Detector Center

Á Scintillator extrusion 

Á Thin film deposition

Á Chamber stringing

Á CNC routing

Á Metrology

Å Test Facilities 
Á Test Beam at Mtest

Á LAr cryogenics  
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Identification of R&D Areas  

Å Which R&D areas to focus on? 

Å Identified those areas that are experimental science drivers, 

which would benefit most from innovative ideas that match 

our core strengths 

Á Completely driven by scientists supported by KA12 

Å Higgs and Flavor Physics at LHC, b-factories 

Á Vertex and Tracking detectors 

Á Critical science enablers, issues with mass, power, dead 
zones, dead time, occupancy, precision, é

Å Jet Energy Resolution and Scale 

Á Limits nearly any measurement involving jets 

Å Scientific Opportunities at new facilities, concept detectors

Á e+e-, m+m- detector concepts 
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Activities in Detector R&D   

Å Leverage our core capabilities 

Å Research diagonalized along technologies 
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3D Silicon

Key scientists: 

Dave Christian, Bill Cooper, Marcel 

Demarteau, Ron Lipton, Lenny Spiegel



Vertical Integration ï3D 

Å Vertical integration of thinned and bonded silicon 

tiers with vertical interconnects between the IC 

layers

Å Technology driven by industry; offers potential for 

transformational new detectors 
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3D Demonstrator Chip

Å Fermilab started to actively pursue the 3D technology in 

early 2006 in collaboration with MIT-LL 

Á MIT-LL offered several DARPA funded three-tier multi-project 

wafer (MWP) runs

Å Designed Vertical Integrated Pixel (VIP) Chip for ILC 

detector readout 

FermilabVIP-I

Input bond 

pad
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m

Å VIP-I Design 

Á 3D design in three-tier, via last,

0.18 mm SOI process 

Á 64 x 64 pixel array, 20x20 mm2

pixels, scalable to 1M pixels

Á Data sparsification, 5-bit digital 

and analog time stamp, high 
speed token passing 

Á Analog output  

Á No integrated sensor
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VIP-1 and VIP-2a 

Å VIP-1 chip submitted Oct. 2006; ~20 devices 

delivered late 2007; chip works ! 

Å Major breakthrough in the development of 

advanced ASICs and integrated detector 

systems

Å An improved version of VIP-1 has been 

submitted to MIT-LL on October 13, 2008 

(150nm, SOI, 3 tiers): VIP-2a

Á Different power and grounding layout; 

Á Redundant vias and larger traces in critical paths

Á Added diagnostics

Á Slightly larger pixels 

Preselected Injection (top) and Readout 
(bottom) p attern of pixels reported as hit
using data sparsification

Data readout using 

data sparsification
scheme on full array



Collaboration with Industry 

Å 3D technology driven by industry

Å We started an initiative with local vendor, Tezzaron, willing to 
accept MPW runs

Å Tezzaron: 

Á One of the leaders in developing 3D technology

Á Wafers are fabricated by Chartered in Singapore

Ñ Chartered bought by GlobalFoundries in 4Q09

Á 3D assembly is completed by Tezzaron in Singapore

DOE KA12 Review, June 22-23, 2010    -- Marcel DemarteauSlide 13

Å Advantages: 

Á Existing rules for vias and bonding

Á Relatively fast turn around

Á One stop shopping for wafer fabrication, 
via formation, thinning, bonding

Á Process is available to all customers 

Á Low cost

Semiconductor Total Market Share 2009 

22.6 B$ (Source: EE-Times, April 2010)
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Fermilab 3D Multi-Project Run 

Å Fermilab formed a 3D collaboration and hosted a 3D 

multi project run with Tezzaron

Á Two layers of electronics fabricated in the Chartered 

130 nm process, useful reticle size is 16x24 mm

Á Wafers will be bonded face to face

Á Submission closed September 2009 

Å 17 Participating institutions in the MPW run

Á Fermilab host 

Á 14 European institutions 

Á Two US institutions (LBNL, BNL)

Á Application for b-factory, ILC, CMS, ATLAS, imaging, é 

Å Frame divided into 12 sub-reticules for consortium 

members; more than 25 two-tier designs 

Waf er Map
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MWP Full Frame Layout
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Fermilab 3D Project: VICTR

Å Vertical Integrated CMS TRigger chip 

Å Form a track-trigger at the first trigger 

level for sLHC

Á Momentum filter using a pair of 

Si sensors separated by ~1mm

Å Data flow is vertical ! 

Á Hits from two sensors correlated 

Å Chip design: 

Á The top tier looks for hits from long 

strips to provide phi information 

Á The bottom tier looks for coincidence 

between phi and shorter z strips 

connected to bottom tier through 

interposer 

Å Could be used for hit correlations at 

Muon Collider
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3D Project: VIP-2b

Å The ILC 3-tier VIP2 design (MIT-LL) 
converted to a 2-tier design (VIP-2b)
Á 192 x 192 array, 24x24mm2 pixels

Á Removed analog time stamp

Á Increased digital time stamp from 5 bits to 8 
bits for ~3.9 us resolution

Á Switch for collection of h+ or e-

Å Through silicon vias implemented 
Á Allows for I/O connections through either the 

top or the bottom of the chip.   

Å Connections to vias on the bottom side 
can lead to four side buttable layouts 
with absolute lowest circuit and sensor 
mass.  
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