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IRRADIATION LEVELS
Irradiation level for FPGAs near VELO
– Current best estimate of expected irradiation 

of VELO sensor for 100.fb-1

– Extrapolate from sensor to 1 m distance 
(approx. location of repeater cards) 

– Get:  20–70 MRad / 100.fb-1

or     (0.5–1.5)×1015 neq/cm2 / 100.fb-1

(Range is envelope of different extrapolation methods)

– Large and problematic number
Irradiation level for FPGAs elsewhere
– In nearby corridor (requires some additional 

shielding), cable distance ~10 m
– At balcony, cable distance ~20 m 
– Either location gives few kRad/10.yr, which 

scales up to:  few 10 kRad / 100.fb-1

– More manageable level
Sets scale of problem for VELO upgrade

1 MeV neq fluence map in vertex region

LHCB Radiation Background - Corti & Shekhtman - lhcb-2003-083

VELO Upgrade News - Collins - velo.upg.090324

(REF: 100 fb-1 = 5 yr @ 2×1033)

Intermediate FPGA for Multiplexing
- van Beuzekom - velo.upg.081114 
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Actel RTAX-S series (radiation tolerant)

PLANS @ SYRACUSE
Just at the beginning of our program at 
Syracuse…

Purpose:  To investigate likely FPGAs for use 
in VELO upgrade (specifically but not 
exclusively for pixel application)

Basic plan:
– Spec out a likely FPGA 

• Actel RTAX-S series
• Xilinx Virtex-4 QPro-V series

– Construct a mini-daq with prototype board 
– Develop coding to configure and exercise chip 

• Bench tests to validate procedures for 
measurements to be made (given below)

– Develop and test irradiation setup
• Mechanical, cooling, power, etc. 

– Move to irradiation facility (see next slide)
– Irradiate it
– Tests to be made:  

• Irradiate device with power on and 
• Configure / read back configuration file to 

determine probability of corruption of static 
registers

• Write / read back dynamic registers to 
measure SEU rate (e.g. counting)

• Measure SEE cross-sections for bit-flips, 
configuration loss, latch-up, transient effects, 
high-speed operation, etc.

– Establish mitigation strategies, etc.
– Iterate with other likely FPGAs as necessary

Xilinx Virtex-4 QPro-V series (radiation tolerant)
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IRRADIATION FACILITIES
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SOLICITATION
Would like to gather together a list of what people are interested in doing in 
terms of irradiation tests.  Useful input:
– Which device(s) you want to irradiate 
– Level of irradiation expected at the location of your FPGA
– What irradiation species (p,n) you prefer
– Specification of tests of interest to your group

• List out details of what it is you want to test, and how to test it
• Can we develop common algorithms to spec all devices?  Establish common 

criteria for acceptable irradiated FPGA performance?
– Configuration files relevant to your application
– Rough schematic of system to be tested (dimensions, requirements in terms of 

services, etc.)
– Rough schedule of when you think it would be available for irradiation.  

• Syracuse plans are for irradiation in Fall 2009  
– Assume apparatus self-contained and transportable to remote site 
– Other issues of common interest?

will circulate an email request for this info
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