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Fundamental Stadies on Thermoluminescence Dosimetry
2nd Report: The Linearity of The Response Curve
— The Cause of Supralinearity—
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Department of Radiology, Faculty of Medicine, Kyoto University
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For certain TLD phosphors, the TL as a function of exposure is nonlinear in a useful dosimetry range.
The cause of the supralinearity was discussed. In the Ist report of our paper, we discussed the changes
of the glow curves at the diffent exposure levels. In this study, we measured the glow curves of irradiated
phosphors which were previously exposed and heated.

It was found that the main cause of the supralinearity was the creation of additional trapping sites

by irradiation ancd that the supralinearity could be eliminated by previous exposure or pre-

irradiation annealing.

B & T
I. & i VI, T b ol iR
I, FERRITHES & o L =®
. SEERs R TLD (Thermoluminescence Dosimetry) 4005

1. &HT L D3 o B

2. ilESHc k% glow curve @ %k
V. % % U B, Rk S 2R CRBET RS A b

V. s E—supralinearity oL oW - TLD 339k % gD = L pcE, JEFI/INIT

AT OB NECHERT5 &4 < OF



890—(58)
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Table 1 Characteristics of TL phosphors available
from
(1)-(5): Harshaw Chemical Company,
(6), (7): Matsushita Electric Industrial Co.
Lid.,
(8), (9): Dainihontoryo Co. Ltd.,

PHOSPHORS DENSITY EFFECTIVE ATOMIC  EFFECTIVE ATOMIC L EMISSION
Ho (I}

0 (2)
ofen’ FOR PHOTOELECTRIC  FOR PAIR FORMATIOH  SPECTRA
ABSORP 108
L™ 264 (hoo) 8.2 7.5 3500-6000 A
1.3 (powpen) (4000 max)
Leliy0y ™ | 2.0 Canseon) 4 .90 5300-6:00 A
1.2 (powcen) 16050 Hax)
CF ™ | 3,12 (rowoes) 1.3 s PiARS AT 4835 A
(L0 200) WS765 A
CF,: ™ 3,18 (povner) 6.3 14.8 4400-6000 A
5000 max)y
CaS0: M) 2,61 thowpen) 153 134 4500-6000 A
(5000 max)
CaS0, A | 2,61 (pownes) 1.3 13,04 4500
Bedu'™ 3,01 (powner) 1476 6.67 3000 A
HagS10,:Te 'Y 11 0.6 300 A
HaB 0y Ta

() FMoOTLDTLEFEBTOKRS S» R
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Integrated TL as a function of exposure for virgin powders. Supralinearity of the

response is shown by the departure from the dashed line.
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U O W R X A R0 6C% LI T
D TFIRIZEZHDME T 1020 510°4C T B
. IEGHEY 7 °Clsec ThB. WEITIES 2 B
B i,

ML %Co, ¥Cs TH b, BEHIFH TR
BTN T 5 S Cffiotk. JREHERD
PR LR % DHEFHIC 31 % sub-standard 75
71 C# % Ionex 0.6cc chamber 2§ L1, = o
HRAmET I EDF substandard dosimeter  }iFTE 1
fo.

L EEREE

1. %8 T L DADEAR O

Fig. 1 12%Co,1%Cs v e X 5 #ff fresh powder
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Fig. 2 Sensitivity (TL/R) as a function of expo-
sure for LiF (TLD 100, 600, 700) virgin powders.
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2R ) |- T supralinearity %753, AR (7 x
10°R LI ) CIETLD 1000 Jf ATLD 700X
D REEERINEZRL, 7 x10RESHTCTLD
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100> TL/R it 100 R GO ¥ 3.46%, TL
D 7000 TL/R fliX#) 3.3 b, Fiz, L
WZTL/R i34 3 x 10'R CHIf1-3%. Cameron,
J-R. et. al.?, Suntharalingam, N. and Cameron,
JREDE T LD 10012 L, Marrone, M.].
and Attix, F.H.2Z T L D 100 needle typeic [ L
TlEEDRER AT 5, Lo L, LIF(TLD 600)
O TLRhfRikE & A STEEER A<, 100R
P> TL/R fEAENC e b, (SHRTEE, ih
& bR N . 7 X 10'RIBEC, TLD
6000 TL/R {iik 100 RIS DFT 4. 265 1 7¢
%, —Jj, Nalor, G.P.*® jz }|¥, Conrad N LiF
HOEMAEF50rads, Conrad 7 LiF 5364058 500
rads DA 5 supralinearity & 533

b) Li;B,O; : Mn oot itk 4R 13 W4 B
BETS5 X10°R ¥ CHEERE 27T 20 23 —&
TH B EIE 229, B ORI fE RN
AT, 1 x 10’*R M4 o TL/R {1 100R 4
BHF DR 3 5 s, —J5, M 521k Conrad
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BT B,
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CaF; : Mn, needle type 1= %Co v % B4 L7z
%45, 3 X10°R ¥ GRSl EEE: 2 R
L, 1 xI10°R @< TL/R {i5s 100 R JBLHE: D
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e) CaSO, : Mn, Na o S5 51 B 3 1S5
CERERRT. TLR i35 5 X 10°R 253§
L, 1 x10°R T 100R [BHHF: O 9 1.2f%1 70
2. 2L, 1 xXI10R Ll ECida&ado i iind s

(Fig. 8 &H4) .
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Fig. 3 Effects of different previous exposure on glow curves of TL phosphors, The phosphors
were heated for 1 minute after irradiation of different doses and then imradiated. The tem-
perature was increased from the room temperature to 300—400°C.
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f) CaSO,: Tm o TL/R {1 x10°R s &
Bhnafie, 1 x10°R A naloc #m L, 2 x
10*RJESF o> TL/R fiffid 100 R B OFY 4,251
7o b (Fig. 9£:8) —Jj, Yamashita, T. et. al.??
i ¥Cs v #, 10°R Egfo> TL/R f{Eps ki
D, COfEiik 100RBAIGOR 2 f5TdH 2D L
&1L T\ 5.

g) BeO : Na i iAfibHhiR (X B 230
P, i ofink &3 TLR {HixH§T 5.
#1 x10°R @ TLR {fiiX 100RIFDOHF 2,651
£y, Fh Lo cEdT 5. BHS
124 x10%ads > TL/rads fifii 100rads ¥
DL I8 TH D & A LM UHREHRE L T
5.

h) MgSiO, : Th DK IFE & & b 1 3
L, #6 x10°R @ TL/R i3 100 R B DRy
2.0f5 R L, ohll Lo RIRe Ciakd 3
%5 (Fig.11z02).
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{52 EEREED peak (JIFINT B4, 240
‘C> peak (1 {HZM) 1X10°R LI EORijiES T
fFI 5.

d) CaSOy : Mn, Na |2 290R % MG L 2-Bs o
glow curve % Fig. 3 —(D) 1Z/R¥. gl o
Wi 2477 5 ix & main peak 1A%,

¢) CaSO, : Tm & 290R # Wit L7zl o> glow
curve % Fig. 3 —(E) &R, 10°R LRI
She X b main peak L b EREAEINT S,

) BeO : Najc58 R & Wi gt L fzlif D glow curve
% Fig. 3 —(FNCRT. 10°RELF O RiHASHC § K&
JERGIANEE b, 2Bl i ¢4 main peak
OEXTEEAEF L. LaL, 10°R Lk
oS Tk main peak X D SR AHINT
E

g) Mg,SiO, : Thiz 290 R # W34} L 7z D glow
curve % Fig. 3 —(G) 17, 10°R Ll Lo i
S X b main peak I b ggilila M 5. —
i, G (9 100°CLLF) & E4hT 5.
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AERAP L e E T 5L TLD 1000
FHMRTLD 700X WL TWBE VW25, —N,
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TLD 10005MTLD 700k b LCuAEHE
L LT, TLD 7000 100RA 5 200R D
TP IR TH B LA LTV B 8, Ma
frc B ilehote, ¥4, BAMIYX LiF micro
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R [BSH O TL/REDL. 1D/ X 7e peak %AED,
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1000R T 1.0f51Ic & &0, HOHREOREME &b
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peak 7 HElRIBIC T TH L trap HUHL S h
H. DD, H4ORUKAFCEILTH L trapi’
JELE N3 energy level B3EAET 5. —75,
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D HHHIAD glow curve |3 & peak DM
WOT 25655, ChTHSHREGY X 5
LEZbRA. Tk s icEias LiF §
il i DFFIT 400°C e pre-irradiation annealing %
frigotc g @ Ehs. CaSO, : Mn,Nao
56, BB X v U5 trap EE» S
300C% CT1 oo T L b HEIhDEEL
bBhb, LipBO; @ Mn OS54, FH L trap O
BUT X % REE D3N & BAHRIREIT X % 3EE ofE
TAFERICEBR TV, LiF o4, 100R L)
L DB X b, competing deep trap AT,
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[AIIRFIC main peak oHEhNL AP B, L »
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AR, TOFELLTKRO 2298 E L RS,

A, BOEHHT LW trap 238 TR S uicik
JECERT 5.
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F W CfE 3 5.

A D1HELLT, #HEMETHF L trap p3
TSR, RGHIRGY w X 5 38R o
ETRE SR X S Te ki, 10°R 22510°R »
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Fig.4 Changes in the glow curves of TL phosphors at different exposure levels. The phosphors

were heated for 1 minute after irradiation of

doses 10*—10°R and then irradiated. The

temperature was increased from the room temperature to 300—400°C.
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Fig. 5 Integrated TL as a function of exposure
for LiF (TLD 700) virgin powder and LiF(TLD
700) powder previously exposed to ¥'Cs gamma
rays, 6.9 10°R. The phosphors were heated for
1 minute after irradiation of dose, 6.9 10‘R and
then irradiated. The temperature was increased
from the room temperature to 350°C. Suprali-
nearity of the response is shown by the departure
from the dashed line.
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Fig. 5 \W/RT. £ ORgDglow curve o L% Fig.
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Fig. 6 Integrated TL as a function of exposure
for Li,B,O; : Mn virgin powder and Li,B,O; :
Mn powder previously exposed to '3"Cs gamma
rays, 6.9 10°R. The phosphors were heated for
1 minute after irradiatson of dose, 6.9 10°R
and then irradiated. The temperature was incre-
ased from the room temperature to 300°C.
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Fig, 7 Sensitivity (T'L/R) as a function of expo-
sure for CaF, : Dy (TLD 200) virgin powder and
CaF, : Dy (TLD 200) powder previously exposed
to ¥'Cs gamma rays, 4.8 10°R. The phosphors
were heated for 1 minute after irradiation of
dose, 4.8 10°R and then irradiated. The tem-
perature was increased from the room tempera-
ture to 350°C, and for 2 minutes to 500°C.
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Fig. 8 Sensitivity (TL/R) as a function of expo-
sure for CaS8O,: Mn, Na virgin powder previously
exposed to **'Cs gamma rays, 6.1 10*°R. The
phosphors were heated for 1 minute after irra-
diation of dose, 6.1 10'R and then irradiated.
The temperature was increased from the room
temperature to 300°C,
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Fig. 9 Sensitivity (TL/R) as a function of expo-
sure for CaSO,: Tm virgin powder and CaSO,:
Tm powder previously exposed to *Cs gamma
rays. 1.1x10°R. The phosphors were heated for
1 minute after irradiation of dose, 1.1 10°R and
then irradiated, The temperature was increased
from the room temperature to 350°C.
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Fig, 10 Integrated TL as a function of exposure
for BeO : Na virgin powder previously exposed
to ¥Cs gamma rays, 4.0 10°R. The phosphors
were heated for 1 minute after irradiation of
dose, 4.0 10°R and then irradiated. The
temperature was increased from the room tem-
perature to 350°C.
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Fig. 11 Bensitivity (TL/E) as a function of expo-
sure for Mg,SiO, : Th virgin powder and Mg,SiO,:
Tb powder previously exposed to *'Cs gamma
rays, 4.7 10'R. The phosphors were heated for
1 miunte after irradiation of dose, 4.7 x 10'R and
then irradiated. The temperature was increased
from the room temperature to 350°C.
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Fig. 12 Glow curves for CaF,: Dy (TLD 200) at
different exposure levels with '*’Cs gamma rays.
The phosphors were annealed before exposure for
4 hours at 500°C and 8 hours at 500°C.
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Fig. 13 Sensitivity (TL/R) as a function of expo-
sure for CaF,:Dy (TLD 200) virgin powder,
CaF, : Dy (TLD 200) powder annealed for 4
hours at 500°C and CaF,: Dy (TLD 200) pow-
der annealed for 8 hours at 500°C.
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Fig. 14 Integrated TL as a function of exposure
for CaF,: Dy (TLD 200) powder previously ex-
posed to **"Cs gammia rays, 4.8 X 10‘R and CaF, :
Dy (TLD 200) powder annealed at 500°C for 8§
hours. Supralinearity of the response is shown by
the departure from the dashed line.
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