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AL Device-Simulation-Based Study of Space Heavy Tons Effects on Semiconductor Material Electronic Devices” (5

NA AV 2 b= a AW EEEM B OB FHFICG 2 2 FHm BBk ORBICET 278 L THRTTEN,
RO TETHEENTND,

% 1 % [General Introduction] T, FFam& LT, FHMBICHEM I D EEE MR OSE & i LA & Ok - RS
DFENWER LT, Fio, EEOHE ETORFBROKBIZ L IFHMEOREGOF AR L, NLHERICHERK SN D HEK
Electronic device |2 & » THUNMROMENRKEDL A, FEOHIEERIZORNDIFERENVWI LE2R LT, S LITEED
Electronic device DG - EEERIMUIZ & B 72V, TERDOHBERHEEITIMZ . BT /A AT DR FR ORI BLIIRD T
B, ZOPTHRICHENGERISNIFRL LT [Fyr—0 27 V00 EWIBIRERETS, Fyr—I2 2T U I35
BT DL, JERADE SN TE AR RPN L EN D720, ZOBRBORBEL Y - PHSEFICEETH D, ULEoWE
RO ARFROESE - HEZ R LT,

452 % [Radiation Environment in-Orbit| “TiE, EEEOATHE & T JITHEH S5 8K Electronic device 2RSS
Th A O TR OV CORE T T 5, FHASRROBEEE L U CHITHR, K7 VTR Uy U7 Lok
TPBRIT- O 3 FEENFIEL, HENSE DHE - BEICLY, BENDIBRBRESKE S BRI LER LT,

% 3% [Radiation Effects on Semiconductor Material Electronic Devices| TlX. &AM E Electronic device TDhL
FHRE A OV TS T D, AR Electronic device ORSHREEE L L Tl k& < IZLREE, BHEED 2 >0y
b0 BEHEGOTIIE =2V =X, v T NA R MNIRD 2 DOBRNFET D, KL CTEHT 20T
TNA R NNROFDRATY FARL RABHBNS D INARS R T v Ty b (SEU) ThY ., #ilsE I8\ T SEU
EHRRETHHIRERE LT [Ty =227 V7] BEET D, ZNOOREA T =ALMMIOWTHEMZR LTz,

%5 4 % [Charge Sharing Induced SEU Simulation by Using the Device Simulator| T, 3 &IILT /A A I = L —& HyDeLEOS
ERHWCTF Y=V =TV U7 BRO TR TIEE IR LTz, HyDeLEOS (CITEE O LALEICEM A IEAT ZHERDH Y, £
OPH - BH, P T PAX~ORERRE I 2 b —Y g T AL Do T D, LROBREEEM L, EROEA, K
W IR & 2T tE D A ) IR OFRERIET — 2 s (SEUSAE) ZEFFCEH CE 5V Ial—rva VET VAR LI, K
ETFNLEMAL, Fr—Vv =TV 7 ORBEME I 2 L—1a v LR AR CEOW -4 F T8 2. 3um DN T
HDHEEH LML,

% 5 # [Experimental Verification of the Device Simulation Model Validity] Ti%, 4 = TRLIEZY I 2l —varF
EORUERIET D H#HNE LT TS AV I 2L —Yary THWEATYET VLRGSO AE Y RIEKET A NT /34 A
ZHWT, WEIER T RNRR AT o 7o, HROBGR CRERICT 7 — 2334 L7z (Multi Cell Upset (MCU) 334 L72) &5 %
LNDLOEHI, ZOFREAETVELDOLAT U NERENLT ¥ =V =7 U > T ORERIHZ LY -7, £ OFER. MCU
WCEENDEATVBLOKIT2OFETTHY, 1 DOATIEADLAT 7 MHEMEA 1.8 um X 3.0 un THDHZ ENSLF v —
Dy T VT ORBHMITREART10.8un’ L b IND, A OV I al—va b BohieFr—V e T ) S ORE
PR 2. 3um DN, T7205 16.6un’ LF TH D, ULEND, 4DV I 2 b—3 3 UL D PRER & EBRIC L 5T
FMRTIHEFREORENMF LN TNDEZ LEHALNILE, £, RETHERMER LV I 2L —va VEEROZEIZONT,

BEIGRY I 2 b—va VBT VL ERIEE & O LI R DBESDRBIIOVWTHEREEZ LTS,

% 6 % [Considering of Charge Sharing Tolerant Memory Circuit Based on the Device Simulation Result] TCl%., AW
RCRETDLIT A AV I 2L —valilibrFy—I =7 VU TOTUFEEZANCMFYy—2> =7 ) 7 AE Y [EIEK
IZOWTHR Lz, #EE6 L <M bNA TV 5 Error Correction Code (ECC) 7/L= U X AL 3 HTRELHIRMEIE 261 & LT,

Fr—vv =7 VI Lo TRRHCRIBRE T — 4 PRELE Z LTIV RV AE Y BV RLERFROFETH L
Fr =T =TV ORBRBASTZTHL CRET D Z L TRAYCMT ¥ —V =7 Vo 7 ARV EREMKRTE D L %
mLT,

% 7% [General Conclusions] Tl, AW TH LN ZRIE LT,

% MSCERIT, A3 2000 F-& 330 300 #F% 1T ORI 5, b L<IFHEI 800 7F% 1B LT ES0,
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The objectives of this thesis are following two items:

1. Establishment of the estimation method for charge sharing phenomenon by using the device simulator.

2. Suggestion of charge sharing tolerant memory logic circuit based on the above simulation method.

Simple device simulation model which can simulate the charge sharing phenomenon by calculating the drift-diffusion of
injected charge has been proposed. By comparing the test results of actual device and simulation results, it was clearly
indicated that the charge sharing affected area of the test case is within a radius of 2.3 um circle. Furthermore, by using this
simulation results, charge sharing tolerant circuit which using the algorithm of Error Correction Code and Triple Modular
Redundancy has been considered.

In Chapter 1 “General Introduction”, the background and objective of this work are indicated. Types of EEE parts for
spacecraft are introduced. And differences of characteristics between electronic devices for ground use and for space use are
explained. Electronic devices for space use have been also become high integrated following the Moore’s law same as
electronic devices for ground use. Space radiation effects has been serious issues in such high integrated electronic devices
for space use. Therefore, it is significantly important to establish the estimation method of radiation effects and the radiation
tolerant techniques.

Chapter 2 “Radiation Environment in Orbit” introduces the radiation environment in actual orbit which is the electronic
devices for space use are exposed. Radiation types which the electronic devices are exposed are different depends on the
satellite orbit. Characteristics of radiation environment depending on the satellite orbit are explained in this chapter.

Chapter 3 “Radiation Effects on a Semiconductor Material Devices” indicate the various radiation effects on semiconductor
material electronic devices. Detail mechanisms of SEU and charge sharing phenomenon which are this study focused on are
explained in Chapter 3.

Chapter 4 “Charge Sharing Induced SEU Simulation by Using the Device Simulator” introduce the device simulation method
simulation model for estimation of charge sharing phenomenon and SEU which induced by this phenomenon. Estimation
results by using this model and method are also indicated in this chapter.

In Chapter 5 “Experimental Verification of the Device Simulation Model Validity”, validity of the estimation method which
introduced in chapter 4 is discussed by comparing the result between devices simulation and charged heavy ion irradiation
test for test memory circuit.

Charge sharing tolerant memory circuit which considered by using the estimation method in this study are proposed in
Chapter 6 “Considering of Charge Sharing Tolerant Memory Circuit Based on the device simulation result”.

Chapter 7 “General Conclusion” summarize the results described in chapter 4 through 6 and conclusion of this thesis.
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