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Overview Of Topics

I. What is QASPR?

II. QASPR Approach

III. Identifying & Quantifying Uncertainties

IV. Propagating Uncertainty

V. Best Estimate + Uncertainty

VI. Conclusion



SPR-III pulse reactor

Features:

5×1014 n0/cm2 in 76 µs

(1-MeV Si equivalent)

within 17-cm cavity

Status:

Permanent shut-down

in September 2006

per DOE policy on

special nuclear materials

Need: Qualify electronics for intense neutron bursts
without a fast-burst reactor – µs time scales



Short pulse neutron environments create 
damage in materials and devices

Displacement 
damage
degrades 
device gain. 

Neutrons create displacement damage
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I. Irradiation testing in alternative
facilities still available

Solution:  The QASPR approach

Merging Experiments, Modeling, and UQ

II. Science-based modeling
to go from tests to response

Neutron (& gamma) production
SPR, IBL, ACRR, etc.



Transport of radiation particles


Defect production & ionization
in electronic materials



Time evolution of defects


Carrier behavior
and resultant device operation



Circuit operation
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III. Quantify uncertainty in simulation and 
experiment – make quantified comparisons
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computational modeling & uncertainty quantification
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• Calibration:
– Use existing test data (model development) to improve physics 

model parameter settings in simulation code.

• Validation:
– Assess agreement between simulation data and new test data 

(validation).
• Not using same test data from calibration.

• Uncertainty quantification:
– Estimate uncertainty in test data.

– Propagate input parameter uncertainty through code(s), and 
estimate uncertainty in simulation data.

• Related topic – Verification:
– Assess mathematical correctness of simulation code(s).

UQ-Relevant Terms



Categories of Uncertainty

• Physics parameters 
– cross-sections
– diffusion parameters

• Device model
– doping characteristics
– device areas

• Device performance (electrical) measurements
– current measurements

• Radiation environments
– Ni activity
– Si calorimeter integral data

• Model form (fidelity)
– Psuedo-1D Charon vs. 2D Charon
– Oxide

• Numerical/computational
– not varying since small compared to other uncertainties



Device Characterization Uncertainty

Scanning Electron 
Microscope 
measurements of 
dimensions ~5% 
uncertainty

Area measurements 
using optical die 
have ~4% 
uncertainty



Dopant measurements have 20% 
uncertainty
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Improvements in dosimetry/analysis support  
for uncertainty characterization for QASPR

Covariance Matrix

SpectrumTime Profile
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Test data consists of time resolved voltage & current
during & after irradiation and pre & post 
measurement of IV characteristics or Gummel curves.

Radiation Test (Experimental) Data
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Experimental variability & uncertainty are important in UQ

Pre-rad Gummels of 7 n-p-n BJTs
Single wafer
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Uncertainty is Being Reduced through 
Calibration

• Dopant profile uncertainty
– Unirradiated operating performance 

measured
– Models run to optimize fit to 

measured performance by adjusting 
dopant profiles

• Physics parameters uncertainty
– Irradiated operating performance 

measured

– Model runs to optimize fit to 
transient performance by adjusting 
poorly known physics parameters



Codes in primary computational sequence

Finite-element device model
with defect annealing

Charon

(& 1D development code)

Radiation generation

& propagation

NuGET

Defect formation

Cascade

(incl. MARLOWE

– binary coll. approx.)

Circuit model

Xyce

Si interstitial (SiI) (+2,+1,0,–1,–2)

Vacancy (V) (+2,+1,0,–1,–2)

VV (+1,0,–1,–2)

BI (+,0,–)

Primal defects                          Secondaries        Tertiaries

CI (+,0,-)

VP (0,–)

VB (+,0)

VO (0,–)

BIB (0,–)

BIO (+,0)
Annihilation

Annihilation

Defect-physics approach:
Use defect species well founded on experiment or ab-initio theory
Adjust poorly known physics parameters for consistency with testing

time < 1 s
room temp.



The QASPR qualification approach will include 
device testing and device/subsystem modeling

Material & Device 
Characterization

Testing at alternative 
facilities, other than FBRs

Device models
Subsystem 

Circuit Simulation

XYCE CodeSimulated transistor 
i-v curves

Qualification 
EvidenceRobust Defect 

Physics Package: 
Modeling and Testing

System 
UQM&S 

UQ

• M&S UQ propagates uncertainties 
from irradiation source through circuit 
model
• System UQ estimates bias to include 
with best estimate plus uncertainty 
SPR calculations



Propagating Uncertainty

• On the order of 150-200 uncertain parameters 
throughout QASPR for device (those that have been 
identified)

• We cannot “blindly” propagate uncertainty for all 
parameters
– setting conservative bounds on all variables may 

produce meaningless results
– limited by time and budget

• Limit the number variables based on reduction 
rationale
– sensitivities of parameters
– strong correlations between parameters
– reduction of bounds with calibration
– some expert judgment – will be formalized with sensitivity 

analyses
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Device Process
•Characterize as-built device parameters and 
conduct unirradiated testing (Experiment)
•Calculate unirradiated device operating 
performance to finalize device model 
(Modeling)
•Conduct device performance experiments at 
alternate facilities (Experiment)
•Predict device performance at alternate 
facilities (Modeling)
•Use device computational and experimental 
results to determine any systematic bias in 
modeling (UQ)
•Predict device performance in SPR environment 
(UQ+Modeling)
•Adjust SPR prediction using systematic bias to 
construct best estimate plus uncertainty (UQ)

End Game: Best Estimate + Uncertainty

Red lines/Black dots – simulation 
data
Blue lines/Green dots– test data



Conclusion

 QASPR integrates a wide range of modeling and experiments
with UQ to provide a best estimate + uncertainty of electrical 
device/circuit response within a radiation environment

 This effort spans eight Sandia centers and exemplifies
a trend toward inter-organizational integration 
in pursuit of larger objectives. 



Supplementary Slides



The QASPR development plan requires 
different types of data to be collected

Determine relevant 

physics
Conduct prototype

Develop relevant 

diagnostic techniques
Collect validation data - Characterize as-built devices

Develop (or adapt) needed 

codes

Verify and Validate 

models
- Test at alternative facilities

Develop uncertainty 

techniques
Quantify uncertainty

- Simulate performance at 

alternative irradiation facilities

- Calculate best estimate plus 

uncertainty

- Compare QASPR result with 

prototype test data

Refine and expand 

Establish alt facility damage relationships

Model 
development

Validation Prototype

Data Types

Model 
development ??


