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The proposed formula successfully combines the models of the three
phenomena
=>» Detail of each model
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4. Calculation Results for 3.3kV PiN diode for Low Orbit
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In order to reduce power loss:

Thicker cable g ‘ x

Vv
Higher bus voltage 1\/[ 1*1*1*

In Order to Reduce power losses and weight, high

voltage power supply system will be required
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e Contribute to high power devices’ reliability
in the future space applications

* Develop cosmic ray induced failure rate
calculation method for all kind of power
devices in various space environments

* Demonstrate that proposed method can
give failure rate of the high voltage device
at the low earth orbit environment.
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occurs inside devices

P due to high energy

particles from space

either space or

terrestrial.

Cosmic Rays induced Single Event Effects
.

s < ) in Power Semiconductor Devices Giovanni
2 2 g ZTimef) Busatto University of Cassino ITALY

Total Dose ‘;‘T?ﬁfe Event 71‘

Effect | Effect

7

!:_'_5!!5 Single Event Failure Phenomena A< KVUteCh
Space radiation flux
Proton
F(Ep)
Counts/m2/sec/MeV

Cathode

Proton energy Ep(MeV)




u_._‘__’_.‘_'_,:_.._ Single Event Failure Phenomena A< Kyutech

Kvushu Institute of Technoloay

Charge deposition probability distribution function for
300um silicon with proton energy as a parameter
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Burnout Condition based on avalanche phenomena

Qdest (V)

Deposited Charge Qd (C)

Burnout

Anode Cathode
.
Safe
Applied Voltage (V)
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Power Devices Physics

Nuclear Physics Astro Physics

Based on Based on Based on
T-CAD (SYNOPSIS) Study of LITERATURES SPENVIS SIMULATION
SIMULATION Data of LITERATURES

The proposed formula successfully combines the models of the three

phenomena
= Detail of each model
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particles of Cosmic ray
are protons in the earth’s

Source of

: 1.SPENVIS 2. PAMELA 3. AMS
Proton flux data
o 1MeV-200Gev 0 bit 0 bit
Methods Simulation n orot norol
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1-400MeV proton flux data at 1GeV-20GeV proton flux in
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in LEO and its fitted function. LEO and its fitted function. in LEO
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Proton flux probability is fitted for all the range of energy
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rge deposition Probability A<

Energy deposition
0 @ probability
LY

Target is to define
Q)

e-h pair generation
in Silicon requires
energy
E = 3.68 eV/pair

The pair charge is
e=1.6*101°C
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Fitted function is expanded to higher energy level 15
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Burnout Condition based
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Combination of charge and voltage need to be
defined
Each point require transient TCAD simulation

for Avalanche
More than 100 points needed to be simulated
=»Problem of simulation time
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P-Layer -

i-Layer —
Charge
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position

N-Layer —

Homogenous structure of diode makes it to be able to

perform Cylindrical Simulations (Quasi-3D) instead of
ordinary 3D simulation. =>reduction of simulation time

ZPEFe Electron current density distribution by voltage K Kyutech

e Kvushu Institute of Technoloay

2600V

2200V

1800V

1400V

The charge generation increases when applied voltage increases
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Qd=Deposited charge

Current

Time

Q= [ 1dt=Qd < Qg.4(V)

Q= [Idt = Qd+QA>Que (V) Q= [ Idt>> Q (V)

The safe area’s border defines destruction charge curve
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Quese(V) = 7 + 10710¢0.003V

Destruction charge function Q ;.s:(V) defined by fitting simulation result
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By combining three models we can calculate failure rate under space
radiation environments
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2% Calculated Failure rate of 3.3kVdiode in Space
3.3kV PiN diode, Proton incident energy range 1MeV-200GeV
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The SEB cross section for high
voltage power semiconductor

device depends on applied
A

146 / voltage (3.3kV PiN diode,
107

1MeV-20GeV)
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The SEB cross section of device can be used for any radiation

environment failure rate calculation
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e Cosmic ray induced failure rate calculation
method for all kind of power devices in various
space environments is proposed

* |t is demonstrated that proposed method can give
failure rate of the high voltage device at the low
earth orbit environment

* The new method will contribute to high power
devices’ reliability in the future space applications
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