








 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Total capacitance per unit length at 200V bias for several p-type SSD as a function 
of strip width over pitch ratio (wafer 14 is FZ, wafer 66 is MCz). 

2.1.5. Efficiency Measurements 
Our electron telescope using a 90Sr source permits to measure the charge collection 
efficiency CCE, yielding information on depletion voltage (independent and more 
relevant to detector operation than C-V) and trapping. As shown in Fig. 4, pre-rad both 
CCE and CV give the same depletion voltage of 80V. After irradiation, we expect this still to 
hold for the p-type SSDs, while p-on-n SSDs require then large over-depletion. A cold box is 
being constructed for measurements on irradiated detectors. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 4 Bias dependence of the charge collection efficiency (CCE) and the back-plane 
capacitance (CV) of a p-type SSD. 



 
2.1.6. Preparation of short-strip SSD Fabrication 
A next submission within RD50 for production of test SSD is being prepared. 

Important is the transfer of the technology to a commercial foundry with 6” wafers. The 
following questions will be addressed: 

a. P-type isolation study (p-spray vs implants, modified p-spray) 
b. Geometry dependence (minimize w/p) 
c. Charge collection studies 
d. Noise studies 
e. System studies: cooling, high bias voltage operation,  
f. Different materials (MCz, Epi)   
g. Thickness  
 
2.2. Frontend ASIC 
 
Test structures of a SiGe biCMOS process were irradiated with protons to several 

fluences up to 1x1016 p/cm2.  Reasonable electrical performance was measured after 
irradiation demonstrating that the SiGe bipolar devices can be quite radiation hard.  
Several different SiGe fabrication processes are now being studied.  A prototype, proof-
of-principle, front-end circuit is now being designed to be ready for fabrication in fall 
2005.   

 
2.2.1. Irradiation of Test Structures 
We obtained test structures from one of the commercial SiGe biCMOS (IBM 5HP) 

processes from our collaborators at the Georgia Institute of Technology.  Each set of test 
structures was a collection of several transistors and other components arrayed on a wafer 
chip.  We selected several transistor sizes and some matched transistor pairs for testing.  
The devices were characterized in Santa Cruz, then brought to CERN for irradiation with 
protons and then returned to Santa Cruz for re-testing after sufficient time for the 
activation to reach safe levels.  The irradiations were carried out by our graduate student, 
Jessica Metcalfe, in the RD50 irradiation setup at the CERN PS in the fall of 2004.   

 

 

 

 
Figure 5:  RD50 Shuttle for Irradiating Samples at the CERN PS 









particular differs in the structure of the oxide isolation, it is possible that they have 
different levels of radiation tolerance.  We believe that it is important to understand these 
differences and to judge a few of the available processes in order to best choose the 
appropriate process for a future upgrade.  We have made arrangements to sample test 
structures from three vendors, IBM, IHP and STm.  We plan to do similar radiation 
studies with samples from all three vendors, in some cases with more than one of their 
generations.  This will give us a better understanding of the sensitivities of radiation 
tolerance to device structure and process.  We have also made arrangements to irradiate 
samples with neutrons and gammas as well as protons.  This will be accomplished in this 
second year.   

Given the number of potential fabrication processes and the work involved in 
updating technology files to reflect post-rad parameters, we have postponed the 
completion of this one milestone until we have sampled more technologies.  We will then 
update at least one, which appears to be a potential technology for a future upgraded 
tracker.   

In order to advance our understanding of the true power savings beyond the level of 
calculated estimates, we will also design and fabricate a chip with a few channels of a 
front-end readout using one of the available processes that we are studying.  Technology 
files from IHP have been obtained and design work has started.  This may not be our final 
choice for optimum process but should be representative of the potential power savings.  
A full readout chip with a fully qualified SiGe biCMOS process will await future work 
after year 2 is completed.   

 
Year 2 Milestones 
 
Layout of short SSD hybrid     3/1/2006 
Short strip SSD fab’d      6/1/2006 
Short SSD hybrid fab’d      6/1/2006 
Efficiency measurements on short strip SSD   10/1/2006 
Layout of SiGe proof-of-principle IC    12/1/2005 
Layout of test board for SiGe proof-of-principle IC  2/1/2006 
SiGe test structures characterized from multiple vendors 3/1/2006 
SiGe proof-of-principle IC fabricated    4/1/2006 
SiGe test board fab’d      4/1/2006 
SiGe test structures irradiated from multiple vendors  7/1/2006 
SiGe proof-of-principle IC characterized   10/1/2006 
SiGe technology files updated for at least one process  10/1/2006 
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6. Manpower 
 
David Dorfan  Physicist ASIC technology and design 
Alex Grillo  Physicist ASIC coordination & evaluation, system 
Hartmut Sadrozinski Physicist SSD coordination & evaluation 
Abraham Seiden  Physicist Physics, layout, rates, system 
Ned Spencer  EE Eng. ASIC design and layout, system aspects 
Sergei Kashiguine EE Eng. Hybrid layout, electrical measurements 
Max Wilder  EE Tech. Interfaces, hybrids, characterization 
David Larson  Tech.  DAQ 
Jessica Metcalfe  grad. stud. Irradiations, ASIC characterizations 
Ken Fowler  grad. stud. Efficiency meas., SSD characterizations  
John Gerling  student           Efficiency meas., SSD characterizations 
Kunal Arya  student  DAQ 
Nate Blumenkrantz student  SSD characterizations 
Ashley Jones  student  ASIC characterizations 
Dominic Lucia  student  ASIC characterizations 
Matthew Mendoza student  ASIC characterizations 
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