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Why model / simulate?

e Predict device performance
e Optimize device performance

e Better understand underlying physical
mechanisms

Vv vV Vv Vv Vv vV Vv Vv Vv \%

Source. SN <y lDrain

UF [FLORIDA

The Foundation for The Gator Nation Engm Hng



AlGaN/GaN HEMT DC Performance Degradation
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» Point defects create traps
» lonized traps create:
» Reductionsin electron
mobility
» Negative trapped charge
> W 2DEG density
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Problem: Understand Mechanisms
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Partial lonization and/or Compensation?
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Overview

Modeling Radiation (total ionizingdose) effects
on AlGaN/GaN HEMTs

Test hypothesis of ionized impurity o0 0000000 0 — o

: i . —e& - 000 —0 00000
scattering as mobility reduction 560000 000 0
mechanism (TRIM)

Determine sensitivity to traps in

Gate
AlGaN or GaN layers (FLOODS) S ISiN WA s I 5
Determine effect of partial trap Trormmrue o
ionization (FLOODS) .

d

Determine effect of trap
compensation (FLOODS)
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Simulation Methodology
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Simulation Methodology

Calculation of Partial lonization
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Overview

Modeling Radiation (total ionizingdose) effects
on AlGaN/GaN HEMTs

1. Test hypothesisofionizedimpurity o o0 0000000 — o
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4. Determine effect of trap
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Radiation-induced Defect Estimation
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lonized Impurity Scattering Hypothesis
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Overview

Modeling Radiation (total ionizingdose) effects
on AlGaN/GaN HEMTs

1. Test hypothesisofionizedimpurity o0 00000000 — o
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Test Acceptor Concentration and lonization

e Radiation case:

— 5M eV Proton radiation, fluence= 2x1014 cm
e |ds reduction=13%, Vt shift=0.1V (3%)

— TRIM / Mobility model predict ~10 cm=3ionized
acceptor traps near 2DEG

, i AlIGaN _ _ _ |
e Sensitivity Analysis 00— —————————

— Uniform Acceptor Doping —— — — — ——— — — — _
e |solatelayer
e Vary trap concentration
e Vary trap energy level
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Acceptorlonization
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Ve, (E,+1 eV) =fully ionized
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Simulation Results: Drain Current Reduction
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Simulation Results: Threshold Voltage Shift
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Overview

Modeling Radiation (total ionizingdose) effects
on AlGaN/GaN HEMTs

Test hypothesis of ionized impurity o0 0000000 0 — o
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Test Effect of Donor Compensation

e Radiation case:

— 5M eV Proton radiation, fluence= 2x1014 cm
e |ds reduction =13%, Vt shift =0.1V (3%)

— TRIM / Mobility model predict ~10 cm=3ionized

acceptor traps near 2DEG
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e Vary trap energy level
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e Vary trap concentration
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Effect of Donor Compensation
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|4 Reduction — Simulation Matches Experimental
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Vt Shift- Simulation Matches Experimental
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Negative Space Charge Confinement
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Conclusions

1. Hypothesisof ionized impurity 000000000 — 0
: - : & 2 000 —00O0O0O0O0
scattering as mobility reduction 000000 _000O

mechanism is confirmed

2. Performance is much less sensitive to \
traps in AlIGaN

3. Acceptor traps at E,+1 eV are effectively Cate
ionized throughout GaN >S IS'N >IN I D
o ANGEANTT TS
4. Confinementof negative trapped
charge near 2DEG s due to GaN

compensation of Acceptor traps by
Donor =» determines amount of DC /
performance degradation
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Future Work

e |dentify donor trap lifetimes

e Simulate RF performance degradation due to
radiation
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