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Space industry market and manufacturing have been increased for last decades.

Furthermore, this trend will continue for next decades. According to the increase in
the functionality required for a spacecraft, the total electric power consumption of
the spacecraft increases. Actually, the power consumption will soon reach to a range
of 100kW to 1MW for large-scale satellites and space stations.
One of the major problem with the power demand for the high spacecraft
functionality is the weight of electric harness, which directly affects the launch cost
of the spacecraft. The harness weight has already occupied about 8% of total weight
of the latest spacecraft so that further increase in the harness weight will not be
acceptable.

The introduction of the high voltage DC power bus in the power supply system
will be the solution to against the increase in harness weight. The system requires
high voltage semiconductor device switches for voltage / current conversion and the
devices will have a risk of low reliability due to the device failure named “single
event burnout (SEB)” with high energy particles in space, such as protons.

In order to control failure risk, the failure rate analysis method is to be included in
the device design scheme of the high power semiconductor device to be used in the

spacecraft. However, no method had been proposed to analyze or calculate the



failure probability for space applications of high voltage semiconductor devices.

The thesis proposes a new method for failure rate analysis for space application, for
the first time, which is universal so that the method is applicable to high voltage
semiconductor devices under any space radiation condition in various orbits.

In Chapter 1 of this thesis, the background of the research is explained, such as
satellite and space industry development trend and the high power supply system of
next generation spacecraft. In this chapter, the aim of the research will be clearly
stated.

In Chapter 2 of this thesis, basics of high voltage power semiconductor devices are
explained.

In Chapter 3 of this thesis, the cosmic ray induced failure and its mechanism
were explained. This chapter includes two sections. The first one is that
understanding of cosmic rays and its aspect in spacecraft power system. The second
one is that semiconductor devices failure mechanism which induced by the cosmic
rays (high energy particles), including proton-silicon nuclear interaction and charge
multiplication avalanche phenomena in the silicon power device due to the impact
ionization.

In Chapter 4 of this thesis, the proposed method to calculate failure rate was
introduced. The proposed method is expressed as a simple formula consists of three
parameters, threshold deposited charge value of power device failure, the
probability function of the amount of charge generated in the silicon with the high
energy particle and the high energetic particle flux data in the orbit. For the first
parameter, the T-CAD simulation was used solving carrier transport equation with
impact ionization model under deposited charge inside the high electric field
position of the device. The second parameter was extracted from various data in
prior articles. The third parameter, the flux data at the orbit environment, was
extracted from reported project data such as SPENVIS and PAMELA for space
particle survey. In this failure rate analysis, the energy range of proton flux is
assumed to be from 1MeV to 200GeV at the low earth orbit condition. Simulated
device model was 3.3 kV PiN diode.

In chapter 5 of this thesis, the failure rate of a high voltage power semiconductor
for the low orbit satellite application is shown for the first time. Comparing the
failure rate in terrestrial, the calculated failure rate at the orbit is higher by several
magnitudes. In a case of 3.3kV class power diode designed for a terrestrial
condition should be used under 1.5kV for the satellite application.

I n Chapter 6, the conclusion is given.



FHMRXEBEOHKRDNVDER

WEE AR FHEENRE LTTHOILRE & HIHEEDOITE LTI >
TETWD, ZOBRIXI HICABBFRES 2R THlENS, ATHEESCTH
AT —va Ui PICEREINDEEED M L S, EORHEEE 0 EmL T
TTWVD, EEE, KURMEESCTHAT — a V TIREEE NIV D HIZ 100kW 7
5 IMW O L~YUIZET H & TRINN TV D,

NLHERESFHAT —¥ a yOEERILICE ) HRE/EMC LV EREZ NS
RROMED—21%, BAHEMR (VA ¥ " —FR) HEOHEIMZLLTH EiIFax o
Emchsd, VA v —FxA0ERIL, NTHEOREROKN 8% % HH TRV, Hi
DELRLEIMIFTH BT a XA FOENLHARTERY, 2D, BT AT LAON
AEEEEBEETHZEICLDV A YA — X ZAOBEEHIHNR EEN TV D,

—fxIZ, BRI AT A THWO D EARER (BEOHESCRESZ 22 I AT
I [EEE) ICIXEBENRY 8RB NHNLN TS, EEE ST —FEKFE 42 A
THREETHNDTOIZIE, BFBEVTRAVX—%2  OFHR & ERT LIRS
BFHIEO Y R 7 ZART 2 0NN D D, WEHERZ & 2 —EOMELL TIZIfld 5729
Wi, ATHREZICHW LN EBIE/ T — L8R T OBERN, HLEZEDOSRMEND
HONUDFHEATE D Z ENMAELEN, FREBRN L, FEROEmAREEIT LIRS E
JERT — P8 RE T OFTHEM TORAZRHEE LSRR IEIIRISIRE S
LTV,

KL T, FHISHOTZO OMEREF /T2 LW HIEZPIO TREL, 20k
EIZX D | BRx BRFEEH BRI T COmEE/ T — B8 RE 1 O MR R O RE A
ERIEATELZLZRLTND,

B 1 BT, ALFERESCFHEXOR RO, RN THEEEOE NG AT
A, WROEFIZOWTHEHT S & &bz, Mo B Z ISR T\ 5,

W2 ETIX, WBENY B RR A OB R EFRHEENHH STV 5,

B SETIX, FHMABRTHRTOMIBIIOVWTHHL WD, Thbbu—2f
BAFEFNTOETRLEX—T10 &) arOMAERCEMBEREIC L 5
[ A A = R DIZOWCEERNCIA L T 5,

54T T, BEINTEBEROHEIECOWTHIA L, RERTFIETE, 3o
DA W TN D, NU —YE8 KR A 5| & 2 THERFEME OB, M=/ ¥ —
Bit-ZFED >V a s IR S5 B EOMEREER, K OWLEN O F = 1L X—h 1
WRT — 2 O ATV D, KFEERITZ, T-CAD a2l —vailioT
FTDOEBERE ONEBICHERE L 72BN A 87 A A bz sl &R THLE A2, X
¥ U THEEFBEXLMES Z L TROTND, 2O0HD/NT A—F T WMEDRL & m5Hr



L L7=, 3 DH®D/8F A —% %, SPENVIS X° PAMELA 72 870y =27 b
WET —2 DB Uiz, ABRNEFRC, [EHUERECO Y v b O Z = R/ X—§i
FAE LT 1MeV 725 200GeV £ TOMEZBLNT — & H3RDTW%, £72 T-CAD TH
WD NT S8R F-DE T /VIL, 3.3kVIIHED PIN # A 4— K& H\ -,

%5 W T, KA R COMEE/ ST — B8RO S g 2 RS R D 2 FIERHI0O
TRENTWD, Hi ETOMEESR L g4 25 & FHBLE A2 KE L TEHRE S v igkEss
IEFEF @, FRICH EFICERE SN Y —PERE T2 Z O F F N TR EICH
WAGE, 3.3k VO /T —PERTHIUL S AEE 1.5kV &0 5 K- THEAT 5%
ENbDHZ R ERRLT,

%6 FHT, fmaik T\ 5,

¥, RFSUCBE L, FEZRT AT HEE NS, ke B/ e Sz,
W BN RN ST,

LLEIZE Y | FasCl A R OESRBRORERICHE S X | FAEZBRITB W CTEEICHFA
L7ofE R, Rt () OIS+ ET 5 O Th 5D Lol Lz,



