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ABSTRACT

High energy particles in the earth’s radiation belts cause transient and long term effects
on electronic materials, devices, and integrated circuits on board the satellites. Hence,
it is very important to have the information on the space radiation environment and the
damage on the electronics caused by these high energy particles. One of the radiation
monitor devices frequently used in space is RADFET, a specially designed MOSFET
with a thick gate oxide region. The present study focuses on the calibration of RADFET
TOT500 using the Co®®y - ray source. The result shows that the response of RADFET
is very sensitive to the change of temperature. The peculiar behavior observed in the
TDE (Total Dose Experiment) on board the KITSAT-1 is identified as the thermal

effect due to the change in the eclipse rate of the sateilite.
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1. A &

AT A7 AL 01233 HEF E2rl2 iy 3 AAES FH LI o] dAREE 7HE, A
2 2 o] EAF e G8e A ET (Kivelson & Russell 1995). £3] 3% 300 ~ 6400kmol] 45
= QHE ul 4P (inner Van Allen belt)olle oA FAI A} (10 ~ 100MeV )t AR} (10keV ~ 5=
MeV)Eo] Zo] A8t 0|2 A F A7 F¥e whALM #7 (radiation environment)2 1
AT £E£91 UE AAY N FFou AA A2 E &I T ALY S 7
A 4 )t} (Garrett & Pike 1980). Lol A] kg2l el AR e FA42 5, SA Ao gt SR
EA3 Z&3tE whgo] @HRAAT 2A FAR| FTHY S SE wA A g3 A E. &
U WAbA o) g o] 3} vkgol i g & duvte B2 9] Al T2 Wgle|th ol 2l g AN ATt
ols] 1434 & TID (Total lonizing Dose) effectit SEU (Single Event Upset)$} & gk-& wA |
.

1992'd ALY 28 135 (KITSAT-1)cll = o] 9 22 7|23 WAL &3 S8 AT +5F
37 273 A<l CRE (Cosmic Ray Experiment)?t & A = o] 9ltl. 2 % TDE (Total Dose Effect) &
ZA38}7] 98 A} 8§ RADFET-S MOSFET (Metal Oxide Semiconductor Field Effect Transistor)2]
U ZF o 2], MOSFET®| A2 Y o) MOSFETS 2% 54 B Age] ¥ales 2 & o] &
& FHo|t} (Zaininger & Holmes-Siedle 1968, Holmes-Siedle 1974). 5 o] H2l7t A& A< FhelA
o] &3} WAL 9§ 2E A a2 pE3o ma YAA I B F AR S ALY 5 3l
.

B AP E %2 13004 A48 RADFETS] 232 918 948 AF2e n&EH WA
ZA 0| A} Co®v - ray sourceE ©] 4T AP L FH AT} Co¥y - raye WA o T2 o] 23 W
Ard oz Ay Bagth §H o) o & annealing Si0; W2 hole trapal 2t3] holeE & &43 3} A7)
2 (Lelis et al. 1989, Simons & Hughes 1971), ol & &8 Aol Wale] mj ¢ F 23 285 817] o
Bl (McWhorter et ol. 1990) €% ¥ 3o 0 & Waild 24 A= i J714 Y& 43
g $-21'8 134 %73 RADFET data® 48t $28 137122 F W3 FS 78 F R
At

2. 0|28} WAM £H7| 242 MOSFET

MOSFETE 98 AR 27t o ¢ An AFE HA AR et nlA 23] etz dEel A
A3z 59 Axto] FESsHA 2#ol1 Ut} Bipolar Transistort} solar cell 5 o] WA & 3}ef 9
& WEEAY A5l A= A @2 MOSFETE 2% ¥ Wats 420 k. o3| §
A 2] Mg o] 43la] MOSFETE ol 23} ¥t A &7124 AHEE & ok MOSFET %
% e th23 2t} (Srour 1982). MOSFETY] gateol| biasE 7}8}A] &2 el oA & source®}
drain Ajelol] HFE Holx AF7 52X £l 9 gateol] positive biasE Z A p-type silicon W 9
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% n-type silicon A}o] o] n-type channelo] &5 A €t} o|ul n-type channelo] B/d = o} source®}
drain Atelol A {7} 327 Al2tsle o) 9 gated] bias A V,, & FE Hgtolzta ot & 14
U= gAREolv #2bt Si0,0 YAME | oxideo & YAE Y ALY o] R] o] vl 2 3FE electron-hole
pair7} A B} A9 Si0,90 A electron®] mobility £ ~ 20 x 10°cm?/V sec®] 1L hole mobility &
~ 2 x 105cm?/VsecO & electron®] holeR T} k1005 v} A X W22 2 electronS & HAF & wet
o] Z3ta} §lolA A hole?t FAECE o2& holeE2 gateo] A2 biasol wa} A8 o] F3ch
7} oxide W 9] hole-trapol] #3174 Fo] *4sE HAIstA A} (Zaininger & Holmes-Siedle 1968,
Holmes-Siedle 1974). ©]2 ] 34 ¥ % 3lE, P-channel MOSFETQ! 7§, 2o £ bias A4S A4
A7l 48E sHA Fl=2 MOSFETE &€ Aol ¥3lg 24 dr} (Srour 1982). o§ 714 o] &3}
WAL o 2] 8l oxide ol WA H space chargeol] 2] ¢ FE Aol Wsle o3y e Aoz e
d 4 qlch

JoRoX 1 (M) + g(t) M)
A tox e oxided] FA(um)ol i, Nox+ hole trap9] local area density, N;= interface state den-
sityo] T}. f(N;)E interface state creationol 2]§ o] 1L, g(t)i= trapped-charge leakagel} annealing®ll
o]t ot} BE Npy9 g2 10%em~? F =9 H|, N,& oxide growthe] 2o ula} 10¥%cm 2 o] 3}
2 2% 4 913 E3) P-channel MOSFETS] 7% 2 HUx7}t B & 27) u) &l interface statec] <
g 8 TAIE £ Ut g(t)E F2 250 2§ thermal effectol] FoFitin Qztslaz dFF &
2o A% olqgx FAIE 4= Q. o] 23} WA o) of&] YA H trapped hole®] annealing™ = 7] %
& thermal emission model2 7] &® 4 31T} (Simons & Hughes 1971). o] Rdl & 2 =7} ZF7}3of
u}z} hole-trapoll ZH8] $1W holeEo] ¥ & 02 84 3l¥ o] oxided] valence band& & 7] 5] 1, valence
bando] D& E0]7} holeE-2 silicon substrate 2 #WA U7 He 33 & 713 olds 2571
228 AL sloz B8 A Wlo] 2t uX e S oS Ze] AFH o ALE 3
c}.

—_
[~)
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9] el A P,3= trapped hole distribution functiono]th, & =7} A A $£E p7F Aol & A& &
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£

I Az 2 kAo 427t A F o] bias AL n] A Gsko] Zo]EA Hrh thA] Tetd £ At
ol MEE A7 E 98L stA dot. =3 PoL 27 ™, & Roll vlEEte gl S FRE Ee
7} At} o] AL oxide W]l trapped holeo] Bo] UL 42 2= AFHst § A VedtiE AL

olv) 8] W 2ol }.

3. Co®y - ray® 0|3 MOSFETS| §4 34 &3

FolNE A ol &3 YA4 Y Fol ©hE MOSFETS 54 FHel Wag 23
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1.17MeV 9} 1.33MeV 9] A A & 713 3B2LE WALEH7) df 2ol @A o2 T B2 F 1.25MeV e}
T A= Fot o2 @ A diel FAE HFE Compton scatteringE 3t9, o] 23k WA o
22X B9 oA the] Maht Aot AL w3t A7E Bt} (Ray et al. 1992). Co® BFALA
Ao 25 54cm Boj R Foll A4 FRE AXAA F % ol 2= A7 3 0.09MeV (Si0,;)9)
dose® W=F 3ttt Ao A FE712A4 98] AHE-E = TOT500 RADFET-S AHE-31%
t}. TOT500 RADFET 2 P-channel MOSFET S /235 22 2 3 ¢toll K-typed}t R-typec] AT} K-
typed H.% 9] MOSFETRE T} oxide] F7| 71 2u] F72 31, R-type-2 108} St} K-type HL 49
o} dose7t#| ZE3t= FHo] UL, RtypeS 5% 92 Ax|vk o viztsitie FHo] sleh

A 22 Ao dHYsA FAATIVA F WAL o BY At HalE 233l 2
213 S AFHE AUt o] ZF oA R-type2 FE Aol 7V Hdt=d 0.015 Mrad (Si0,)7} ¥
8.8}3L K-type -2 0.16 Mrad (Si0;)7t B &% AE B ¢ 222 R-typeo| oF 100] 11743 AL &
T Advh 3 A W ATl FA B %Y dosed B H B2 K-type?] RADFETS A}
g8t Aol Agaict

T A 4P 2 Wl o AHRE A8 Hsle FYF FaolM FYRN dose o2
el WL o] 4N B¢ FAEHon 258 18°Cs} 72°C Aol M F F7] For WAl 7
AAER TS 2 AE 29 20 JERA T, o] 2N FHA = 7)) 9] thermal effect7}
g ZA vdeEdtEs He) FEHEG

o9} 2 At UL ol FE dose?t F718 42 hole-trapell 72H3! holeEo] Z7}8t 1, uhatA
thermal emission®l| 2|8} hole-trapoll X ©& %3} hole?] P E Z713}7] W ol YA} 4 E &
o] 257} 72°C 2 o, dose”} 0.08 Mrad?l 73 9+ 0.9V THZ9] W3 E 7122 o ¥ls) dose’} 0.29
Mrad¥d ®Wl= 2.5V ©t& B¢ At H3ld) 33 Fr} = dose/} Z4E thermal emission 7}
A et AL vl ol = 271410 9] trapped holeE X Py(¢,)7t 28 At ®alo] Bol 714
FAote AL gnsl 4 (2)dlA 71&E vle) 2ot
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gt o33 22 AHRE AAr)t F Dose ¥ F7tel el S0 2 HolE FE HY9 ko] #4
(Aage F7hageh Agode 484 2a4S Roltrt ojx A= AV XeHE AL B
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