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Flux of Cosmic Rays in Space
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Particles Cascade into the Atmosphere
after the Impact of an Energetic Particle




Flux of Impacting Energetic
Particles at the Sea Level
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Radiations Effects
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SEE Tests

» In fileld experiments are too
expensive

» Accelerators (LINAc or cyclotrons)
are used to produce high energy
particle beams

> Typical experiments are performed
by using:
- neutrons and protons
- heavy ions (Ni, Br, I, ... Au)

.

| A
T %

DAEIMI



Heavy lons Irradiation Facilities
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Particle Impact on a Power Device
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The Brag Diagram
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The Choice of the Impacting Particle

1l —e— Gold (197) _ | }—=— Nickel (s8)
]| —= - Todine (127) | : - Bru.mme 79|
||—— Bromine (79) — Todine (127) )
J{—v- Nickel (58) —v-- Gold (197) |

-]
(—]

=)
[—]

 LET (MeVeem’amg?)

T = (LETgpc + LETyyq)
T T T T

106 w0 108 TS 105 w1t 10
| Energy (eV)  Energy(eV) -




Outline

SEE In Power MOSFETSs:
SEB
SEGR

SEB in IGBTs
Conclusions




SEB of DIODES




Typical Test Circuit
(Static Characterization)
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Generated Charge Histograms
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Charge Amplification
(Measured Waveforms)
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Charge Amplification
(2D Simulation)
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Charge Amplification
(2D Simulation)
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Diode Current during
a Destructive Impact
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Simulation of a SEB
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Double Injection Phenomenon
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SEE in Power MOSFET
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SEB in Power MOSFET
Studied Structures
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MOSFET Behaviour at
Increasing Voltage

¥ Single Event Burn-out
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Parasitic BJT Activation
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The effect of the epi-thickness
on the BJT Activation
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3D Simulation of Potentially
Destructive Impact
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3D Simulation of Potentially
Destructive Impact

Holes Concentration Electric Field

SEE MOSTET Vds=100V Vgs-0V @ L-1p3 SEE MOSTET Vds=100V Vgs-0V @ L-1p3

Hectric Feld [Vicm]

- 5.004.07
4.38X1.0

3.75x.0°

3.12x10°
2.55x1.0°
1.88410°
1.254.0;
6.25x10
0




3D Simulation of Potentially
Destructive Impact
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3D Simulation of Potentially
Destructive Impact

Electric Field (35ps)
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SEGR In Power MOSFET
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Mean Charge Generated in a 200V
MOSFET and in Corresponding Diode
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3D Simulation of an Impact
accompanied by Gate Damage
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3D Simulation of an Impact
accompanied by Gate Damage
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3D Simulation of an Impact
accompanied by Gate Damage
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SEGR Conceptual Model
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SEB in IGBTs
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SEB in IGBTs
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SEB In IGBTs (2D Simulation)
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Conclusions

> Main phenomena observed during the impact with
energetic particles have been presented

> In SEB phenomena the interaction between Charge
and Electric Field (double injection) plays a relevant
role in triggering electrical instabilities

- In MOSFET its effects are enhanced by parasitic BJT
activation

- In IGBT the presence of two parasitic BJT makes the
device even more subject to SEB

> In SEGR phenomena charge motion during the impact
causes the electric field across the oxide to increase
and causes damages to it
- more theoretical work must be developed to better

understand the formation of the damages to the gate
oxide
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Thank you for your attention!




