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The development of radiation lifetime measuring module for KAEROT/m2
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Abstract : The electronics of a mobile robot in nuclear facilities is required to satisfied the reliability to
sustain survival in its radiation environment. To know how much radiation the robot has been encountered to
replace sensitive electronic parts, a dosimeter to measure total accumulated dose is necessary. Among many
radiation dosimeters or detectors, semiconductor radiation sensors have advantages in terms of power
requirements and their sizes over conventional detectors. This paper describes the use of the radiation-induced
threshold voltage change of a commercial power pMOSFET as an accumulated radiation dose monitoring mean
and that of the photo-current of a commercial PIN Diode as a dose-rate measurement mean. Commercial
p-type power MOSFETs and PIN Diodes were tested in a Co-60 gamma irradiation facility to see their
capabilities as radiation sensors. We found an inexpensive comrnercial power pMOSFET that shows good
linearity in their threshold voltage shift with radiation dose and a PIN diode that shows good linearity in its
photo-current change with dose-rate. According to these findings, a radiation hardened hybrid electronic
radiation dosimeter for nuclear robots has been developed for the first time. This small hybrid dosimeter has
also an advantage in the point of view of reliability improvement by using a diversity concept.

Keywords : radiation, pMOSFET, robot, dosimeter, PIN diode, hybrid

.M & olof 3t} AT A Pek=gjol AWR AP BA
28 YAdME A £ H(Full Power) &3 59 A Zxel WaAlA3l 44 71 100krad ¥ 92
ZHAAl dAdme RAL ojfolAEE AF A= WAL S 73 AT & UAe o)F BRE 4% =4

9o A7 a7EY. 44 Bg=gol KrdgA Yz} vlEe 73717 o6 g AAoltt. ol wel nFE
A FZ%(Loss of coolant) Atz @A E AlHIE Ry WA EE AL olF TR gAY L) ME&
g 3 F 9d FAE ¥ "aesidan @ & Yt WAL A Al el sidte] "R 3dA Hd

oleigt Hgeol ool o UM o=y
(KAEROT/m2) A 2~®e Zgcszlol AWy 23
F A ARR™Y FY L EHoz Mg Aiad
1). olF 2R HYPF 7604712 Bd=go} HER
Fo @ € enditting AAlE olF 2R} AFd] B
< A e] HEED, 28 U chary WA o
Z2 Auiyoz whatade o3 2R Aojne T
ARLF A7 d3ge nxA =Ho] 28 %%
2 AHH e 9]l %C}

I} WALA o] ®7HE BEo oiE = HE dia} Y 1 ZF=got AHR HAME X
Ao FHZFLE FAS B3l 24U oF 2R
Abd 87 AYF A gF oz A% 473

J17eln Q%Z}% o HAY £ Joh F AAEL
o7 AZTHE WA ZH o fAde 2R
Z 73 -4% watd el HAAXNE 27slr) AP
ALY p oz RE A Xo

2 EgodE A2y v AMZA A 4
£9 PIN thole =9 ¢ pMOSFETE o83 ziv}
A %% wARHd = Al (HERD, Hybrid Electronic
Radiation Dosimeter)2] 7f@to] @3t 7l o]
AP % 98 ¢4 48 PIN tho]  =(PH302, NECA)S}

A3 8o A% gl 43 sh8) pMOSFET (182, s|2hAAhE Co60 Zrhidle
28 HA St o]t WHARA ”H_‘H% Fastn 9l ZtE HRAAHATAE AE9 ZAANAAN HE

- 793 -



Apde) e Ztzte] 954 ¥s

L
A
=
ok
b2
£

2. Y MME o/ 25 W
7b Bt o] A 9%
1) pMOSFET
MOSFETE 293 2 $X L8032 AlLHE WEH
Ao dFoz A AHESFGIO)CR AAE A
olE 9 7} kel 9] AojH=d HoE H<to]
EHAR(V) oldeld AF(on)dtx, I oldte]ld A
2| (off)3}A] ETh. MOSFETe] o] &3 wrilie)] mZ g
At AFEF AN TH ATl 2ojA HE
AR ol vlEsle olFo] 7t g WA FFol WA
gt of AR AFL 44 HAFX ABE}NT A
T AZEE AstEe] AHE A wFd oy oF
a7l 8o o] of p-MOSFETS] AolEd) %o LS
A7bstA A Fo vid olFAo] ofF & AAE WE
&2 2 AoJE HFoz o]Fdla 43E L viojuA
He, 9t o) Fxv} e FFTLS MAF B s}
o o|F3}. ol Z|@HFoz o)Fde HFTL A
FE5F Yo A3t Si0:0] Bgdg A% e
#3 JZEYPoz YAHYE Iz, Si/SI0; 2HS
ARANE EF Az g0 o9 AzE
(hole trap)} AW E Y (interface trap)o] p-MOSFET
A% Yt AAZ FgHnE o Uule|xd
ZE(turn on) A717] AAME A FHY AR B
g 27149 AAE FtAFolo @ik o HE WA
Ao vlastd FAss Ao AANE ¢ e A
& AJE Aot £2F FFAL F1 U}
T AL gussd olF WM uE g wiHde
Vol W@ Aol a4 ()elAg o) EdET

x
Y
X
»

o —1 ¢ T
AVT—C—OX/o Dpox(z)gde @

4714, Coxe A8829 FALR, Apox: 28
£2 A3 wxe W, t= MREIY A, 281
xE ACE Av9RzZ R 2R Aot}

322 Vr g MOSFETE WA AA2iA ¥4
87 9% Fadsy @d. MOSFET ERY) wHALA
AME ARl B Sxo mel BAM U WNgE
gt ALg7ts F M W9zt melgojer @
MOSFET WA AAe 258 ™37 SsiiE A
oE AFo) dsttE AL A, AoE XIE
9 FAE zAHRAY, AEE o|F FzYoz =
& AFste Yol Ao Awkmoz wWAM 5
ofsl M9 MPAZ AEEE MOSFETY ZEs Uzt
Hol} $3d4 AR o BHoh 2Es} Folop g}

167

2) PIN tole =
thole=o] o] 23 WAldol xAMEW A4 oY

-79% -

(Intrinsic Region)oll A AA}-AF o] At ol

Bl A7te Hubolojzel o FAE HAAe ubet
FFoz A FFol FHHA mEA ojFHE HA
oA kel A QelN MY & A 27 T3
A €.

I(t) = qgyy(t) WA @

94714, q& HAxe AF, JHe AA-ATH
Jem®/rad( 4.3x10%), v & AN S, WE Y 999
F7, 233 At dol2E9 Aot

A F29 dArAe os AAdsEE AR B2t
Z99] BAMo] M= MR BES YA
3 o] B AFE £ WA A d) b6
tate B4E 23 A7) AEC e PAAE A
A ol W AMSE F STk

3. ALY x=Ap MY 2 AN
7h AR A A9
1) pMOSFET
A& pMOSFETE WAtd HAZAZAM o] &37)

A% A HPL Co60 FY VA RALAA o)A
Fysuch. 43l AHg® MOSFET £32& HZE
E AAA A713 £¥F5Al FUG A Folr A3
@ stk Abe] J182 2748 AT

E5 7 9AZ Uro Abddl A WS =
AbstEA 2 Eelog HYAH EAQWEE FFdA.
WALY ZARA] MOSFETS] AlojlE A2 DC 6V
RS Asta, A28 =¥HAL adL=Ed HA
NAEH, o€ At HEoz Q3 ¥d A%
AFol FA AAFdE A PAFLRA AR
W FES Eol7] Mot F A MALAY F
WL 100krad2 ARSI olo] WE ZAMGL AT
2 10krad/h7} HxE . dF <A N2 O&
WAL FE HE37 f48 1~6 DAZAE MOSFET
E HYozRE 189eme] A AXNH=F nAPF
& (10krad/h), A1ZtE ZAst F AN HE o]
ZAFHEE Fon, AT 7 dAlAE 4F At
2 Zo]7] 3 HgozRH AHYE 7lomd Fu &£
7 A%E 50krad/hZ o AN, & 499 F
HZ A2t 360%, ¥ HZHNF 100krad7t HES A
th o] HEF FHE PANEE ojF TR uPIARM
AAA AXNEE FHE Rolth

2) PIN XE tjo]oE

Age] A12¥ PIN tho]@ =%t NECAS] PH302¢)
t}. PH302& pMOSFET$} wl@d7txg ANEH AN
ZAA A Alde] AAFH WHAMNFLE 2AEIATD
Azbd 9A wapMEe z=AEEA 2-gdez PIN
GolesdA HAHE A AFE A% #4A



mto

rgahel AWEAT o WAMEL 4A ofF =
2}

=)
5o A 3 42 Bd=oli Ay YeEh e o

APdET vy WAz 4y golw, orlel Rt
Hog dix & 48 BN U £ e &

& AFg e HAA7AA WA S s Folste 4
doll A3t

Y. AL =AY A

1) pMOSFET

WALA AL GA M 9 @' MOSFETY) &8 4t
AP S %37 1% 2F @AldlAE MOSFETS]
= wxlol] 3 FHF(GOHA)E FFsHEA oy
YEh e AloJE APE 9ol 9 At goz =3y
gtk A7l 2@ J182e] SHEAHL a9 29 2

gen, of 2HEA ANE BAG 2 PARH 2A}
ol we} 28 EAAHI} 28%o2 ¥ o5¥E
% # et

29 3 FA PR O Vr wol

% 39Me 2zt A HEF dig [182 power
PMOSFET®] Vi ghe] Hals zAL WAL o) thshad
YIS o]R& pMOSFETZAzte] thdte] zhwpal
AN HEe] olgA JIL HAEIE =4Fem
BogFe RozA P AZeg g vy Wit
A AFAHoZ wAgstaz oA WAt 73 4
ZFA el AMzAM %1& HeA e HeEn.

a9 39 aHxZE F HZd vr Wzl @A
MY Aol ol Zlﬁ MY = aX + bog 2
AR o ojs} el =EE HAMwAH A9 A
£ a7} 0.029, b 15060tk & WALY ¥ MFE g
M2 Vr 09 &4=2 otdig Lol vehd & Utk

= 0.029*X + 1.506 (3)

2) PIN tholo =

29 4E 71248 PSR AEHEA UL
2 HP4155 vz A W F37E BEA 7g§ -V
$e aYTE TAE Aoz L3 B oulolojx A
2ube JehhRih o] 39 PIN gole=9 @,ugaot
i 2AE AR wEde 542 dede
# Ztztel 7% PIN trolexo] ivkgh Ju el
dsiMe duHez Fe J¥T A He A& ¢
F Uk AN ZA 7] REcMe MYLRE Hi
A7) 98 e wpolo|2E AT AEdA AHE
o, oG Wez 2 Y dAdMY HAF
WAL &I AAF Alole] #AANE =AIF Zeol 1¥
5o]th. o] mejmelA A SA7F st AHE AAF

=]
i
=
]
B

L oA e

& Abols) AR rE HYSA GEE FA P
A e
Y = 548E-12 X + 2.77E-10 )

=

2 BHo| Aseth o714 YE FAF, Xe IE
A g ol ek,

Al WEAN PIN Golesclye) HE #AAE
A 44E AR Aolde waAwAt Yy o
aAE Ade F4z 28T 4 Utk o wrE
U PIN golo=8 o&ad RAUIAS AASE
Aeo) AR g4z AST

ot 2.

5 ses0” 4
ve

aY 4 A EA A AN BAF

Cument(A)

? 8oz ¥ %

T Dose Ratscmam)
a9 5 AFE AEEd T AR

4. 222 MTA FH
5}4] pMOSFET$} PIN thole=e] whAbMak/d&
AgelA =2 daApde e WEA axte A7H
EQus BARSFE Aoz ojf3A HA o)F W%
A 2AF PARA FA AXE ARl JHsdt &

- 79 -



9E w3 PAdF) o5} WY pMOSFETY £
AgAS 248 PAAL g tolesy 44 #
AR ¥ AW 2o Axe) g PANB/
HEge ¢ 4+ YA 97 @R 4Ye T4 YS
@ WA 2Ae PAHOl B WY 24 WP
& &3 Aoz AL ol WgHE WA
NF/Hee A5e2 JERE $ e 2EE 29
63 2& ¥rlz 44 ARsiA

2% 6 A% REUR)

97l MOSFETH & 43¢ F3 238 ¥ 2
3 =49 AFH1)E /3L oju9 AelE A
< F3oq FHAYLLS F&3c AAF H4S AL
o A% A Y 28Yoe FHIYYG. 1Yz o
°JeE F& 4% JAR(IV)E A7 @ AEdA L
AHdel ojE telezo RaRE MY # BF
X FF3}q FHde WHoz BHSFA FHIHI
o ol B 5§ $AA dFAY AR AL o
T 2R FAYPAEA AL 7ol AL A
o] AR BEL EF ARG WAdE M A
A AR FAToZA HAE BRI B
AFd A& g A% BEA4NRSE HA3}EHU

2 2% B P AN 5% PAE A
Be 979 olF 2R Aoty 3ide] BAGHL 3
. F ANzRYH JdYse P FEZY &3
g 4749 AA 6 dehln, g3 A T
A 9 71z Fo) PIN telecz Ry waase ¥
At &9 Fro] pMOSFETOA E5d 73 LALdF 9
@& shie] 2HZ FoA ¥im t2Fdo] e V)
sol Atk oz o] F g Aolst AHYE 9 A
AANE 23T A WA AGAA Y dzy BF
Hol 2N A LeFE= 41 715€ HAT U

e FRHLE U2 AM 459 Az I
ojA A2 EAeo] & F TR ANE AE3A9 &
4G HAME g AGSte F oge vingoss ¢
A g AR gEAAAAM  27HE O%A
(Diversity)®} t©}% Al (Redundancy)?} 71'd& A43lo
IFY AYE olF ZRAM WA UP SR
I AR AR U NIAZE FUHAAC

5. 38
2 =BolAE A7k 449 PIN tho]2 =9}
PMOSFETS ol &% zobd B8 WA A7 A
o Bl =aAATE o1& A F wEAd G @

AP ZANY S T RALAde diY 2z 238 A7
A 54 dsks 2AN3AG. WA 49 29 goele
=& 9E WA g W3t uddie BARE ¥4
3tglx, MOSFETE ZAME % 3 A& uials
o EYAS WPR o] Asele HY¥H 54 &
F QdYn o] AANE=RE A49 %9 pMOSFETE
tobd F FA AFAMEZ, £F 489 PIN thole
Zopdel £ HANE AMZ AEEY F
WAL g 7 HAdE e FAE F e B
A ZA7E BY 2YEER FHIUDT
B FY A ZArle EF AR AAMolnz
AR 22 HAAF Aol sbsdtte A ol gl
el 77l R el F R N2 & 549
ANE AHg3ta 59F PANFE AZE & WA
gozxd tgdn dFAde MdE HEdo 449
AA S 2R AT FAE AF A A
=5 Fd A%

g3 A A7 FA A=AY A GAVIE B
7hste o/ FARE HA §R AAVE AR
o o)t

o
t

o g [n

Fangd
(1) P. N. Cooper: Introduction to Nuclear Radiation
Detector, Cambridge University Press,

Cambridge, pp. 84~96, 1986.

(2) G. U. Youk, J. S. Tulenko, H. Liu, and H. Zhou:
"Radiation Hardening of Robotic Control components
Against Terrestrial Radiation," Proceedings of 1995
Florida Conference on Recent Advances in
Robotics, pp. 248~254, 1995.

(3) G. Mackay, 1. Thomson, C. R. Hirning, and M.
Zeya: "Gamma-ray Dose Mapping in Operational
CANDU Reactor Containment Areas using MOS
Dosimeters," ASTM publication, pp. 441-446, 1994.

(4) Geun U. Youk: "Dose Rate Effects of a Bipolar A/D
Converter,' NSREC ’96 IEEE Nuclear and Space
Radiation Effects Conference, 1996

(5) A. ]. Lelis, H. E. Boesch Jr, T. R. Oldham, and
F. B. McLean: "Reversibility of Trapped Hole
Annealing," IEEE Transactions on Nuclear
Science, Vol. 35, No. 6, 1988

(6) Andrew Holmes-Siedle, Leonard Adams, J.
Stephen Leffler, and Steven R. Lindgren: "The
RADFET System for Real-Time Dosimeter in
Nuclear Facility," IEEE Trans. Nucl. Sci., 1983.

(7) Andrew Holmes-Siedle: "The  Space-Charge
Dosimeter," Nuclear. Instruments. & Methods,
vol. 121, pp. 169~179, 1974.

- 796 -



