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Mid-life Radiation Effects

A year ago, single radiation-hardness test on proposed chip showed drastic jump in power
consumption

Simultaneously, IBL power consumption jumped unexpectedly a year after installation, causing
operational overhead and also temporary inactivation of IBL

Although this phenomenon was known as early as 2002, no predictive model currently exists,
thus requiring experimental analysis of the individual system
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The Phenomenon — “TID Bump”

Irradiation creates in electron-hole pairs in SiO, in chip gate
> Electrons highly more mobile than holes, resulting in positive charge build-up

o Charge build-up increases linearly with TID but decreases exponentially with time due to diffusion

Charge build-up is counteracted by “interface traps”
> Positive charge in SiO, results in dangling bonds which trap electrons from p-type Si
> Since process activated by positive build-up, magnitude of effect varies linearly with SiO, charge
> Delay from SiO, charge accumulation to electron trapping results in current spike
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Experiments and Analysis

Test chips irradiated under controlled conditions:
o Temperature: low temperatures inhibit annealing and trapping, thus exacerbating mid-life current bump

> Dose rate (distance from source): actual chips will be placed at different distances from collisions, thus
resulting in current fluctuations at different times throughout the system.
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Current tests off-site with natural cobalt source

o Qccasionally power outages and computer restarts
allow annealing in chip, thus interfering with
representative data collection

Digital Current [A]

Approaching critical point where data sufficient to

attempt modeling o, ITID[r3V1d]II4 e
ra




Technical Complications

Temperature monitoring
° Temperature read-outs during irradiation are unreliable

o Recent studies show that thermal camera read-out (used at termination of study to confirm expected
temperature) may be unreliable




Technical Complications

Temperature monitoring

Humidity control
> Due to high source radiation, experimental humidity cannot be monitored

o At termination of most recent sample, ice was discovered surrounding the chip despite dry-air
precautions




Technical Complications

Temperature monitoring

Humidity control

Source availability

> Source closed from early October to early November for
calibration and maintenance

° Four new chips received and verified, but testing unable to
continue due to source closure



Developing a Predictive Model

Two potential models have been suggested based on current experimental results

A “physical” model, proposed and developed by Malte Backhaus
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° Requires extensive parameter-fitting for each new condition-set, thus lessening use as predictive model

A purely theoretical Landau fit
o Qualitatively similar to data obtained from radiation tests
o Well established fitting methods within particle physic

o Generates four fitting-parameters, which if linked to physical conditions, could provide valuable
prediction method

> No such physical significance currently established
> Trends are difficult to identify due to low data density



Next Steps

Complete full-scale software and data backup from source

Conduct further temperature-measurement studies to evaluate accuracy of measurements

Verify integrity of equipment post-radiation study

Investigate possible trends in proposed Landau model
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