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Aol EAE A 9 Ve HAR Y
A &AL FA Y JRoE TREE F g F
AR A A (electronic  stopping)$ 3 A A (nuclear
stopping)ell 9l& oA &Holg, AAAA e 3}
AoA $FHALA YA B2 7a JE dR
9 JUYAE FAsy olgd IS Agdy
A} £A(jonizing energy loss: IEL)o]2t @t}
gy AR FAGNA A7IE Adx AN
< HAZAUR] &A(non-ionizing energy loss:
NIEL)elgt &t} v & £-FHhAlado] NIELHA
A IELHAAAN 2ot AL ¢ QYA E &4
A $FoAM  AEHE AFIAS bipolar
transistor, charge coupled device(CCD) S3 %
< UAAAREY Vs FFANE AR
NIEL#AdA d=dez o ZsA dehdo,
[ELZ NIEL 849 722 $F4AM9 £79
ne FFo a2 o & W FAANE vlA
sdztolzl WEol AalduA &HoM vlag
Aol gk 1 W AT AdQRtelr] W E
o AgeiA] A s &} 18
Y FA YA BEF oW gz ¥
(displacement)& ZA 4o 4 Q). whdd] A
249 FAE 429 HAE R A 9oy,

Helux =dE

B9 AR 7](electronic excitation)= Ux}F
o2 1 Edol HYYHE Solrte X4 wi
A oy 719 WANEIHE dot F&Y
AAREE o $ &S A ZH~pico-second) ol
HYL4HE EBolztth. 223 F£& 1 FHLA
A HAFE oA &= 3 WAL 9syo
A4s A AT A Gt A AR A7)
£ AzR-AF(e-h)B & =+ W48 3Hinternal
ionization) @424 HFAYz EAE 10°
s~10%¢9 Al A4 (time constant)® Z1A e-h%
of MAFsFoZN oFHAY, AFNANN HAE
T e-h%e AAZ 2 Fod 432 713 + o
= 288 JFF MY F2% AL o2 ¢
UAA & F(single event effectt SEE) #Atold

SEEd & @Y A E(single event upset: SEU),
G YA AH M (single event latchup: SEL), ©YAl
A (single event burnout: SEB) E ©dAA
Al o] E 54 (single event gate rupture: SEGR) %
o] XgdAt EAA AAAQI|IME FA] e-h
Aol A7Y, U AAAY WA HEd 9
3 A71H age &I wEAY YA HEF
ot v$ dad 2dAe HP4dz AFY
571 9% AASs dds 2zz JHIE
(integrated circuit: IC) 7]&olA 92 AH&EHI
HAAA  olikstA e (S0l A4 E
e-h%2 Ao 9ste 43 GEHE FAH A
AEL 298 AEG AAAU TFH gl=
e MEA 8dh 1 Fob AII(SHAIEY
Aol Ao st AZretA %shd 4 o

o] ==
M

viEeliu Xl =aaet

SFHALA o g3t A7l FEAAAE, solar
cell, bipolar transistor 2 charge coupled device
(CCD)F 22 wi=A Fu] 5AXM9 A$E A9
3, BAgduyA 4590 FAED ¢+ I 1
AU ST @A A vdgdyz &4487
g FAE 4 gl 283 AuE FoA NIELA
ot B E WY EAH(displacement  damage)
2 e-h%e A = BT TF AR X
A ol2A Hrh 1 ABE solar celldA
Btz AP A 8&(solar power conversion
efficiency), bipolar transistordlA]  AFol5
(current gain), 283 CCDYZ71oA A3le]A
& & (charge transfer efficiency) 53 #Z& 23
ANA dARTFED FAHE 750 F4EE F

At

IC J1&0 tfst WAM S3}

g, 71g wol AgHIZ UYe IC 7lee
CMOS(complementary metal oxide silicon) 71&
7} bipolard* 7)€ o]t}

(1) CMOS 7189 &%

- .CMOSE N-channel MOS 788t P-channel

MOS#HH & &7 Algste IC 7124 A5E3
Aol A 2 FA89 A4Hdissipation)S 4 83}7]
Fol o] FAE B3 FLA 33 JYE FF
SFAAAA AF3] A7dE ARAeFY
ojt}. MOSAH= dithg7t B A (carrier) 3| 0} 7]
o] CMOS 7€ A%, BAde A&der}
A 2 A 9EE 7A AR ¥A
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(2) Bipolar&x| 7|9 &%

Bipolar AztA|Fo] A WAMA RAIHA F
F9 WS 93 e AsE TIA A
Hol TuAdAd dFS 7AW 1 FA e
A2 2(Si)9 webA  EH 33 (surface
accumulation) ozxry  FTdAAA(surface
inversion) @/ HAAe WA ¥IE %o
F ok =& SifSi0; A-AA THAEE &%
€ T/ AMEHE =AY 2A bipolar
ICY AFoIES dsAZ 4 Utk ol st wA}
A a2 gdA e d4ez =3 ICUY
bipolar transistory ¥ WAINAZE Hrl 93
] W& MM FE 2AE 9 o wEA 1
ol Fstdti4]. olgid Aze MOSHA A
e Ade ddeld. a3y 29
A3 F 7499 A 5 e AR
9 FFY b gt 3 RSEAE
bt A ollAe] HAH dAdes FEstza

AZdelHE AAsta SithE] & o2 A,
Aol S-FoA Folz AHE SFIEEF
AMAE AFAANY bipolarF ] & WA
e WA BE5dAtd] weq A - A3
Aol wjg Fag AL & & Qv

22
ST
&

o]
A
2|

off

2 R 10 ox

ff =2 ol rir a2 o 4
AR Ay

7]

=

L

Lo O rQ o

FFEAE AAAFE Ve
kus

FFFLF BHEZZ YA PALM S dig UF
A AT 3 Z2(circuit), FX(system) 2 1L4E
(device) &9 HWAdol Wid Wi 8 (hardening)
g 2oz H HZ2E 4 Utk g2 4 1
e HATAE dAHoZ ¥ W, I A4
© AARAY 715E FPst=d 223 v4A
Az 2o fFEAd e FA "o dFo) F

AHH 2A3 $FAFAXL02 bipolar ICE©]
g3 Fo] AHFHAARSY 1980t T o] FH-H
CMOS IC9 W& Agias 1A 715849
MR oR sk CMOS 710l de 483 5
Atk

CMOS Jl&s

CMOS Al AQYEH S Z1
channel MOS$} bipolar FH| % B2A =& 3%
AHFE dow A gEY CMOSE ¥€¢ FA
AN ot ey HHARV Ade fT &
A& Yehgy] g @AbAde] FEd CMOS
7t A% A=z g CMOS chipe €€7]
(heat sinks)tt W¥Z(cooling fans)& AHE3}A|
GuMz AAFA A Fd AMEE F U9E By
ol ¥ HFe 7HEA4L 2t A1 o 7y
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Az QoA 27bA HHgol itk &, guardband
A+, field oxide %, SIMOX (silicon isolated by
implanted oxygen) A& % SOS(silicon-on-
sapphire) A& %ol SIMOXS SOS9 7%,
transistor Abolel gle Si EWI I EW IA
(inversion)ol dAE AFFAel glojAA Hoh
olg} o] AAA & AAT e 23td 19
vz SFuabAde 3 T U H H (single
event latchup: SEL)¢} 74 & AAE 4 ok
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344 7194 A (nonvolatile memories) A
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(1) ROM : Read Only Memory

(2) PROM : Programmable Read Only Memory

(3) EPROM : Erasable Programmable Read
Only Memory

(4) OTP EPROM : One Time Programmable
Erasable Programmable Read Only Memory

(5) FG EEPROM : Floating Gate Electrically
Erasable Programmble Read Only Memory

(6) SNOS EEPROM : Silicon-Nitrate-Oxide-
Semiconductor Electrically Erasable Pro-
grammable Read Only Memory

(7) Ferroelectric Capacitor and Thin Film
Magnetics Memories

HYEH3= J|&

SFAA AL AAZRE WA TS
Zte AYo2RE HEE FFLolop ded o
7S, vz A Qe wata A A
7t ATHAAA G Aol vl T4 #AA
o] Attt AFAEL T WFEY AT
Ay sES 2 v HEFAY A
3o Fo AHE P mAzgE A
%9 ARAEF of FFse Wddde A
Az Fujd g e F7hA 7)gel ok &
SFAGAA FujAHA 7)go] o AEAQ
o2 4eA A7l "= AT&TY #AEXAI=2
(power integrated circuit: PIC) 7]&& bipolar$
CMOS % DMOS (double-diffused MOS)E ¥ %
3 BCDMOS 71¢ & AL n 9t} 8]
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Silicon-on-Insulator (SOI) &x| J|&

SOz 71 A4 AA(dielectric isolation:
DDAA 71&3 SOSEA 71€9 ¥4 7|<olE
A SOl #A9 714 F83% AL 1A
WAL A o 9)ste] HAFHE “soft error’o] I 7
FAY 2FY X-A FZd oF Ed(upset) &
4 £9 7 92 HAHdatchup) LS AAZ
4 e Aol SOI #2E o839 SIMOX
(seperation by implantation of oxygen) TZ%

Dt H1HR 20014

BESOI (bond and etchback SOI) T+Z¥Ao] 7t
587 g¥o 2 AZF 7]Ee CMOS$ bipolar
IC AFA7Ned ddE 4 o ¢4, SIMOX +
Z2E 1459 CMOS AFd 82 & 3t

4 £

AAGAANNY ZF AAAEF 2 FEFY AR
271 Boyx] SAMAT £ 93l TUAAE
FHSEU)E #2249 soft error dA4bo] A3 AT
ojW 3JzoME BAYA LA EA 93 F
202 hard error7t BAsY dFA H2EAS
dole ALE YuH9). B3, £3ILA 719%
2ol A hard error@Ao] WAHH GdAAA ]
EFY9(SEGR)E ZAA Bt} olgd #HAA 1
quixle] $FuAbd 9 Az Ee 7 sHES
doz 4 Y& AR =L AFE FANE F

olth. CMOS A& 3z AM SEL a4, NMOS %

X oA} snapback ¥4, I transistorA
SEB &4 5& AAzznEed AAE 2Y§H
"ol o9 22 ddAld  @(single event

phenomena: SEP)& #HuAAZ/i«x A3}
7] Y8t} FHANE 78 A FAASEZE
#g FES & Qe vAAzIE J)ed dF -
o] #AE Ho I 7)go]l I AT YA
ZT 289 4 lojof gt}
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