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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The thermoluminescence dosimetry (TLD) with lithium fluoride (LiF) detectors has several advantages,

in pa

rticular:

small volumes of the detectors;
applicability to continuous and pulsed radiation;

fair water equivalency of the detector material;
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Ilew correction ractors needed Ior absorbed dose determinations.

main disadvantage of thermoluminescence (TL) detectors is, however, that(they
nerated by a pre-irradiation annealing procedure. Unfortunately, it is not pgssible to
er response of the detectors perfectly by this annealing. Provided, howeyér; that all
duction batch always undergo the same thermal treatment, one can at least determi
qtion of the response of these detectors, with sufficiently small fluctuations of the indiv
) this mean alteration, a correction factor can be derived.

ssential aim of this International Standard is to specify the procedures and to carry out

h allow one to achieve (1) a repeatability of the indicated value within a fraction of §
hus, (2) a total uncertainty of measurement (including thelcalibration steps tracing to
lards) of a few percent, as in ionization chamber dosimetty.[18]1[31][25][61][62]

specifications in this International Standard comprise special terms used in TLD, 1
urement technique, and requirements for the measurement system. The defined requi
bsting techniques can, in whole or in part, serve as a basis for stability checks and accej
LD procedures described in this International Standard can be used for photon radiatig
by range from 20 keV to 50 MeV, includingphoton brachytherapy, and for electron radi
nergy range from 4 MeV to 25 MeV, excluding beta radiation brachytherapy. In order tq
htability and total uncertainty stated-above, this International Standard is applicablg

7 to 100 Gy. In clinical dosimetry, TL detectors are applied taking into account the re

spatial resolution, i.e. in the.study of the dose distributions with high gradients occursi
otactic radiation fields afid around brachytherapy sources. The other common appli
urement of dose distributions in large absorbers, e.g. geometrical or tissue equivalen
r within the radiation field or in its periphery. A further usage is the quality assuran

role of this International Standard is not to anticipate national or international code

in clinical dosimetry, neither for external beam therapy, brachytherapy, whole-body

mam
The
clini

mography/ nor dose measurements outside the treatment field or radiation protectiorn
huthors.of this International Standard are well aware of the wide spectrum of the
raldesimetry, in which TL dosimetry is merely occupying a small sector. But within this

e above 1 mGy. The upper limit of\the minimum measuring range is in the order ofn‘t
q
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this

nternational Standard provides reliable concepts and rules for good practice for thd

application

of TLD methods. The items covered include the terms and definitions, the rules for TLD measurement
procedures, and the requirements for the TLD system; this International Standard also addresses
medical physicists and instrument producers. Notably, the numerical examples given are valid for the
TL detector materials and products stated in the publications referred to, and tests may be necessary
to check whether they apply to TLD materials of other producers. The practical examples given, e.g. for
the TL probe calibration conditions and for the numerical values of correction factor, kq, accounting for
the dependence of the detector response on radiation quality, Q, are not conceived to be preemptive in
relation to more general standards of the methods of clinical dosimetry or of dose intercomparisons.
Rather, this International Standard provides access to the reliable application of TLD methods based
upon the published results of worldwide development. The long-standing experience in the clinical
usage of TLD, expressed in a set of valuable textbooks, protocols, and recommendations,[6][13][25][28][29]
[42][43][61][62][54] has been accounted for.
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INTERNATIONAL STANDARD ISO 28057:2014(E)

Dosimetry with solid thermoluminescence detectors for
photon and electron radiations in radiotherapy

1 Scope

This Internatlonal Standard descrlbes rules for the procedures appllcatlons and systems of
ethod It 1s

or LifF:Mg,Cu,P in crystalline or polycrystalhne form It is not apphcable to LiF powders b=cause thelr
use fequires special procedures. The probe method encompasses the arrangement; partjcularly in a
water phantom or in a tissue-equivalent phantom, of single TL detectors or of “Tl probes”, ile. sets of TL

The purpose of these rules is to guarantee the reliability and the accuracy indispensable in clinical
dosimetry when applied on or in the patient or phantom. This Intérnational Standard applies to
dosimetry in teletherapy with both photon radiation from 20 keV to 50 MeV and electron ragliation from
4 MgV to 25 MeV, as well as in brachytherapy with photon-emitting radionuclides. These ppplications
are domplementary to the use of ionization chambers.

2 ormative references

The following documents, in whole or in part, arg, normatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced-document (including any amendments) applies.

ICRU| 60, Fundamental Quantities and Unitsifor lonizing Radiation (1998)

ICRU| 62, Prescribing, recording and reporting photon beam therapy. International Commission pn Radiation
Unitd and Measurements (1999)

IEC §0050-88, IEV: International’Electrotechnical Vocabulary. Radiology and radiological phyfics.
IEC §0601-1, Electromedicalequipment — Part 1: General instructions pertaining to safety

IEC 41000-4-2, Electrammagnetic compatibility (EMV) — Part 4-2: Test and measurement procddure; Test of
immynity againststatic electric discharges

IEC §1000-443,)Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurement|techniques -
Radiqted, radio-frequency, electromagnetic field immunity test

IEC §1000-4-4, Electromagnetic compatibility (EMC) - Part 4-4: Testing and measurement|techniques -
Electricat fasttransient; burSt ity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement techniques -
Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement techniques -
Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-8, Electromagnetic compatibility (EMC) — Testing and measurement techniques - Power
frequency magnetic field immunity test

IEC 61000-4-11, Testing and measurement techniques - Voltage dips, short interruptions and voltage
variations immunity tests

© ISO 2014 - All rights reserved 1
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[EC 61000-6-2, Electromagnetic compatibility (EMC) — Part 6-2: Generic standards - Immunity for
industrial environments

IEC 61187, Electrical and electronic measuring equipment — Documentation

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

absorbed d
energy imp{
mass of that

3.2
backgroun
My
<clinical TL
TL detector

Note 1 to ent
(3.47), by an

3.3

batch
<clinical TL
manufactur
Internationd
their respon

3.4

calibration
<clinical TL
detector (3.4
water, unde

Note 1 to ent]
value of the n
a primary std

3.5
calibration
Nj

<clinical TL

i_Mi

pse
irted to matter in a suitably small element of volume by ionizing radiation, divided b
element of volume

l value

Hosimetry> indicated value (3.16) of a TLD system (3.46) during evaluation of anon-irrad
[3.45) according to the operating instructions

Fy: A change in the background value (3.2) can be caused by a change in the TL-indicating instry
nsufficient pre-irradiation annealing (3.28), or by contamination of the detector (3.45).

dosimetry> number of TL detectors (3.45)70f the same type originating from the
ng process and corresponding in their entirety both to the requirements defined i
11 Standard and to the quality properties guaranteed by the manufacturer with rega
se (3.39), their individual variation (3:17), and their nonlinearity (3.24)

dosimetry> determinationof the correlation between the indicated value (3.16) of
[5) and the conventiondl true value of the measured quantity (3.20), absorbed dose (3]
" reference conditions((3.32)

ry: Calibration setves to determine or check the calibration coefficient (3.5). The conventiona
heasured quantity [3.20) is given by the measured value (3.21) determined directly or indirectlyj
ndard.

coefficient

y the

jated

ment

pame

this
rd to

aTL
1) to

true
with

AASiyanty

D

_MO

in this formula, D is the conventional true value of the measured quantity (3.20), M; — My is the difference
resulting from the indicated value (3.16) of a single TL detector (3.45)i and the background value (3.2)

Note 1 to entry: Thus, the calibration coefficient (3.5) is the reciprocal value of the response (3.39) under reference
conditions (3.32).

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=5c076f93a9fcf2f780b6aca58fd17a53

ISO 28057:2014(E)

3.6

casing

capsule, usually made from PMMA of 1 mm front wall thickness and shaped as a flat circular cylinder, in
which a small set of TL detectors (3.45) can be placed in the same plane

Note 1 to entry: The setup consisting of the detectors (3.45) and the casing (3.6) is the TL probe (3.48).

3.7

conditioning of a batch

conditioning

multiple irradiation and pre-irradiation annealing (3.28) of a batch (3.3) of TL detectors (3.45)

Note |l to entry: Whether conditioning (3.7) is sufficient is examined by the reusability (3.40) tésflaccording to
5.3.3

3.8
corrgction factor
<clinfical TL dosimetry> factor applied to the indicated value (3.16) in ordeb to compenisate for the
meagurement deviation caused by an influence quantity (3.18) or by the meastired quantity (3.20)

Note [l to entry: Examples for using a correction factor (3.8) are the correctionsfot fading (3.13), enerqy dependence
(3.12), and nonlinearity (3.24) (see 4.4.5).

39
correction summand
summand added to the indicated value (3.16) in order to.compensate for the measuremeht deviation
caused by an influence quantity (3.18)

Note |l to entry: The background value (3.2) is an example for corrections using a correction summgnd (3.9) (see
4.4.2).

3.10
directional dependence of response
directional dependence

<clinjical TL dosimetry> dependence-of the response (3.39) of a TL detector (3.45) on the|direction of
radigtion incidence

3.11
direction of preference
diregtion referring to the-FL detector (3.45) or TL probe (3.48) that is considered as a reference value for
the direction of radiafign incidence as an influence quantity (3.18)

3.12
enerigy dependénce of response

enerjgy dependence

depejndenceof the response (3.39) of a TL detector (3.45) on radiation quality (3.30)

3.13
fading

F

quotient of the alteration of the measured value (3.21) of the absorbed dose (3.1) during the time interval
between the end of irradiation and evaluation, e.g. caused by the influence of ambient temperature, and
the value of the absorbed dose (3.1) measured immediately after irradiation

Note 1 to entry: Fading (3.13) is expressed as a percentage.

Note 2 to entry: The alteration of the measured absorbed dose (3.1) may be positive (increment) or negative
(decrement).

© ISO 2014 - All rights reserved 3
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fading rate

F
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fading (3.13) per time interval

3.15
glow curve

<clinical TL dosimetry> measured value (3.21) of the light emission of the TL detector (3.45) as a function
of the temperature or time during the evaluation process

3.16

indicated v
M
<clinical TL

Note 1 to ent
the TL-indica
indicated vall
summands (3|

Note 2 to ent

3.17

individual Y
individual
deviation of
(3.3)of TL d

3.18

influence quantity

<clinical TL
the result of

Note 1 to entr
line voltage, 4
the system c
measuremen

Note 2 to ent
indicated valy
correction su

Note 3 to ent]
correction su
to zero, resp{

3.19

alue

dosimetry> numerical value of a parameter displayed by a TL-indicating instrument (3

ry: The indicated value (3.16), M, for a TL detector (3.45) is assessed from the glow-curve (3.1
ting instrument (3.47) (see 4.3.8.3). The measured value (3.21) of the dose is-determined froj
e (3.16) by applying the calibration coefficient (3.5), the correction factors-(3.8), and the corré
9) (see 4.4).

y: The indicated value (3.16) is also termed the reading of the TL-indicating instrument (3.47).

yariation of the response

pariation

the response (3.39) of single TL detectors (3.45) from the mean response (3.39) of a |
etectors (3.45) under identical irradiation and eyaluation conditions

dosimetry> a quantity which is not a mieasured quantity (3.20) but nevertheless influg
a measurement

y: Influence quantities (3.18) can develop influences as external disturbances (temperature, humn
tc.), as properties inherent to the instrument, i.e. caused by the instrument itself (zero drift, ag
mponents, post-irradiation stabilization, etc.), or as adjustable quantities affecting the result
L [e.g. radiation quality (3.30)-or direction of radiation incidence during dose measurement].

ry: The correction of-the impact of an influence quantity (3.18) may require the application f{
e (3.16) of a corregtion factor (3.8) [multiplicative influence quantity (3.18), e.g. fading (3.13)] d
mmand (3.9) [additive influence quantity (3.18), e.g. background value (3.2)].

ry: If an influence quantity (3.18) is not taken into account by applying a correction factor (3.9
mmand (3.9), the correction factor (3.8) is set equal to one or the correction summand (3.9) is set
ctively.

147)
5) by

m the
ction

batch

nces

idity,
ing of
bf the

o the
rofa

) or a
equal

linear ener
LET

ytransfer

average energy locally imparted to a medium by a charged particle of a specified energy along a suitably
small element of its path, divided by that element

Note 1 to entry: The value of LET (in keV/um) is usually stated for water as the medium traversed by the charged

particle.

[SOURCE: ICRU 60]
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3.20
measured quantity
<clinical TL dosimetry> physical quantity to be determined by the measuring system

Note 1 to entry: According to ICRU 62, the measured quantity in clinical dosimetry is the absorbed dose (3.1) to
water at the point of measurement (3.26).

3.21

measured value of a TLD system

measured value

<clinical TL dosimetry> value of the measured quantity (3.20), absorbed dose (3.1) to water, determined

with@aTLD-system{3-46)-at-the-point-of measurement{3-26J

Note |l to entry: The measured value (3.21) is determined as the product of the correction fgstors|3.8) and the
mear] of the indicated values (3.16) of the single TL detectors (3.45), located at and irradiated'togethgr at the same
time |n the TL probe (3.48), corrected for the background value (3.2), and multiplied by the individdyal calibration
coefficient (3.5).

3.22
meagsurement cycle
sequence of working steps in TL dosimetry consisting of pre-irradiation annealing (3.28))irradiation,
post-jrradiation annealing (3.27), and evaluation of TL detectors (3.45)

3.23
measuring range

<clinjical TL dosimetry> range of dose values in which the TLD system (3.46) meets the requjrements for
the glperation characteristics

Note [l to entry: The limits of the measuring range of a TLD system (3.46) are within the interval sganned by the
smallest and the highest measured value (3.21).

3.24
nonrl‘Fnearity of response
|

nonliinearity
<clinfical TL dosimetry> change in response (3.39) to dependence on dose

Note|l to entry: Linearity means eenstant response (3.39), supralinearity denotes an increase in regponse (3.39),
and sublinearity denotes a decrease in response (3.39) with increasing dose.

3.25
parameters for tests
valugs of influence quigrtities (3.18) agreed upon for testing the impact of other influence quaptities (3.18)

3.26
poi:r of measurement
<clinfical, Tl-dosimetry> the point on or in the patient’s body or water phantom at which the absorbed
dose|(3<1)\to water is measured

Note 1 to entry: See also References,[13],[39] and,[40] and ICRU 35.

3.27

post-irradiation annealing

<clinical TL dosimetry> controlled heat treatment (annealing) of a TL detector (3.45) after irradiation
and before evaluation

Note 1 to entry: Post-irradiation annealing serves to reduce the fading (3.13).

© IS0 2014 - All rights reserved 5
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3.28
pre-irradiation annealing
<clinical TL dosimetry> controlled heat treatment of already evaluated TL detectors (3.45) before reuse

Note 1 to entry: Pre-irradiation annealing serves to delete the radiation-induced TL signal remaining after
evaluation and approximately restores the original response.

3.29

radiation damage

<clinical TL dosimetry> permanent alteration of the response (3.39) of a TL detector (3.45) due to pre-
irradiation beyond a detector-specific dose

Note 1 to entffy: The value of this dose may depend on the temporal pattern of pre-irradiations (dose fractionption,
dose protraction).

3.30
radiation quality
parameter fpr the classification of the relative spectral particle fluence of a radiation‘type at a spegified
location

radiation or the 50 % range of an electron radiation are used for the characterization of radiation quality (see

Note 1 to eTry: In clinical dosimetry, simply measurable parameters such as the guality index of a photon
ICRU 35, ICRU 62, and Referencel25]).

3.31
rated range of use
variation rapge of an influence quantity (3.18) causing a change in response (3.39) that does not lepd to
a transgression of agreed upon values of the measurement:deviation or to a transgression of defined
values of th¢ correction of its influence

3.32
reference conditions
<clinical TL|{ dosimetry> set of reference values\of all influence quantities (3.18) and of the measured
quantity (3.20)

Note 1 to enfry: If one or more influence quantities (3.18) or the measured quantity (3.20) deviate from|their
reference valyes (3.35, 3.36) (Table 2), the-conditions of measurement are denoted as non-reference condifions.
The correctign for use of detectors (3.45) wnder non-reference conditions is dealt with in the context of Table 4.

3.33
reference detector
<clinical TL|dosimetry> TL detector (3.45) used to determine the correction factor (3.8) for the change
in response (3.39) duringsuccessive measurement cycles (3.22)

Note 1 to ently: See 4:4:5.3.

3.34
reference point of a TL probe
point located within or on the surface of the TL probe (3.48) whose spatial coordinates serve to specify
the position of the TL probe (3.48) in its surroundings

Note 1 to entry: The position of the reference point within or on the TL probe (3.48) is defined by the manufacturer.
In clinical dose measurements, the reference point of a TL probe (3.48) is placed at the point of measurement (3.26)
either on or in the phantom or the patient’s body. For calibration (3.4), the reference point of a TL probe (3.48) is
placed at the point at which the absorbed dose (3.1) to water under reference conditions (3.32) is known.

3.35
reference value for tests
initial value for the variation of an influence quantity (3.18) when testing its effect on the response (3.39)

6 © ISO 2014 - All rights reserved
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3.36

reference value for calibrations

value of an influence quantity (3.18) or of the measured quantity (3.20), to which the calibration coefficient
(3.5) refers and for which it is valid without further corrections

Note 1 to entry: Due to nonlinearity (3.24), a reference value has also been set for the measured quantity (3.20).

3.37

repeatability

<clinical TL dosimetry> degree of compliance of the measured values (3.21) of a given quantity that have
been successively obtained in the same laboratory under the same conditions or repetition conditions

A

(3.39

Note

J

1 to entry: Repeatability is marked by the empirical standard deviation of the single measure

and may be expressed as a percentage of the measured value (3.21). In this case, it makes a diffecence

the rq

Note
differ

Note

3.38
repe

bpeated measurements have been performed with one TL detector (3.45) or a group ‘of detectoj

P to entry: By contrast, comparability marks the degree of compliance when a given quantity i
ent laboratories by using different measuring instruments of the same type.

B to entry: Repeatability is synonymous with “precision”.

tition conditions

<clinfical TL dosimetry> conditions under which measurements are repeated in the sam

unde
inter

3.39

r similar measurement conditions according to a defined measurement procedure wit
vals between repetitions

response

Rp,i

<clinfical TL dosimetry > difference between the indicated value (3.16), M;, for a single TL de

i and
(3.1)

3

Note
the c
strict

Note

the background value (3.2), Mo, divided by the conventional true value of the causing a
to water, Dy,

_M;-M,

D,i D

w

1 to entry: This definition of response as the quotient of the background-corrected indicated va
nventional true valt€of the measured quantity (3.20) complies with IEC 60050-88. It is differ
terminology wheFre)“response” means indicated value (3.16).

P to entry: The Tesponse of a TL detector (3.45) does not only depend on the absorbed dose (3.1

the rqdiation quality (3.30), the direction of radiation incidence, the material and size of the detect

type

Note
(3.34

bf the detector (3.45), the casing (3.6), and the TL-reading instrument.

B to entry: In clinical dosimetry, each TL detector (3.45) or TL probe (3.48) is placed with its re

i value (3.21)
hs to whether
s (3.45).

measured in

e laboratory
h short time

tector (3.45)
bsorbed dose

ue (3.16) and
ent from less

), but also on
or (3.45), the

ference point

at‘the point of measurement (3.26) (see 4.4.1). The reference points (3.34) are specified in T

bles 4 to 8 of

this International Standard.

Note 4 to entry: If air kerma, K,, instead of absorbed dose (3.1) to water, Dy, is used as the reference quantity, i.e.
as the denominator of the formula for response, this modification of the definition of response has to be clearly
stated.

Note 5 to entry: If the term response is used in the sense of a relative response, i.e. as the quotient Rp ;/Rp,j of two
radiation qualities i and j, this has to be clearly stated.
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3.40
reusability
usability of TL detectors (3.45) in several successive measurement cycles (3.22)

Note 1 to entry: The reusability of a TL detector (3.45) is an essential prerequisite in TL dosimetry, because for each
single detector (3.45), the determination of the calibration coefficient (3.5)is followed by the dose measurement,
so that at least two measurement cycles (3.22) shall be performed with this detector (3.45) (see 4.4.5.3).

3.41
stability check device
<clinical TL dosimetry> instrument for checking the dosimeter response

Note 1 to enfry: The stability check device (3.41) allows one to reach a certain dose in a specified tim¢ in a
reproduciblejmanner.

3.42
test conditions
<clinical TL|dosimetry> set of parameters for tests (3.25) of all influence quantities (318)

3.43
test light squrce
<clinical TL|dosimetry> light source with constant illuminance used for eperation checks of the TL-
indicating infstrument (3.47) (except for the heating device)

3.44
thermoluminescence
TL
light emissipn in a visible or adjacent spectral range, bas¢d on the radiation-induced occupatipn of
trapping centres by the charge carriers of certain ion crystals, and emitted when the transition of these
charge carrjers into activator levels occurs as a consequénce of heating

3.45
thermoluminescence detector
TL detectoy
detector
quantity of] TL material of a certain._chemical composition in homogeneous, e.g. crystallie or
polycrystalline form

Note 1 to enfry: The properties of @ TL detector (3.45) are determined by its material composition, masg§, and
shape, as well as by pre-irradiatignor special thermal pretreatment.

Note 2 to entry: New TLdetectors (3.45) generally need a defined thermal and irradiation treatment in ordler to
establish the fequired reysability (3.40). TL detectors (3.45) pre-treated in this way are designated as “conditjoned
detectors”.

Note 3 to entfy: Tlimaterials in the form of powders embedded in non-luminescent materials are not covered by
this Internatjopal’\Standard because correction factors (3.8)kq and kg are not available for these materials.

3.46

thermoluminescence dosimetry system

TLD system

system consisting of a number of TL detectors (3.45) of a certain type, which are placed, if necessary,
in groups forming TL probes (3.48), as well as of the associated TL-indicating instrument (3.47), and, if
there is a need, the supporting instruments, the operating instructions containing the description of the
evaluation procedure, and the calibration instructions for the TLD system (3.46)
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thermoluminescence-indicating instrument
TL-indicating instrument
instrument for measuring the thermoluminescence light emitted by a TL detector (3.45)

Note 1 to entry: The instrument is equipped with devices for heating the TL detector (3.45), for recording the light
emitted by the TL detector (3.45), and for the indication of a measurement signal proportional to the TL (3.44)
light emission.

Note 2 to entry: The TL-indicating instrument (3.47) is also called the reader.

3.48

ther
TLp
prob
setuy

Note

Note
TL ddg

3.49
type|
ioniz
prop
3.50
type|
type

<clinfical TL dosimetry> characteristic type of alhTL detectors (3.45) which have been manufg

the s
prop

3.51
unce
para
mark

Note
of thd

4 1

4.1

moluminescence probe

robe

e

b consisting of one or more TL detectors (3.45) and the corresponding casing (8.6)

1 to entry: The reference pointof a TL probe (3.34) is defined by the manufacturer

2 to entry: In radiation protection, TL detectors (3.45), including their casing (3.6), are occas
simeters.

of radiation
ing radiation whose properties are specified by the naturé or origin of its particles or b
erties of its spectrum

of thermoluminescence detector
of TL detector
ame material and according to the samé-specifications (shape, size) and have the sam

erties except for some minor differehees (batch variation) due to the manufacturing p

rtainty of measurement
meter obtained by measurement or calibration which, together with the measured
s the range of values in(which the true value of the measured quantity (3.20) lies

1 to entry: The uncertainty of measurement (3.51) is the positive root obtained from the sum g
standard uncertainties, for all uncertainty components.

Rules for the TLD measurement procedure

Principle of measurement

onally called

y particular

ctured from
b dosimetric
focess

balue (3.21),

f the squares

TL d

Simetry 15 based on the measurement of 1ight that {3 emitted when iTTadtated TL d

tectors are

heated in a well-defined and reproducible manner. The signal obtained during this heating corresponds
to the emitted amount of light and is related to the absorbed dose imparted to the TL detector. The
relation between the reading and the quantity of absorbed dose to water is determined by means of

calib

4.2

ration.

Measured quantity

The measured quantity is the absorbed dose to water, Dy, at the point of measurement in the absence
of the TL probe. The unit of this quantity is Gy. Measured values of the absorbed dose to water can be
converted into those of the absorbed dose to other materials or tissues of interest.
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4.3 Measurement cycle

4.3.1 General requirements

When TL dosimetry is used for dose measurements according to the probe method, the application of
the rules laid down in 4.3.2 and 4.3.8 is required for every work step within the measurement cycle
and for the sequence of measurement cycles. In this case, it is necessary to operate the TLD system in
accordance with the operating instructions.

4.3.2 Sequence of measurement cycles

In order to determine values of the absorbed dose to water, the TL detectors have to pass the following
measuremeht cycles:

— several measurement cycles for the determination of an individual calibration coefficient for|each
detectof (see 4.4.4);

— one megasurement cycle for the determination of values of the absorbed dose-to water at the ppints
of measjurement in the radiation field (see 4.4.1).

4.3.3 Common passing of the measurement cycles

All detectorfs of a batch shall have the same thermal history. Having)the same thermal history nleans
that they haye to be annealed as well as be read out in the same reading cycle, even though some of them
might not hjive been irradiated. If necessary, several measurement cycles are required for a new hatch
in order to gchieve a sufficient degree of repeatability.

4.3.4 Handling of TL detectors

4.3.4.1 Gdneral remarks

Reliable dode determination implies that Tk detectors should not be contaminated and interchgnges
between detectors should be avoided. This-raises requirements concerning the handling and treating of
the detectois, as well as the tools applied\during the measurement cycles.

4.3.4.2 Tweezers

TL detector$ should not be touched by fingers. If air suction is not available, tweezers should be usgd for
all operations, i.e. putting the-detectors in a probe casing, in the TL-indicating instrument, or in a casing
for thermal|treatment. Ensture that the tweezers do not damage the TL detectors and they should be
manufacturgd from nen-abrasive material.

4.3.4.3 Casingsdor thermal treatment (annealing casings)

As stainless-steet casingssometimes showchemicatreactionswithh- TEdetectorsat high temperatures,
which may lead to advanced fading,[17] aluminium casings should preferably be used for pre-irradiation
annealing and post-irradiation annealing. The dimensions of the annealing casings have to be adapted
to the annealing oven. During each annealing process, the detectors have to be tightly covered by a
lid made of the same material as the casing. This prevents contamination and ensures homogeneous
heating of all detectors. In order to reach fast heating and cooling down of the detectors, the annealing
case, which consists of the annealing casing and the lid, should be as small as possible. The maximum
temperature at which aluminium casings can be used is 420 °C.

In case the annealing casing or the covering lid is contaminated, it can be cleaned with acetone first, then
with methyl alcohol or ethyl alcohol, and lastly, submitted to a heat treatment without the TL detectors.
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4.3.4.4 C(Cleaning

By improper handling, the response of TL detectors may get altered; usually it is reduced. Alterations of
this kind may arise from contaminations or damages of the detector surface (see 4.3.4.2).

If single or all detectors of a batch are contaminated, the whole batch has to be cleaned. The kind of
cleaning solution to be selected depends on the detector material. It is recommended to clean by means
of an ultrasonic bath using ethanol. Cleaning time should be as short as possible. After each cleaning, a
pre-irradiation annealing of the whole batch has to be carried out.

Cleaning should not be carried out routinely, but only if it is necessary. Pellets of lower density and
detectors r‘r\ncicfing ofl ip-Mg,(‘n’D should nothe cleaned

4.3.§ Pre-irradiation annealing

The [course of the temperature during pre-irradiation annealing influences/the resppnse of the
dete¢tors[33] and has to be selected depending on the detector material and detector type (see 5.2.3).

The ftime interval between pre-irradiation annealing and the next irgadiation might influence the
resppnse of the detectors. Hence, it should not exceed one week.

4.3.4 Irradiation

The user should record the following conditions of the irrddiations: date of irradiation, quality of
radigtion, dose or expected dose range, field size, phantom,depth of measurement, and typ¢ and design
of the probe.

4.3.7 Post-irradiation annealing

The fourse of the temperature during post-irradiation annealing can be selected depending on the
dete¢tor material and detector type (see 5.2.3).

NOTH The post-irradiation annealing\is also called stabilization since most of the fading (see 4.4.5.4) is
suppressed by this treatment.

4.3.8 Reading

4.3.8.1 General remarks

Test light measurements prior or, if necessary, during the reading of a batch are carried otyit according
to thp manufacturer’s instructions (see 5.4.7). Before the reading of irradiated detectors is|started, the
deteymination-of the background value has to be carried out (see 4.4.2).

4.3.8.2 £ Heating procedure for generating glow curves

For gemerating glow turves, thestabitized- Tt detectorsshratt-besubmitted toa Teproducible heating
process (see 5.2.3). This process can be done by placing them either on a heated “planchet” (contact
heating) or in a heated inert gas flow.

NOTE The shape of the glow curves depends on the heating profile used. The analysis of the glow curve as
described in Referencel59] presumes that the heating rate is approximately constant.

When using contact heating, the sample chamber shall be flushed with inert gas to suppress air-related
combustion of potential organic or inorganic surface contaminations of the TL detectors or heated
planchet which might mimic a radiation induced signal. This effect holds particularly for measurements
in the lower dose range.
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4.3.8.3 Determination of the TL reading

The TLreadingis determined by integrating the whole glow curve or a defined partofit. For better control
of the correct temporal position of this integrating interval and for the detection of any abnormalities of
the glow curve, the course of the glow curve shall be recorded during the whole heating process, even

though only

NOTE

a part of it is essential for the absorbed dose determination.

in case a malfunction of the reader might have occurred.

4.4 Measurement of the absorbed dose to water

This proceeding allows one to compare the actual reading with a typical glow curve of the TLD system

4.4.1 Basi

The measur
detectors of

b,-T]

1%

where

My is

N; is
qui

ITky is

The rules fo
calibration y
4.4.4.2), the
and the cort

For irradiat
measureme
the TL prob

c formula for the determination of the absorbed dose to water

ed value of the absorbed dose to water, Dyy, results from the indicated valué€s, -M;, of
a thermoluminescence probe according to Formula (1)

1 n
kv'zzNi(Mi_MO)
i=1

he background value (see 4.4.2);

he individual calibration coefficient of the i-th TL détector for the reference radiation
ality,60Co-gamma radiation (see 4.4.4);

'he product of the correction factors (see 4.4.5):

 the determination of the individual terins of Formula (1) are discussed in 4.4.2 to 4.4.]
vith 60Co-gamma radiation is replaced by a calibration with another radiation quality
reciprocal value of the responsé¢ determined by the calibration shall be used instead
ection factors kg, kq, and ky (see 4.4.5.2 and 4.4.5.5) shall be adjusted accordingly.

on, the reference point ofla)T'L probe or a single TL detector has to be placed at the po
nt either on or in the phaitom or patient’s body. The position of the reference point wj
e shall be indicated by the manufacturer in the operating instructions (see 5.3.2). Gene

the n

€y

b. Ifa
(see
of Nj

nt of
ithin
rally,

the referende point is in the midplane of the TL detector (see 4.4.5.5 and Tables 4 to 8).

4.4.2 Det¢rmination of the background value My

The followiy
a)
b)
c)

1g parameters contribute to the background value:

dark cufrent of the photomultiplier (PM);

room illumination, if the housing of the PM is not sufficiently shielded;

light emission, not caused by irradiation, from the detector surface or from the surface of the contact
planchet at high temperature.

In order to minimize the dark current, the voltage of the PM should not be higher than necessary and the
recommendation by the manufacturer of the PM shall be respected. As arule, voltages between 600 Vand
900 V suffice in the dose measurement range of this International Standard. Due to the strong increase
of the light emission not caused by irradiation at temperatures higher than 200 °C, this temperature
should be exceeded during evaluation only to the level necessary to record the complete glow curve.

Provided the surfaces of the detectors are clean and undamaged and the TL reader functions properly,
the background values correspond to absorbed dose values of about 0,1 mGy. Under these circumstances,
the reading of any other non-irradiated TL detector may be used as background value for all TL detectors
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during each measurement cycle in the absorbed dose range covered by this International Standard.
In special cases, however, especially after low dose irradiations, a detector-specific background value
obtained by a measurement cycle of the unirradiated detectors can be attributed to each detector.

4.4.3

Determination of the indicated value M;

The irradiation within the assigned radiation field is performed using the radiation quality Q (photons)
or E (electrons). For the n TL detectors (i = 1...n) of the TL probe, the measurement cycle yields the

indic

ated values, M;.

Even though the TL detectors placed in a TL probe have been calibrated jointly, differences between the

indiy
detel
(s=¢
than
dose

4.4.4

4.4.4

In or
inra
prob
poin{
The {

ioniz

whet

]

The
refer

12 and 13. The-cdlibration depth of 5 cm and the calibration field size of 10 cm x 10 cm or 10

shall
calib,

No=— W
(M;—M,)

idual product values, N; (M; — MgJ, in Formula (1) inevitably occur. These ditfferences
'mination of the average according to Formula (1). Values of N; (M; - My) that lie beyond
mpirical standard deviation) shall not be included in the average according to Formulg
20 % of the measured values of a TL probe have to be rejected on the basis of the 3s ¢
measurement shall be critically checked.

Determination of the individual calibration coefficients N;

.1 Calibration with 60Co-gamma radiation

der to meet the accuracy requirements laid down in this lnternational Standard for th
Hiation therapy, an individual calibration of each TL detéetor is necessary. For this pur
e shall be irradiated with a known dose under calibration conditions (see Table 1). T
of a TL probe is placed at the point of measurement atthe calibration depth in the wat]

bsorbed dose to water at this point of measuremeént, D‘i,f,’n

ation dosimeter. The individual calibration coéfficient, N;, of the ith detector results as

, is determined by means of

ion
D w

e
; is the reading of the ith-detector;
Mo is the mean reading of unirradiated detectors.

ralibration radiation quality is 60Co-gamma radiation; exceptions are laid down in
ence values ofthe additional influence quantities, to be used for calibrations, are defin

be strictly observed because the fraction of the dose due to scattered radiation, whic
rationcoefficient, depends on depth and field size.[9][46][56]

require the
the 3srange
i (1). If more
riterion, the

e dosimetry
pose, the TL
he reference
er phantom.

a calibrated
the quotient

(2)

4.4.4.2. The
ed in Tables
'm diameter
n affects the
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Table 1 — Calibration conditions and ranges of test parameters

Measured quantity Calibration conditions Range of test parameters

Absorbed dose to watera Determined during calibration; should
be approximately 1 Gy

Influence quantity

Radiation quality 60Co-gamma radiation 60Co-gamma radiation
Phantom size Water phantom Water phantomb
30cm x 30 cm x 30 cm 30 cm x 30 cm x 30 cm
Depth of megsurement 5cm 5cm
Field size 10 cm x 10 cm or 10 cm x 10 cm or
10 cm diameter 10 cm diameter
Time intervgl between calibration 24 hours¢ 0 hours to 72 hours

irradiation ajnd evaluation

Source-surfgce distance (SSD) Isocentre distance 60 cm to120 cm

NOTE For dalibration of TL detectors to be used in brachytherapy, the depth of measurementis 5 mm to 6 mm of wafer or
PMMA.[[11]] [4}] [50]

a2 Due to thle nonlinearity of the response of TL detectors, a calibration condition{for the dose shall be assigned. The
absorbed dosg¢ at calibration should amount to approximately 1 Gy in order to make sure that it corresponds to the prder
of magnitude(that is applied per fraction of radiation therapy. In special procedures, i.e. interoperative irradiation| with
electrons, the|dose at calibration shall lie in the dose range applied.

b In case of calibrations in a phantom made of water-equivalent material (PMMA, polystyrene), the influence ¢f the
phantom matg¢rial shall be determined by comparison with a calibrationin@water phantom.

¢ Valid for 4 measurement cycle which comprises post-irradiation ahnealing.

4.4.4.2 Calibration by means of other radiationqualities

If the calibfation radiation quality 60Co-gamma radiation for the measurement of the indivjdual
calibration qoefficients is not available, the individual response shall be determined by irradiations{with
another radjation quality Q. The 137Cs gamma radiation, as well as high-energy photon radiations [from
acceleratorsg, are appropriate for this purpose (see Table 1).

When absorpbed dose determinations/according to Formula (1) are to be carried out, it has to be faken
into account that the correction-factors kq and kg refer to calibrations with 60Co-gamma radiation|only.
Hence, they have to be replaced by the quotient kq/kq’ or kg/kq, respectively, if a radiation of qualfty Q'
has been used for the determination of the calibration coefficients, N;.

Table 2 — Field sizes and depths for calibrations using radiation qualities other
than 60Co-gamma radiation

Radiatign-quality, Q’ . . . . Focus-surface|dis-
(ndminal) Field size Calibration depth tance (ESD)
Photons 6 MV to 50 MV 10 cm x 10 cm 10 cm 100 cm
137Cs-gamma radiation 10 cm x 10 cm 1cm 60 cm

4.4.4.3 Determination of individual calibration coefficients by means of repeated calibration
irradiation

The uncertainty of dose determinations according to Formula (1) can significantly be reduced by
calculating, for each detector of a batch, a mean calibration coefficient from a series of many calibration
measurements (see References[18] and[21]). In general, the first calibration irradiation of this series
is used as reference calibration. It may, however, be any irradiation of the series, since the absorbed
dose is always the same. All indicated values of the calibration irradiations shall be multiplied by a
factor kv according to Formula (5) (see 4.4.5.3). In Formula (5), the values M;; are the readings of the
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reference calibration and M;; are the readings of the other calibration irradiations. For each detector,
the individual calibration coefficient results from the ratio of the calibration dose and the mean value of
these corrected readings.

NOTE1 The more calibration measurements are carried out, the more the random uncertainty of the mean
calibration coefficient is reduced.

NOTE 2  The variations of the factor ky reflect the alterations of the average batch response from the
measurement cycle of the reference calibration to that from another cycle.

4.4.5 Determination of the correction factors k,

4.4.3.1 General remarks

Rules to be applied for the determination of the correction factors ky are given in‘44.5.3 to 4.4.5.5. A
suminary of the influence quantities and the corresponding correction factors is\given in Table 3.

Table 3 — Influence quantities and corresponding correction-factors (overvigw)

Measured quantity, influence quanti-| Correction factors See
ties

Absorbed dose to water kn 4.4.5.2

Repeated use of the TL detectors Km 4.4.5.3

Time interval between irradiation and kf 4.4.5.4

evaluation

Radiation quality kq, kg 4.4.5.5

A summary of influence quantities, whose effects are not accounted for by correction factors, is given in
Tabl¢s 10 and 13.

4.4.3.2 Correction factor ky of nonlinearity

Nonlinearity of the response depénding on the dose may happen within the whole dose range covered
by this International Standard or be restricted to a limited range only.[18][37][64] It can beq affected by
the Heating rate during the reading and by the deposition of traces of water vapor upon the| TL material
durinpg the pre-irradiatiofi annealing and reading of the detectors.[17][38] Nonlinearity is gxplained by
LET-| and dose-dependent complex intrinsic mechanisms.[51[24][41][54][56] Additionally, if sometimes
varigs for different batches manufactured from the same detector material. For testing th¢ uniformity
of the nonlinear behaviour of all detectors of a batch, see 5.3.4.2.

For gorrectiof 0f the nonlinearity, the dose-dependent correction function [Formula (3)] is|used.

Ky =£(D;Dy) (3)

where

D isthe uncorrected measured dose;

Do isthe reference dose.

Factor ky takes into account that the response of a TL detector exposed to any dose D deviates from its
response determined for the reference dose Dg. Depending on the difference (D - D), this deviation may
either increase (supralinearity) or decrease (sublinearity).

The correction function f(D, Dg) might also depend on the radiation quality. Therefore, it should be
determined, by means of this radiation quality, when dose values are expected to deviate from the
reference dose by more than a factor 2.
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In the rated range of use, the nonlinear behaviour of TL detectors has largely to be taken into account
by the correction according to Formula (3). For details of the correction, see the operating instructions.
The nonlinearity, which remains after the correction according to Formula (3), is characterized by the
nonlinearity parameter:

9max ~ 9min

L= )

A max + Qmin

The values, gmax and qmin, are the quotients of the dose values determined according to Formula (1),
i.e. including all corrections inclusive of the nonlinearity correction and their conventional true values.
The nonlinearity correction is considered to be sufficient for L <1 % in the absorbed dose range 0,01 Gy

to 10 Gy an

for L < 0,5 % 1n the absorbed dose range 10 Gy to 30 Gy. In order to determine maxi

and minimum values, gmax and gmin, measurements of at least five dose values, evenly spreadrove

dose range
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4) has to be carried out for each batch separately.

rrection factor ky for alterations of the response during successive measurement

the glow curve and the response of TL detectors can significantly depend on the the

eOnEt and on the previous irradiation. This mainly concérns new TL detectors during
ement cycles. Whenever a batch of TL detectors is reused, the mean alteration of the atch
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surement of the correction factor ky, the detector batch is subdivided in such a way
he TL detectors used for the actual dose measurement (referred to as the “measure

e detectors should have a history representative for the whole batch. For this reasor]
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coefficient has been determined according to 4.4.4.3, the mean background-corrected value, M;,

determined

according to 4.4.4.3, replaces (Mj1 — Mp1) in Formula (5).

4.4.5.4 Correction factor kr for fading

TL detectors frequently show fading, dependent on the ambient temperature, even though a post-
irradiation annealing is performed during a measurement cycle.

To measure fading, two groups of m and n TL detectors are taken from the batch of TL detectors that
have been calibrated according to 4.4.4. These two groups are irradiated with the same dose, the same
radiation quality, and under the same general conditions, but separated by a time interval of ¢t days
and evaluated within the same measurement cycle. The time interval between the second of the two
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irradiations and the evaluation should be as short as possible. The numerical value of fading then results

from

F=

Formula (6)

1 1
;ZNi(Mi —Mgy)o _;ZNI'(MI' —My),
i i

1
;ENi(Mi_MO)O
i

where

M;

is the indicated value of the TL detector i;

(6)
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Mo is the background value determined according to 4.4.2;

N; is the individual calibration coefficient.

broup consisting of the n detectors is irradiated immediately prior to eévaluation (indg
b consisting of the m detectors is irradiated ¢ days earlier.

ading rate is determined according to Formula (7)

Lo the dependence of fading on the temperature pattérn during the fading time inter
'mination of the fading rate is not sufficient. Thefading rate should, therefore, be def]
measurement after a time interval of some days has elapsed between the irradiat
jation of the TL detectors. In the case of shipped TL detectors, for instance in connect
ty assurance of therapy dosimeters, non-irradiated TL detectors and TL detectors irr:

eference dose shall also be sent with.the shipment for the determination of the fading
should be advised that the TL detectors shall not be exposed to radiation. The non-ij
‘tors sent with the shipment are‘irradiated with the reference dose immediately befor
e batch. The fading rate is determined according to Formulae (6) and (7) from the indi
e TL detectors that have beenirradiated with the reference dose before shipment and sH
lation, respectively. In that case, t is the time between the irradiation (before shipm
urement. In this cas€, the correction factor for the TL detectors irradiated by the user

1

F~ ]
1-F-t

is'the time interval between the irradiation by the user and the evaluation.

x 0) and the

(7)

val, a single
ermined for
ion and the
jon with the
idiated with

rate, F . The
radiated TL
e evaluation
rated values
ortly before
ent) and the
is:

(8)

NOTE

kq, and kg are cancelled out.

Formula (6) complies with the definition of fading according to 3.13 because the correction factors ky,

4.4.5.5 Correction factors kq and kg for the consideration of radiation type and radiation qual-

ity

If TL detectors are used for dose measurements with radiation qualities other than the calibration
radiation quality (see Table 1), correction factor kq (for photon radiations) or kg (for electron radiations)
shall be applied according to Formula (1) and by application of Tables 4 to 8. These correction factors
account for the radiation quality dependence of energy deposition in the TL material at the point of
measurement. Energy-dependent influences of the secondary electron transport within the detector,
of attenuation differences between water and the materials of the TL probes, as well as of electron
backscatter and secondary electron emission from the casing material of the TL detectors, are
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superimposed.[59] The correction factors also account for that part of the energy dependence of the

detector response which is due to LET-dependent solid-state effects (intrinsic energy dependence of the
response).[5][11][24][41][47][50][56]

Values of correction factors kq and kg, valid for LiF:Mg,Ti probes calibrated in a ©0Co-gamma-ray beam
at 5 cm depth in a water phantom (probes intended for use in photon and electron beams in the MeV
range)1][25][13] and behind a 5 mm PMMA plate (probes intended for use in photon brachytherapy),[11]
[50][44][63] are summarized in Tables 4 to 8. These tables do not apply to other TL materials.[30] The
values of kq and kg are stated with three decimals in order to comply with those authors who have
published estimates of their uncertainties below 1 %. Other authors, however, have estimated higher
values of the uncertainties; in this case, the third decimal becomes irrelevant.

The complete set of currently known corrections referring to, e.g. the effective point of measurnement,
the wall effgcts, and the spatial resolution of the ionization chambers used in comparison experi
has been applied to derive the kq and kg values of Tables 4 and 5 which apply to the ‘high-energy
photon and| electron radiations used in external beam radiotherapy. Their total{uncertainty is
estimated af * 0,01. For values of Q deviating from those in Table 4, the kq values should be obt3i
by linear inferpolation. Note 1 deals with the use of TL probes under non-reference conditions.
6 is essentiglly valid for orthovoltage and mammography X-rays, while Tables.7ZA.and 8 apply to p
sources usefl in brachytherapy. The values of kq given in Tables 4, 6, 7, and 8 majnly reflect the infl
of the photqelectric effect, but also reflect the intrinsic energy dependenege of the response, which in
this Internafional Standard is accounted for by stating measured valuesef kq. Both influences increase
with decreaping photon energy and therefore account for the depth- and field size-dependent fraction of
low-energy kcattered radiation.

Table 4 +— Experimentally determined kq values for high-energy photon radiation valid fpr
LiF:Mg,Ti detectors3, calibrated with 60Co-gamma radiation at 5 cm water depth (SSD: 100|cm,
field size: 10 cm x 10 cm;o0n beam axis)

Nominal a¢celera- . . Depth of meas- kq
. Radiation quality
tion voltage . urement LiF:Mg Ti LiF:Mg Ti Sources
index, Q Mg, Mg,
MV S rodsb chipsc
6 0,68 10 1,025 1,036 References,[4,[47]
andl[66]
18 0,78 10 1,033 1,051 References,[4],[47]
andl66]

a  TL detectprs within a casing of Lmm front wall thickness (PMMA).

b For LiF rdds, diameter is 1 mmi,length is 6 mm, and material is LiF:Mg,Ti (see 5.3.2 and Table 9). Reference point s rod
centre.

¢ For LiF cHips, diameter\is5 mm, thickness is 0,9 mm, and material is LiF:Mg,Ti (see 5.3.2 and Table 9). Reference pgint is
chip centre.

NOTE1 Thevalues of kq, indicated in Table 4, are valid under reference conditions, i.e. for 100 cm SSD,
10 cm x 10 cmfield size, on axis, at a depth of 10 cm in a water phantom. The additional correction factor kng,
needed when TL detectors are applied under non-reference conditions, such as other depths, field sizes, and off-
axis distances, is described in the literature.[2][15][35][46][56] Values knr < 1 are correcting for overresponse and
values knr > 1 for underresponse. References[®] and[56] have shown that in a very good approximation, kngr is
a unique function of the mean photon energy, En=/E ®(E) dE / [® (E) dE, where ®(E) is the spectral photon
fluence at the point of measurement. For use with 6 MV photons and LiF:Mg,Ti, the approximation formula for this
function is kyr=1,01-0,142 exp (-2,21 Ep) - 0,300 exp (-13,5 Ey), with Ep, in MeV.[8][2] The total uncertainty of
these knygr values is estimated as + 0,01.

NOTE 2  The contributions to the PM reading by light emitted from the front and rear of the detectors may
depend upon the type of the reader and therefore, the kq values may also slightly depend on the type of reader.
Moreover, kg values of TLD chips can change in the order of 1% between different production batches.

NOTE 3  The kq values hold for LiF pellets and are valid in the range 1,25 MV to 21 MV, see Reference.[30]
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When TL detectors are placed in the periphery of clinical high-energy photon beams, the TL signal

may contain a non-negligible contribution due to a nuclear reaction of 6Li with neutrons. For this application, it is
recommended to use TL materials containing only the isotope 7Li.[34][36][60][65]

Table 5 — Experimentally determined kg values for high-energy electron radiation valid for
LiF:Mg,Ti probes, calibrated with 60Co-gamma radiation at 5 cm water depth (SSD: 100 cm,
collimator: 20 cm x 20 cm, on axis)

Nominal electron | Most probable elec- Depth of ke
measure-
energy tron energy ment . . . . Sources
Eq Eno . LiF:Mg,Ti LiF:Mg,Ti
MeV MeV Himax rodsP chips°®
cm
4,7 4 0,8 1,055 1,075 Referernces,[4],[19]
anjd[68]
6,4 6 1,3 1,055 1,075 References,[4] [19] [47]
arjdl66]
8,3 8 1,7 1,055 1,075 References,[4],[19] [47]
arjd[66]
9,6 10 2,1 1,055 1,075 Refererjces,[4],[47]
arjdl66]
11,5 12 2,5 1,055 1,075 References,[4] [19] [47]
arjdl[66]
14,9 15 2,6 1,055 1,075 References,[4],[19] [47]
arjd[66]
171 18 3,0 1,055 1,075 References,[4],[19] [47]
arjd(66]
19,2 20 2,8 1,055 1,075 Refererces,[4],[47]
arjdl66]
a  TL detectors within a casing of 1 mm frontwall thickness (PMMA).
b Hor LiF rods, diameter is 1 mm, length is 6 mm, and material is LiF:Mg,Ti (see Table 9). Reference point isfrod centre.
¢ Hor LiF chips, diameter is 5 mm,.thickness is 0,9 mm, and material is LiF:Mg,Ti (see Table 9). Referenc¢ point is chip
centre.
NOTHE S5  Thevalues of kg, indicated in Table 5, are valid for the indicated depth of measurement, The errors due

to deyiating depth of measurement are described in References[47],[48] and.[57]

NOTE 6
prodiiction batches:;

The kg wvalues of TLD chips indicated in Table 5 can change in the order of 1% between different

Tablle 6 << Experimentally determined k( values for X-rays and gamma rays, valid for LiF:Mg,Ti

detectors calibrated in a 60Co-gamma ray beam at 10 cm x 10 cm field size in PMMA

Relative Relative
Effective | Thickness of response, kq
Tube voltage response, . .
energya front layer referred to for LiF:Mg,Ti Source
kV referred to
keV mm . absorbed dose detectorsd
air kerma
to water
20 11,5 0,025b 0,947 1,014 0,986 Referencel30]
30 15,5 0,025b 1,151 1,244 0,804 Referencel0]

b Kapton foil.
¢ PMMA front plate.

a  Asstated in Reference.[50]

d  Dimensions for LiF:Mg,Ti chips are 3,2 mm x 3,2 mm x 0,9 mm.
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Table 6 (continued)
Relative Relative
Effective | Thickness of response, k
Tube voltage response, . .
energya front layer referred to for LiF:Mg,Ti Source
kv referred to
keV mm . absorbed dose detectorsd
air kerma
to water
40 19,8 0,025b 1,279 1,389 0,720 Referencel30]
50 22,4 0,025b 1,310 1,431 0,699 Referencel20]
60 26,9 0,025b 1,372 1,505 0,664 Referencel20]
80 33,5 0,025P T,365 1,297 0,668 Referendel>0]
100 421 0,025b 1,313 1,434 0,697 Referendel20]
120 499 0,025b 1,279 1,381 0,724 Referendel20]
150 67,0 0,025b 1,243 1,301 0,769 Referendel20]
200 99,8 0,025b 1,155 1,173 0,853 Referendgel20]
250 145 0,025b 1,122 1,128 0,887 Referendel>0]
Cs-137 662 2,9¢ 1,056 1,056 0,947 Referendel50]
Co-60 1250 5,2¢ 1,000 1,000 1,000 Referendel50]
a  Asstated|in Reference.[50]
b Kapton fdil.
¢ PMMA frqnt plate.
d  Dimensiops for LiF:Mg,Ti chips are 3,2 mm x 3,2 mm x 0,9 mm.

NOTE 7  The relative response of LiF:Mg,Ti (and also of LiFéMg,Cu,P) materials at photon energies in the range
from 10 keV[60Co-gamma rays to 6 MV X-rays has been the subject of various experimental and Monte [Carlo
studies.[5][11][14][16][32][33][47][49][50] There is agreement._that the energy dependence of the response reflects
not only the ¢nergy-dependent radiation interaction ¢eefficients, but also the LET-dependent solid-state effects
causing the “fintrinsic energy dependence” of the response. Table 6 contains the most recent experimental data
obtained with narrow X-ray spectra or gamma rays.[50] The depth dependence of kq in water has been studjed in
Referencesl4¢] and.[4Z] The post-irradiation annealing temperature has been identified as influencing the energy
dependence gf kq.[2]

NOTE8  The kg values of TLD chips-indicated in Table 6 can change in the order of 1% between different
production bptches.
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Table 7 — Experimentally determined k( values of LiF:Mg,Ti probes for high-energy
brachytherapy photon sourcesa at different depths in water or polystyrene phantoms under full

backscatter conditionsb

Nuclide Megfeglglﬁf“ Depth of measurement LiF:]l‘;/(lzg,Ti LiF:Il‘;/(l)g,Ti Sources
keV rodsd chipse
1 (water) 1,12 Referencel18]
2 (water) 1,002 Referencel46]
5 (water) 1,000 1,000 References(18]
apdl46]
Cq-60 1250 9 (water) 0,995 Refefencel18]
10 (water) 0,999 Refefencel46]
20 (water) 0,990 Refefencel46]
40 (water) 0,979 Refefencel46]
1,36 (polystyrene) 16000 Refefencel44]
3,34 (polystyrene) 0,978 Refefencel44]
Ir{192 350 5,32 (polystyrene) 0,957 Refefencel44]
7,27 (polystyrene) 0,943 Refefencel44]
10,27 (polystyrene) 0,922 Refefencel44]

a A small fraction of the dose produced by Ir-192 sources is due to eliaracteristic K and L radiation.

energetic, = 10 cm for medium-energetic, and = 5 cm for low-gnergetic brachytherapy photons.[[52]]

¢ (alculated according to Reference.[3] For depth-depéndént spectra, see References[8] and.[44]
isrod centre.

Pointjof reference is chip centre.

f After calibration in a 4 MV X-ray heam in a PMMA phantom.[[44]]

b Hor full backscatter conditions, the thickness of backscatter\material behind the TL detector shall be = 1|5 cm for high-

d  Hor LiF:Mg,Ti rods, diameter is 1 mm, length is 6 @m, and casing thickness for Co-60 is 1 mm PMMA. Point of reference

e Hor LiF:Mg,Ti chips, surface is 3,18 mm x.3,18'mm, thickness is 0,89 mm, and casing thickness for Co-60 i§ 1 mm PMMA.

NOTE9  The response of TLD niaterials to 137Cs and 60Co-gamma rays has also been studied in References[11]
and.[$8] For the response to 92Ir photons, see also References,[49],[54] and.[55] For a small 60Co, 137Cs, or 192Ir
sourde in a large water phantom, the spatial variation of kq has been shown to be essentially determined by the
mear| photon energy atcthe point of measurement, Ey, = [E ®(E) dE / [®(E) dE, where ®(E) is the sppctral photon

fluenfe.lZ]

NOTE 10 The-ky values of TLD chips indicated in Table 7 can change in the order of 1% between different

prodiiction batches.
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Table 8 — Experimentally determined k( values for low-energy photon radiation, valid for LiF
probes calibrated with 60Co-gamma radiation at 5 cm water depth

. Mean photon energya Depth of m(:’as- ko
Nuclide KeV urement LiF:Mg,Ti micro- | LiF:Mg,Ti Sources
cm cubesc chipsd
[-125 26,4 0,5to 10 0,714 3 % Refer-
encesl45]
and[49]
Pd-103 19,0 0,5to 10 0,709 Referencel67]

a  (Calculatefl according to Reference.l3]
b Measurement in various water-equivalent solid-state phantoms with chip centre as point of reference.

c Dimensiops are 1 mm x 1 mm x 1 mm.

d  Surfaceig 3,18 mm x 3,18 mm and thickness is 0,89 mm.

NOTE 11 Fqr previous determinations of kq for I-125 photons, see References[23] and.[63]

NOTE 12 The kg values of TLD chips indicated in Table 8 can change in the order_of 1% between different
production bptches.

4.5 Uncertainty of measurement of the absorbed dose

The uncertdinty of measurement of the measured value of the @absorbed dose to water is deternjined
in accordanfe with ISO/IEC Guide 98-3, using Formula (1). Type A methods (statistical methodsg) are
applied to determine the standard uncertainties when the indicated values (M; - Mp) and the correftion
factor ky arg the input variables. Type B methods (other.methods) are used to determine the standard
uncertaintigs when the calibration coefficients N;and all'6ther correction factors are the input varigbles.

It is recomipended that the estimate of the uncertainty of the measured value should comprisg the
following items. The numerical values of the estimated uncertainties vary in accordance with the
applied methods. Some typical values, taken/froem References,[18],[61] and,[62] are reproduced here ps an
example.

Source of uncertainty Estimated relative uncertainty, s
%

Reference rpdiation sourcea 01to1,1
Calibration|of TL detectors 0,3to0 0,75

Repeated calibration of Tl detectors 0,3 to 0,75
Nonlinearitly correetion 0,1to 1,5
Determinatjionofikq or kg 0,5to 1,5
Fluctuation|ofthe indicated value 0,3to 0,5

(reading) in a measurementb

Overall uncertainty 0,9to 2,8

a  j.e. Traceability to the primary standard.

b Repeatability.

4.6 Reusability

The test for reusability is described in 5.3.3.
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Stability check

The long-term stability of TLD systems is ensured by means of the calibrations provided in 4.4.4, which
are performed prior to each clinical dose measurement. To what extent the response of TLD systems
is subject to long-term changes can be verified by comparing the temporal changes in the calibration
factors.

4.8

Staff

Due to the complexity of TL dosimetry procedures, qualified operating staff is required.
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5.1.2

Requirements for the TLD system
General information

Classification of the requirements

Fequirements for a TLD system are primarily addressed to the«@anufacturer and c
rements for the completeness of the TL system (see 5.2), for the‘TL detectors (see 5.3]
ating instruments (see 5.4), for the auxiliary instruments (sée 5.5), for the TLD syster
5.6), for the calibration irradiation device (see 5.7), and{or'the accompanying pape
bliance with the requirements pertaining to the operation characteristics of the TLD
mponents laid down in 5.3 to 5.6 ensures to a large extent that the uncertainties of m
ribed in Table 11 are not exceeded. The rules regarding the acceptance tests are laid
Fequirements for the TL detectors (5.3) and fex the TL-indicating instrument (5.4)
ked using devices applied in routine use in conjunction.

Requirements for operation charaeteristics

The impact of the influence quantities, when these quantities deviate from their reference v

thein
for a

Fori
radid
valug

Fori

(e.g.
ther|

5.2

rated ranges of use, shall comply with the following limits. To check compliance with tH
single influence quantity, all other influence quantities have to be kept unchanged.

hfluence quantities whose impact on the measured value is accounted for by a correctio
tion quality or nonlinearity), the estimated relative deviation of the corrected value f1
 shall not exceed therange indicated in Tables 12 and 13.

hfluence quantities whose impact on the measured value is not accounted for by a corry
rradiation temperature), the estimated relative deviation of the uncorrected value sha
hnges indicated in Tables 10, 12, and 13.

Completeness of the TLD system

pmprise the
, for the TL-
h as a whole
rs (see 5.8).
system and
easurement
down in 5.9.
can only be

hlues within
e limit valid

I factor (e.g.
om the true

pction factor
I not exceed

5.2.

T'echnical components

A TLD system shall contain at least the following technical components:

a)

TL detectors can be placed in groups in TL probes;

b)

a number of TL detectors of the same type, eventually furnished with an appropriate conditioning;

an indicating instrument for TL measurements, equipped with one or more devices for the heating

of TL detectors and for the measurement and indication of the thermoluminescence light;
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auxiliary instruments, such as vacuum tweezers and an oven for heat treatment.
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5.2.2 Hardware and software components

A TLD system shall allow dose determination from the indicated value of the TL-indicating instrument.
The hardware required for this purpose is part of the TLD system.

5.2.3 Operating instructions

5.2.3.1 General requirements

The operating instructions shall contain information about the description, the construction, the
mode of operation, and the procedures to be carried out by the user in order to achieve the accur

cy of

ht guaranteed by the producer. The operating instructions shall be supplied with eagh
operating instructions shall contain the following information about the TLD system:

1structions pertaining to the instruments;

1structions pertaining to the (partly toxic) TL material;

fion of the intended use;

tion about the pre-irradiation annealing process including all patameters;
tion about the post-irradiation annealing process including-all parameters;

fion of the reading procedure with all the parameters, including information about the
n system such as current integration or pulse counting;

function and operation of all keys, switches, and turning knobs, and meaning of the output g

r scales, and signal lights;

tion about the replacement of the wearing parts by the user (e.g. batteries und fusg
y, this information shall contain the following indications: check of the operating abil
ring parts and the type of the wearing parts supplied as replacement parts;

agram;

ins-operated instrumentyinformation about the required supply voltage, the rated ran

use of the supply voltage and frequency, and line voltage switching, if necessary;

tion to help decidedvhiether a TL detector shall not be used anymore; if necessary, indic
ities where TL detectors can be made reusable;

tion about the-adjustment and the calibration of the TLD system after wearing parts
blaced;

ng tiine'of the TL-indicating instrument;

TLD

light

lugs,

s); if

ty of

ge of

ating

have

pn-on the necessity of gas flushing of the detector housing during evaluation; in the cg

se of

gas heaters, information on the type, temperature, and volume flow of the heating gas;

for the TL-indicating instrument, information about the type and size of the required detectors;

dimensions, density, and type of the detector casing material and, if necessary and supplied, of the

y components;

information about storage, cleaning, and waste disposal;

warning, if longer storage at high humidity can be damaging;

measureme
system. The|
a) safety i)
b) safety il
c) descrip
d) informg
e) informg
f) descrip
detectig
g)
indicatd
h) informd
necess
the we
i) blockdi
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q)
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ble method for cleaning and drying of TL detectors, if required.
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5.2.3.2 Imperative information about technical data

The following technical data shall be provided:

a)

b)

c)
d)

p)

type of the TLD system, type designation, as well as designation of the manufacturer and the licence

owner;

measured quantity as well as radiation quality for which the TLD system is intended;

indication range and measuring range for the dose;

rated range of use of TL probes and other components of the TLD system together with the

¢orresponding values for the following influence quantities:

2) dose rate during dose measurement;

3) ambient temperature and relative humidity;
4) sunlight;

%) mechanical shock;

6) electromagnetic disturbance tests;

T) supply voltage;

iagram of the energy dependence and the djrectional dependence of the response;
information on nonlinearity, with diagram, if necessary;
yariation coefficient of the responsecofa sample, with diagram, if necessary;
information on computer interfacing;
¢omputer platform necessany to support supplied software;

software media;

sttallation procedure;
ackup of data;

¢ritical soffware parameters;

asswords;

1) photon energy and direction of radiation for parallel incidence of the photon radiat

information or marks defining the position of theséference point and the direction of

software revision date and updates.

5.2.3.3 Imperative information about the radioactive stability check device

ion;

reference;

In case the radioactive stability check devices are part of the TLD system, the operating instructions
shall contain the following indications:

a)
b)

A

procedure for the determination of the control values;

information on the radionuclide and its nominal activity and half-life;

a table or a diagram referring to the change in the control value or the check time due to the activity

decay of the radiation source.
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5.2.4 Access to a calibration irradiation device

For the operation of a TLD system, access to an appropriate calibration irradiation device and reference
dosimetry system shall be provided (see also 4.4.4 and 5.7).

5.3 Requirements for TL detectors

5.3.1 Characteristics of TL materials

For dose determinations in radiotherapy by means of thermoluminescence dosimetry, various TL
materials can he used Some parameters of the most common TI, materials are listed in Table 9: their

different kqfand kg values are found in Tables 4 to 8.

5.3.2 Tailpring of TL materials

TL materialg suited for clinical dosimetry are available as monocrystals and as polycrystals prégssed
into the shape of rods, chips, or microcubes.

TL probes afe available in various types and differ in material, size, shape, andntumber of TL deteftors
placed in a dasing, as well as in the size and the shape of the casings.

The casing ghall be watertight and it shall enable a reproducible, geometrically defined arrangemént of
the TL deteg¢tors in the phantom. The operating instructions shall contain clear information aboyt the
reference pgint of the detectors.

Table 9 — Properties of the most common TL materials

LiF:Mg,Tia LiF:Mg,Cu,Pa

Zefel[28]] 8,2 8,2

Usable measpring range in Gy 103 to 102 10-3 to 102

Nonlinear bghaviour (typical values 0,975 1,001

of ky at Do=1| Gy, D=2 Gy)

Notes Significant influence of the pre-irra- |Significant influence of the pre-jrra-
didtion annealing on the dosimetric |diation annealing on the dosimégtric
properties properties

a  The listed TL materials are sensjtiveto sunlight and highly intensive UV exposure.

NOTE The use of 7LiF ingtead of LiF in natural isotope composition is not necessary as long as the inflfience
of the neutr¢n components-in radiotherapy is negligible or may be neglected for practical reasons. Fdr the
quantificatioh of this component, see Reference.[51]

5.3.3 Reukability of TL detectors

TL detector shallho roucahlo Thomaochanical thormal choamical and antical nrnpnrf!nc nFTL dnfnﬂtors

ST e T C oot S T I I E oot oot S et e o o percar 7

shall allow repeated reuse without increase in the uncertainty of measurement. Test parameter T;serves
to test the reusability:

T - (M1 —Mo1)~ (Mg —Mgz) k|
1
(Mi1 —Mo1)

(9)

The indices 1 and 2 denote two successive measurement cycles under reference conditions. Factor ky
has to be determined according to Formula (5). Sufficient reusability of a batch of TL detectors and of a
given TLD system is ensured when 95 % of the T; values of this charge are smaller than or equal to 0,01.

NOTE The reusability check makes sense only with conditioned batches. The processing of the reusability
check is the subject of agreement between the manufacturer and the user (see 4.6).
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5.3.4 Individual variation

5.3.4.1 Individual variation of the response

Each TL detector possesses an individual response that normally deviates from the mean value and
whose influence on the measured value is, however, neutralized by the process of individual calibration
[see Formula (1)]. By contrast, standard correction coefficients according to Formula (1) are applied
for the compensation of fading and nonlinearity, so that the individual variation of the response due to

these effects shall be minimized, as shown in 5.3.4.2 and 5.3.4.3.

5.3.

Preclse dose determination within the whole scope of application is only possible if all

a ba
who
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notc
is no
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of th
the 3

5.4

5.4.1

TL-iy
contj

NOTH
indic
5.4.2

If thd
mech
the o

dist

ch display, to a large extent, have the same nonlinear behaviour. To verify this requ

charge shall be irradiated with the highest dose expected during applications: In the
lation, the product of the indicated value and the associated calibration coefficient of
‘tor should not deviate more than 1,0 % from the mean value of all thesepreducts. Dete
omply with this requirement should either be sorted out or only be used if the dose to |
[ significantly higher than the reference dose.

.3 Individual variation of fading

to dispatch of the TL detectors, the uniformity of the fading of all TL detectors of the a

ose, the whole batch is irradiated with a dose of the same magnitude as that applied by
lated only after a period of time longer than the gxpected time span between shipmen
e detectors. Detectors, whose evaluation yields a measured value with a fluctuation {
s value of the batch, should not be used.

Requirements for TL-indicating instruments

General remarks

idicating instruments consist of the heating unit and the light-measuring device, as
‘ol unit and the indicating,unit (furnished with a separate computer).

The requirements’for the uncertainty of measurement can make it necessary to cor
hting instrument to.a.power stabilizer.

Mechanical setup

mechanical setup of the TL-indicating instrument influences the response of the dete
lanical functions (e.g. the automatic transport of detectors), the manufacturer shall

detectors of
rement, the
subsequent
every single
rtors that do
e measured

pplied batch

be verified, for instance when quality assurance of therapy dosimeters is carried ¢ut. For this

the user and
[ and return
hat exceeds

well as the

nect the TL-

ctors or the
point out in

pérating guidelines that a horizontal or vibration-free position setup is necessary in or

der to avoid

Thances or Measurement errors.

5.4.3 Warm-up time

The

5.4.4

The

warm-up time shall be indicated in the operating instructions.

Indication and indication range

following requirements are valid for the indicated value and the indication ranges.

a) The operating instructions shall contain sufficient information, e.g. a characteristic line plot, on the
relationship between the indicated value of the TL-indicating instrument and the quantity of light

emitted by the evaluated TL detector.
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b) Theindicated value of the TL-indicating instrument shall be digital. In case of a segment display, the
proper design of the figures shall be verifiable.

c) The switching between the indication ranges of the TL-indicating instrument shall be automatic.
In instruments furnished with more than one indication range, there should not be gaps between
successive indication ranges.

d) Glow curve data should be stored automatically and be easily available in digital format.

5.4.5 Background value
e determrinationof-the-bad trtre—shattbe-otrersintl o S

Details aboy

5.4.6 Overflow indication and effects during evaluation of high doses

A TL-indicat
whose meas
a TL detectd

ment
bd on

ed value exceeding a preset value, and an operating status of the TL-indicating instru
urement sensitivity is impaired by the effects of the glow curve measurement perform
r irradiated with a high dose, shall be clearly indicated to the operator.

5.4.7 Testlight source

A test light

serve as ele
ensure stab
draw conclu

5.4.8 Chaj

If mechanid
available, th
furnished w
instrument.

5.4.9 Med

Component;
constancy o
should be e4

5.4.10 Ligh

The enclosu
instrument

bource may consist of an LED or of a scintillator with integtdted radioactive source. I
ctric or photometric function control of the TL-indicatinginstrument or can be appli
lity of the photomultiplier. However, in general, the test light source does not allow o
sions about the stability of the TL-indicating instrument and the applied TL detectors

hges in the response

al devices for changing the response or\for the correction of influence quantitie
ey should not allow external accessibility or should be adequately labelled, lockable
ith a scale. Changes entered into a computer shall appear on the display of the TL-indic

hanical construction

f the response (e.g. heating device, optical filters, photomultiplier, or photomultiplier
sily accessible.

t shielding

are exposed to a bright daylight illumination of 100 W-m-2, the measured value shoul

increase molre than 1 % within the measuring range indicated by the manufacturer.

needing routine maintenance and whose replacement has no influence on the long-

re of the TL-reading instrument shall be light-tight. If all outside surfaces of the TL-red

t can
ed to
ne to

5 are
and
hting

term
unit)

1ding
i not

5.4.11 Climatic influences

The TL-indicating instrument shall be so constructed as to operate within the minimal rated range of
use given in Table 13. Upon checking the temperature and the humidity level, the absolute humidity
should not exceed the value 10 g:m-3, e.g. 60 % relative humidity at 20 °C air temperature.

5.4.12 Electrical requirements

5.4.12.1 Power supply

The TL-reading instrument shall operate at least with line voltages of 230 V or 110 V in North America
or with more than one line voltage, including 230 V. When fluctuations in the line voltage occur within
the range of -10 % to +15 %, the maximum relative deviation shall not exceed 1 %.
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In order to prevent the TL reading to be affected by spikes and other distortions of high frequency from
the mains, the photomultiplier and its subsequent amplifier should be supplied by a highly stabilized
power supply, for instance, a DC-to-AC converter completely separated from the mains or a buffered
power supply.

5.4.12.2 Line frequency

The TL-reading instrument shall be so constructed as to operate at least with the line frequency of
50 Hz or 60 Hz for North America or with more than one line frequency, including 50 Hz. Upon changes
in the line frequency within the range of -1 Hz to +1 Hz, the relative deviation of the individual value
from the time value shall not exceed 1 %.

5.4.12.3 Electromagnetic disturbances

The
disty
rang
of th
hour

All tq
the 11
toget
corrg
crite

entirety of all electromagnetic disturbances, i.e. of all electromagnetic fields,and lin
rbances, shall not exceed 0,01 Do/N;, see Table 10, where Dy is the lowet limit of th
e for absorbed dose values and N; is the individual calibration factor of anyTL detector. ]
e electromagnetic disturbances used for tests shall be set in such a way as to correspg
use according to the frequency of disturbances given in Table 10.

psts shall be performed according to the International Standatds given in Table 10. |
hinimal rated ranges of use have been extracted from [EC,61000-6-2 and summarized
her with the frequencies of disturbance, the corresponding maximal values of the h
bction factor interval, and the performance criterion A B, or C according to IEC 610
ia A and B are admissible. In case criterion B is admissible, the values given in Table 1(

b-conducted
P measuring
'he duration
nd to a one-

For all tests,
| in Table 10
alf-width of
0-6-2. Only
) refer to the

rbance does
onverted so

dose
not ¢
that

values indicated prior and after the test. If the dufation of the electromagnetic distu
orrespond to a one-hour use, the impact of the electromagnetic disturbance has to be ¢
t corresponds to a one-hour use.

5.4.12.4 Moving connection cables

If single components of the TL-indicatinginstrument are connected by cables whose movinlg influences
the measured value, the manufacturershould indicate this in the operating instructions. In a4ddition, the
cablgs should be labelled accordingly.

5.4.12.5 Feedback from connected instruments

Output plugs on the TLYindicating instrument used for the connection of, e.g. plotte
computers, shall be-short-circuit resistant.

r's, printers,

5.4.12.6 Electrical safety

TL-indicating instruments shall comply with the requirements of IEC 60601-1.

5.4.

oY 2P.Y g 1 £t S P g £C g £z
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5.4.12.8 Detection of function failure

The function of parameters (e.g. high voltage, temperature, heat gas) that could influence the measured
value shall continuously be controlled by the TL-indicating instrument. Their value or status should be
indicated or be observable prior to each measurement. If tolerance limits are exceeded, the affected
measured value shall be marked accordingly. Furthermore, the following measurement can only be
performed after the user has confirmed the former measurement. The function of the data output
interface for a connected instrument shall be controlled in the same manner. In case of failure, the
automatic evaluation shall also be interrupted. The cause for the interruption shall be identifiable to
the user (e.g. symbol, error code) and the affected measured value shall be marked accordingly. Loss of
measured values caused by function errors shall be limited to two lost measured values.
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5.4.12.9 Data backup

The documentation of the measured value (e.g. print out, saving to media) shall be guaranteed in order
to enable the evaluation of the next TL detector.

5.4.12.10 Automatic TL-indicating instruments

With automatic TL-indicating instruments, the evaluation of TL detectors is performed successively
without the user’s intervention.

5.4.12.11 Indication of the operating status
The actual tLperating status shall be, at any time, identifiable to the user by means of an appropriate
indication, €.g. by symbols or acoustic signals.
5.4.12.12 Frequency of function failures
Mechanical,[optical, electronic, and electromagnetic components of a TLD systemshall be so constrycted
as to ensure a high operation safety standard. The occurrence of function_ failures shall not eyceed
0,01 %.
Table 10[— Operation characteristics of TLD systems in the caseof disturbances caused by
electromagnetic fields and line-conducted disturbancesa
oo . Maximum
. Tes? cpiterion Minimal rated Testing method Disturbance alteration S
Line | orinfluence | range ofuse of the di f findi d Criteriona
udntity influence quantity according to requency of indicate
q value, Msb
1 |Totalimpactof |[Seelines2to9 ofthis|See lines 001Dy Y M —
the ele¢tromag- |table 2 to 9 of this table N; Lines
netic distur- 2bis9
bances|in lines
2to9
2 |Electrostatic 0kVto+8KkV [IEC 61000-4-2 10 0,007 Do/N; B
dischaige, air discharge disturbances
charging voltage [0 kV to + 4 kV per hour
contact discharge
3 |External 80 MHz to 1 GHz IEC 61000-4-3 10 % of time 0,007 Do/N; A
electromag- 0V/m to 10.V/m
netic figld, field |(unmodulated mean
strength and value)
moduldtion 80.%AM (1 kHz)
4 |External elec- 800 MHz to 960 MHz [IEC 61000-4-3 10 % of time 0,007 Do/N; A
tromagnetic 0'V/m to 20 V/m
field of|cellular~|1,4 GHz to 2,0 GHz
phones| field and 0 V/mto 15 V/m
strength and (unmodulated mean
modulation value)
80 % AM (1 kHz)
5 |Line-conducted [0kVto+2kV IEC 61000-4-4 10 distur- 0,007 Do/N; B
disturbances 5/50 s (tr/tn) bances per
caused by rapid hour
transients /
bursts, peak
voltage

a  SeelEC61000-6-2.

b Dy is the lower limit of the measuring range; N; is the calibration coefficient of the detector(s) used for this test.
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Test criterion Minimal rated Maximum
. . Testing method Disturbance alteration -
Line | orinfluence | range ofuse of the - . Criteriona
- . . according to frequency of indicated
quantity influence quantity
value, Msb
6 |Conducted 0kVto =2 kV dis- IEC 61000-4-5 10 distur- 0,007 Do/N; B
disturbances symetric bances per
caused by volt- [0kVto +1kV sym- hour
age peak, peak |metric
voltage, and 1,2/50 (8/20) us
rise time (tr/tn)
7 || Conducted 150 kHz to 80 MHz |[IEC 61000-4-6 10 % of time 0,007 Do/N; A
disturbances 0Vto 10V (unmod-
caused by high |ulated mean value)
frequency, 80 % AM (1 kHz)
frequency, and
voltage
8 [|Magnetic 0A/mto30A/m IEC 61000-4-8 10 % of time 0,007 Do/N; A
50 Hz-field, field
strength
9 ||Voltage dips / 10 ms (30 % reduc- [IEC 61000-4-11 10 distur- 0,007 Do/N; B
short interrup- |[tion) bancesper
tions, duration |100 ms (60 % reduc- hour
tion)
a  {eelEC61000-6-2.
b pg is the lower limit of the measuring range; N; is the calibration coefficient of the detector(s) used for thjs test.
5.4.12.13 Failure of technical supply
In cape of failure of a technical supply (e.g. line voltage, heat gas, water cooling system), the njeasurement

cyclg
by th

5.4.1

In calse of failure of a connected/instrument, the automatic measuring process shall be int

the 1
aften

5.4.1

5.4.1
The

applies@specially to automatically working TL-indicating instruments.

shall automatically be interrupted. After recovery, the measurement cycle may only |
e user. Loss of measured values causéed by the failure shall be limited to two lost meas

2.14 Failure of a connected instrument

L-indicating instrument;the data shall be saved in such a manner as to be made av4
restoring the instpument state.

3 Data output and data backup

3.1 Genteral information

['L-indicating instrument shall be designed to prevent data loss caused by function

be restarted
ured values.

errupted. In
ilable again

errors. This

5.4.13.2 Measurement data

The TL-indicating instrument should possess an interface for the connection with output media. At least
one interface of the TL-indicating instrument shall be standardized.

5.4.13.3 Glow curve

The TL-indicating instrument shall possess an analogue or digital interface for recording, and if required,
for analysing the glow curve.
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5.5 Requirements for auxiliary instruments (pre-irradiation annealing device)

5.5.1 Pre-

irradiation annealing

In order to ensure their reusability, the TL detectors shall undergo pre-irradiation annealing prior to
irradiation. More details shall be given in the operating instructions for an oven that would be within

the TL-indic

ating instrument.

5.5.2 Construction

Regarding

perating state, mechanical construction, and resistance against climatic influenc

€S, a

separate ovg

5.5.3 Eled

Regardingli
disturbance

5.54 Ope
The operati

operating p
clearly stru

5.5.5 Det

Parameters
control. If th
the pre-irra
of the intern

5.5.6

At any time
indication, €

5.6 Requ

5.6.1 Min

The measur
measuring 1
the total un

Ine power supply, line frequency, and protection against power line disturbahgés and ext
fields, a separate oven has to meet the same requirements as the TL-indicating instrument.

Indication of the operating state

irements for the‘entire TLD system

bn has to meet the same requirements as the TL-indicating instrument.

trical requirements

ration safety

nsafety of manually operated ovens shall be ensured by clearly labelled and easily acces
hrts. The operation safety of processor- or computer-controlled ovens shall be ensurg
tured programs.

pction of function failure

which influence the temperature-time profile,shall be submitted to a continuous int

diation annealing or post-irradiation annealing process shall be interrupted and the
uption shall be indicated.

the actual operating staté:shall be identifiable to the user by means of an approp
.g. by symbols or acoustic'signals.

jmum measQring ranges

ngrangeofa TLD system according to this International Standard shall comprise a mini
ange@asgiven in Table 11. The measuring range is that part of the indication range for v
Cerfainty of measurement, 2s, (see ISO/IEC Guide 98-3) complies with the indicated v

given in Tab]
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