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Introduction

The preceding chapter of this syllabus details a series of steps that are necessary to establish a
good quality Panasonic TLD process.

Larger Panasonic TLD processing laboratories typically have multiple TLD readers, often of
different models. Even when all readers in a laboratory are of the same model, it is common that
there will be variations in individual reader performance. Therefore, it is important to determine
that the various TLD readers in an individual laboratory can be used interchangeably and can be
relied upon to produce statistically similar results when the same TLD is processed in different
reader s. This determination is referred to a

The objective of reader matching is to adjust each TLD reader in the laboratory so that
(theoretically) a TLD will experience the same pattern of heating whenever the TLD is read.
Recalling that the dose to the individual i s
portion of the glow curve, the following graph illustrates the relationship between the timing

settings, the heat profile measured in the convergence cone and the resulting glow curve.
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Glow Curve & Heat Profile - TLD # 2-501889 (Element 3)
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(Source: Dicey, Bruce B., Trouble-shooting the First Panasonic UD-7900 Automatic TLD Reader, Proceedings of
18™ Annual Panasonic International Dosimetry Symposium, 1999.)

There are several methods to verify that readers are matched:

e Characterize and adj ust reader heat

measuring thermal noise and short term fade.

» Adjust reader heating using the MicroDesigns Thermal Curve Adapter

» Evaluate reader performance using a digital oscilloscope to quantify Low Glow counts,
Lamp Voltage timing, and Gate information.

Additional specialized measurements may also be made to evaluate reader matching through use
of instruments such as the MicroDesigns LMP-7900 Lamp Bias Controller (currently in
advanced prototype testing stage)

All of these approaches have a common goal of quantifying the amount of heat that is delivered
to the TLD by the heat lamp. The relationship between the lamp flashes, heating, and the
associated timing parameters is illustrated in the following diagram:
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Matching of readers can be a complex task, particularly when the laboratory has more than one

reader type. For example, the Panasonic UD-710 and the UD-706 / 716 have significantly

different heating protocols — the UD-710 is typically operated at a much higher voltage than is

the UD-706 / 716. The higher voltage of the UD-7 1 0 pr ovi ded natingdfthé st r on
TLD, resulting in shorter read times but greater stress on the dosimeter. The UD-706 /716 TLD
reader uses a | ower voltage, with dbseneterituter  he
longer read times. Due to design differences in the power supplies, the UD-710 and UD-706/716

readers can NOT be operated at the same voltage — making reader matching much more difficult.

The UD-7900 TLD reader has an advanced power supply and is designed to be operated over a

wide voltage range. Theoretically it should be easier to match a UD-7900 reader to other model

readers than it is to match the UD-710 to the UD-706 / 716 readers.

In order to address the issue of stress on dosimeters from the strong heating conditions of the

UD-710, the Matushita Industrial Equipment Company of America (MIECO-A) developed a

device that modifies the heating conditions of the UD-710, making possible operation at lower

voltages more closely approximating the operating conditions of the UD-706 / 716 readers. This

devi ce, the WwWaeft nGyall ¢ eBoxt a number of TLD
Box” was di s c o n-1900lDeaedder avds intevducedtard & noWbByer supported

by Panasonic.

Following are brief discussions of three major techniques for reader matching.

Characterize Thermal Noise and Short-Term Fade

1 The manufacturer has described a procedure for initial characterization of reader heating.
This procedure depends only on the availability of heating adjustment dosimeters containing

o T 2

Anneal time — Cool-down
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the phosphors Li,B40; and CaSO, and a stabilized power supply

1 Reader heating characteristics are documented by measuring two characteristics: Thermal
Noise and Short-Term Fade

1 Thermal Noise is defined as the incandescent light emission in the DOSE area of a TLD
reading. TLDs used to measure thermal noise must have a very low dose history and are
never irradiated after the Panasonic manufacturing process is complete.

1 Dosimeter Fade is defined as the release of low energy thermoluminescent dosimeter traps
due to “room” temperature annealing. That
rapidly.

1 Short-Term Fade is defined as the TLD signal decrease in the time interval between the
fastest time a processor can read 5 TLDs after irradiation and the response after
approximately one day (24 hours) has elapsed

1 Long-Term Fade is defined as the TLD signal decrease with time over the longest period the
processor will allow between irradiation and reading. A time interval of 3 to 5 weeks is
specified to insure consistent results without interfering with operational requirements.

1 Measuring and setting of heating parameters is an interative process — often requiring several
sets of measurements and exercise of professional judgement to achieve the optimum
combination of heating characteristics. In recognition of this, the manufacturer has
established two sets of tolerance limits for acceptable heating conditions, as shown on the
following table.

Characteristic Should Be Must Be
Thermal Noise for Li,B40 < 3mR® " 5.0 mR*
Thermal Noise for CaSO, © 1.0 mR* " 5.0 mR*
Short-Term Fade Ratio for Li,B40; " 1.05 (+5%) " 1.10 (+10%)
Short-Term Fade Ratio for CaSO, " 1.05 (+5%) " 1.10 (+10%)
Long-Term Fade Ratio for Li,B40 " 0.90 (+10%)
Long-Term Fade Ratio for CaSQ, < 0.95 (+5%)

Ref : Panasoni c U806/UH746, MeBnpage b.17f86.2 UD

1 Heating characteristics should be determined for each production lot of dosimeters in the
inventory to confirm that dosimeters of the same type but varying production lots are
interchangeable.

1 Preparation:
1 Set aside 100 dosimeters that have never been irradiated for use as heating adjustment
dosimeters.
1 Do NOT irradiate these dosimeters for ECFs.
1 Designate 75 dosimeters to measure short term fading. These dosimeters will be

irradiated as part of the heating adjustment process.

Designate 25 dosimeters to measure thermal noise. These dosimeters will never be
irradiated.

Ensure that dosimeters designated as heating adjustment dosimeters are physically
segregated from field and ECF reference dosimeters.

1 Using the reader control software package, obtain a Parameter Dump for the reader

= =4
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being tested.

1 Setlinitial Heating Conditions

1 Set the initial heating conditions (lamp potential and timing parameters) to the values

that were appropriate when the reader was last used. The following table shows
typical initial lamp potential and timing parameter values for the Panasonic UD-716
and UD-7900 series TLD readers. The following illustrates the relationship of these
parameters to lamp flashes and the main components of the resulting signal. If these
values are unknown, or if they seem to be inappropriate, then set the initial heating
conditions to the default values given in the following table before beginning the
procedure.
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Lamp Flashes (tlypical UD-7900m)
Parameter TO ; T1 | T2 | T3

Time (ms) 1 600 100

Integrator

Default Reader Heating Evaluation Parameters

UD-706 /
UD-710 716 UD-7900*
Typical Lamp Potential (volts) 12.25 4.0 4.61
TYPICAL VALUE (ms)
PHOSPHOR NAME PARAMETER UD-710 UD-716 UD-7900
T1 P-01 65 400 475
CaSO, T2 P-02 500 600 600
T3 P-03 50 100 150
T1’ P-46 65 400 500
Li,B40; T2’ P-47 500 600 600
T3’ P-48 50 100 25

*When configured to emulate a Panasonic UD-716 TLD reader. Settings needed to emulate another model
reader such as a Panasonic UD-710 must be determined experimentally.

Weak heating conditions will cause the glow curve to be shifted to the right. Strong
heating conditions will cause the glow curve to be shifted to the left. If both Li,B40O; and
CaSQ, are heating too weakly or too strongly, increase or decrease the lamp potential,
respectively. Never exceed 14.00 volts.

1 Reader Parameters Influencing Heating

1

1
1
1

The values of T1'and T1 primarily control fading of Li,B40; and CaSQ, , respectively.
If one phosphor shows excessive short-term fading, then increase the appropriate timing
parameter.

These parameters should not be increased above 80 ms.

If it appears necessary to do so, then either the lamp is defective or there is a major heat
sink in the heating assembly of the TLD reader.
The values of T3' and T3 primarily control the thermal noise of Li,B,0O; and CaSQ,,
respectively.
If one phosphor shows excessive thermal noise, then decrease the appropriate timing
parameter.
It should not be necessary to reduce these parameters below about 20 ms.

1 However, values less than 20 ms can be used if necessary.

1 A detailed description of the process for evaluating Thermal Noise and Short Term Fade may
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be found in Chapter 4 of the Syllabus

Matching Readers with a Thermal Curve Adapter

P TS The MicroDesigns Thermal Curve

' Adapter is an accessory fixture that allows
direct measurement of the badge heating
cycle in a Panasonic TLD reader.

When used with a MICRODESIGNS
GCI/1, GCI/2, GCI/3 glow-curve interface
or a Panasonic UD-791A, the digitized
thermal curve generated by the TCA/1
may be observed on a host computer's
graphics display, analyzed, and stored for
later reference. Third-party software
vendors support the TCA/1, managing
thermal curve calibration data as part of a complete personnel dose data management package.

The TCA/1 Thermal Curve Adapter contains a heating lamp mounting fixture, a TLD element
card with an embedded thermocouple, a precision temperature-tofrequency converter, and an
integral microprocessor controlling a four-line LCD character display. A photomultiplier tube
plug, lamp power extension cable, and external wall-mounted power supply are provided with
the TCA/1.

The TCA/1 connects between the TLD reader and the glow-curve interface and substitutes its
thermal curve signal for the digital photon glow-curve signal from the reader. To make a thermal
curve measurement, the reader's heating lamp and convergence cone assembly is first removed
from the reader and installed in the TCA/1; the supplied photomultiplier tube plug is installed in
its place in the reader. Next, the TCA/1's lamp power extension cable is connected between the
reader and the TCA/L. A glow-curve data cable is connected between the reader and the TCA/1
and another between the TCA/1 and the glow-curve interface. After modifying several
parameters in the reader, the reader is started and thermal curve acquisition begins.

When the captured data is read out of the glow-curve interface, thermal curve data is collected in
place of photon curve data while "tick" marks (if captured) are captured normally. The glow-
curve interface cannot distinguish between incoming temperature data and normal glow-curve
data. Of course, the host computer must properly interpret the data as a thermal curve.

'Description of Thermal Curve Adapter from MicroDesigns
February, 1993 (Reprinted by permission)
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Besides providing thermal curve capture with an external glow-curve interface, the TCA/1's
internal microprocessor also captures and displays the baseline temperature and up to three peak
temperatures, making it usable for standalone thermal analysis.

The TCA was originally designed for use with Panasonic model UD-806, 710, and 716 TLD
readers. In the case of laboratories with a Panasonic UD-7900 TLD reader desiring to use the
TCA to evaluate reader heating, special modifications to the TCA must be made by the
manufacturer. Once these have been completed, MicroDesigns has developed a protocol for use
of the TCA in this specialized application. The TCA does capture UD-7900 thermal curves, but
the current UD-7900 reader control software does not properly implement all of the UD-710A
timing parameters in cases where the user wishes to compare a UD-7900 to a UD-710. Reader
control software modifications for the UD-7900 are currently planned.

Matching Readers with a Digital Oscilloscope

9 A third technique for matching TLD readers is to first set the Li,B40; glow curve PRE /
DOSE ratio to between 2 and 7%, depending on the results of thermal noise and short term
fade determinations (conducted as described above).

1 Once this is completed, a digital oscilloscope is used to measure low glow counts, lamp
voltage timing, and gate information.

1 The output connections for these three signals are readily available in the Panasonic UD-
710 and UD-716 TLD readers. Gate information is not available with the UD-7900 reader
because it 1 s cal cul &hisead be balgulatedmanuallyavghd er * s ¢
the lamp flashes are captured with a digital oscilloscope.

91 The recommended setting for the digital oscilloscope is a rise time for CaSO, of 128 ms and
a rise time for Li,B40; of 148 ms. (Rise time is defined as the time from the beginning of
integration of the dose curve to its peak height).

1 Exact settings are a matter of professional judgement.

1 Agood goal is to set the heating to fully integrate the DOSE portion of the glow curve
and to have a CaSO, POST / DOSE ratio of 20% or less.

9 This method for evaluating reader heating and matching reduces the systematic factors that
can alter the final results. In addition, it provides a rapid method for quantifying the heating
conditions of multiple readers, including differing models.

9 Detailed procedures for this method of reader matching are currently being developed by Mr.
R. Cadogan at Argonne National Laboratory in Illinois.
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Summary

1 This chapter has outlined several methods for evaluating reader heating and for matching
different models of Panasonic TLD readers.

1 The following two pictures graphically illustrate the critical correlations between voltage,
timing, and the resulting glow curves.

1 Establishing of consistent reader timing and heating is critical for good quality dosimetry
operations because it is the DOSE portion of the glow curve that is used to calculate
dosimeter response and then is used by the dose algorithm to estimate the radiation dose
equivalent an individual wearing that dosimeter likely received.
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