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ABSTRACT

i

An Evaluation of the Panasonic Model UDSI3AC-1

Thermoluminescence Dosimetry System. (December 1991)

Russell Edward Durrer Jr., B.S., Texas A&M University

Chair of Advisory Committee: Dr. John W. Poston

An evaluation of the Panasonic UD513AC-I

Thermoluminescence Dosimetry system was performed to

determine the system's capabilities as a general purpose

thermoluminescence dosimeter measuring device. The tests

that were performed included; a critique of the user's

manual, delimitation of the operating parameters, the

quality of construction, and an evaluation of the features

that were unique to this system.

The UDSI3AC-I was found to be an adequate measuring

device for most dosimetric applications. It was not well

suited for experimental work with thermoluminescence

materials due to a low sensitivity displayed by the

photomultiplier tube to commonly used materials. The

materials tested during this research were Li2B,O_(Mn),

LiF(Mg,Ti), and CaF2(Dy). The system was well constructed

and did not suffer hardware failure during this research.

Major attributes of the UDSI3AC-I were automatic data

storage, higl_ly reproducible heating ramps, an excellent
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infrared light filter, and a unique feature to a single

phosphor unit, a dose determination function. Negative

aspects of the system included a limited data manipulation

capability within the controlling program, a poorly written

user's manual, inadequate sensitivity on the part of the

photomultiplier tube, and insufficient capability to adjust

the hot N2 gas flow to desired levels.
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INTRODUCTION

The thermoluminescence dosimeter (TLD), has been used

in radiation dosimetry as a reasonable and relatively

accurate method of measuring the integrated absorbed dose to

personnel and for environmental radiation field monitoring.

The TLD "reader" is the main component in quantifying the

energy absorbed by the TLD to a meaningful measure of the

absorbed dose. The reader is composed of two primary

components: a device to heat the phosphor to stimulate light

emission, and a unit to measure the light emitted by the

heated TLD chip. Ancillary components include data display,

integration of the light output and other items that can

increase the ease of interpretation of the readout process.

The reader in a TLD system provides the user with the

response of the TLD after it has been irradiated. The

information provided by the reader, depending on its design,

can range from a simple glow curve to a calculated exposure

measured by the TLD. Generally, the dosimetry requirements

of the user dictate the pertinent information for use in the

dosimetry program. Typical examples include personnel

doslmetry in the nuclear power industry, doses delivered to

patients in medical applications, investigations at research

institutions, and environmental monitoring at a variety of

facilities.

Thlsth,,i, 011ow,thestyle .ealthPhysic,.



At nuclear power plants, information is needed about

the dose contributions of neutrons, photons and beta

particles. A user must be able to analyze the TLD response

through glow curve analysis to deconvolute the dose

fractions from each of the different radiations present. In

medical physics, one modality of radiation is normally used

at a time. This will eliminate the need for a detailed

analysis by the operator in radiotherapy and diagnostic dose

assessment. The medical physicist demands accuracy in the

measurement of these doses with a dosimetry system that can

provide assessment to within ± 5% (Keller and Rubin 1983).

The use of the TLD reader in a research institution requires

the capability of performing a readout of a TLD in a manner

that can be quite different from that of routine dosimetry.

A research institution will require that a TLD reader aid in

the analysis of the effects of different radiation

modalities, development of modified and new

thermoluminescence (TL) materials, as well as usage for the

instruction of the TL process itself. In the measurement of

absorbed doses during environmental monitoring, the reader

must be sensitive to the low doses that have been

accumulated over long periods of time. This application will

therefore require a reader with a high signal to noise ratio

to differentiate between the background TL of the phosphor

and that caused by the low absorbed dose from normal

environmental exposure.



For one reader to be of practical use to all of these

users, it will need to meet certain basic specifications.

These criteria include: assuring accurate, precise dose

assessment, providing the operator with an easy to use

system, and delivering the results from an absorbed dose

measurement in a form that is meaningful for a wide range of

applications.

One TLD reader that appears to meet the aforementioned

criteria was the Panasonic _ model UDSI3AC-I

Thermoluminescence Dosimetry System Measuring Unit. The

reader unit was small, resting on a table-top along with its

controlling personal computer. It has been designed to

e_aluate a single chip per cycle. The reader used heated N2

gas to stimulate light emission. Each phosphor must be

placed in the reading position manually. The controlling

program allows the user to vary many of the parameters

involved in the reading of a TLD chip. A unique feature of

this reader was the output of the absorbed dose. By

comparison, most readers of this type have an output in

terms of light output or photomultiplier tube current. The

UDS13AC-I measuring unit has an output in terms of absorbed

dose. This output has been achieved through the use of a

calibration factor for a particular TLD type under a given

set of readout conditions.

IPanasonic Industrial Company, Two Panasonic Way
Secaucus, NJ 07094.



The reader was designed to allow flexibility in a

variety of TLD applications. The personal computer and the

associated controlling program increased the system's

potential for differing applications.

To determine the capabilities of the UDSI3AC-I TLD

reader, a series of tests were performed. The tests included

an evaluation of the design and reliability of the

mechanical components of the unit and the characteristics of

the electronic components. Additionally, the user manual was

critiqued for two levels of user familiarity with TLD

readers. The first level was that of a beginner and the

second that of the experienced user. The computer-operator

interface was examined for user friendliness as well as the

data manipulation capabilities of the controlling program.

Lastly, the TLD reader's performance with several TL

phosphors was characterized. These tests included

sensitivity to different phosphors and an assessment of the

dose determination function of the reader for these

phosphors. The UDSI3AC-I operation and data output were

compared to a similar reader made by the Harshaw Chemical

Company 2. The Harshaw reader, model 2000/2080, has a

similar design, i.e., a single phosphor reader with a

glowcurve output. The comparison was made for similarities

as well as differences.

2The Harshaw Chemical Company, 6801 Cochran Road Solon,
OH 44139.



METHODS

The series of evaluations performed in this research

were selected to expose the strengths and weaknesses of the

UDSI3AC-I as a multipurpose TLD reader. The reader was

subjected to these tests repeatedly to reduce the operator

associated error and to determine the repeatability of a set

of results. The tests covered a wide range of reader

functions and are described below.

Critique of the User's Manual

The user's manual has normally been the first point of

contact for an operator and a new piece of equipment. The

manual must have instructions sufficient for the operator to

begin to use the item. It must be written in such a fashion

that there will be little confusion as to meaning or

direction of the instructions the user's manual contains.

The information should be logically grouped so the user will

not have to search through the manual to find all of the

information needed for an application. The user's manual for

the UDSI3AC-I was examined to see if the first-tlme user

would experience difficulty in operating the reader. Also,

it was reviewed to see if sufficient information was

provided to the experienced user for advanced applications.

The first-time user of the UDSI3AC-I reader needs the

information that will be used to assemble the required



components of the system. The description of the components

should be clear with accompanying diagrams to facilitate the

setup of the unit. A brief description of ths function of

each component would be desirable as would a schematic

drawing to depict the relationship between the components.

Since this reader has a computer program controlling

virtually every aspect of the read operation, the user's

manual should describe how the program works. This includes:

a description of the screens, what happens when different

options have been exercised, and what to do when an error

message has been encountered. To use the program, the new

user requires initial input values for the parameters that

can be changed by the operator. Once given, a starting value

for a parameter can then be improved upon with guidance from

the manual.

The experienced TLD user requires much of the same

information and instruction for use in operating a new TLD

reader. The difference will be found in the type of

information provided. This user requires a detailed

description of the TLD system and the controlling program.

With a more detailed description of the operating

parameters, the experienced user can customize the

performance to meet a required standard.

Mechanical Components

The mechanical components of the UDSI3AC-1 were tested



for reliability and the quality of their design and

construction. These components included the slider, the TLD

phosphor holder, and the N= gas flowmeter. Each of these

items were critical during the read operation. To evaluate

these components, the utility, operating ease, cleaning, and

quality of construction of each was studied.

The slider was used to move the phosphor in and out of

the heating chamber. This part was shown in Figure I. It was

studied as to the ease by which it could be inserted and

withdrawn from the reader unit. The slider was repeatedly

cycled to test this operation. An integral part of the

slider was the incandescent light filter and light guide. It

was evaluated for ease of cleaning.

Attached to the slider, above the light guide, was the

TLD phosphor holder. This component was removable to

facilitate cleaning of it and the top surface of the light

guide. This design was analyzed for security of the

phosphor when the hot N2 gas impinged on the surface of the

chip. Also, the design of the holder was studied for heat
i

transfer from it to the phosphor it held. As the heating

medium was a hot gas, it was desirable that heat input to

the chip from the holder was kept at a minimum. This feature

should improve the reproducibility of the heating ramps.

The last mechanical component evaluated was the N2

flowmeter. Its design was studied for the ease by which the

scale could be read and the adequacy of its increments.



"0" Ring Gaskets TL Phosphor Phosphor Holder

(Typ. 4) (Metallic)

Incandescent Light Filter Slider Pull Knob
and Light Guide

Figure I. Section of the UD513AC-! slider assembly.



Additionally, the adjustment knob should be easy to turn and

allow precise adjustment of the gas flow.

Electrical Components

The primary electronic component of the UD513AC-1TLD

reader was the photomultiplier tube (PMT). The PMT was

checked for a wide variety of performance specifications

during the operation of the read cycle. The variations of

the thermionic emission (dark current) of the PMT were

checked under a wide set of conditions which included

immediately after warmup, after multiple chip readings, and

after long idle periods. The reader came equipped with a

zero volume control that was used to eliminate the

registration of the dark current produced by the PMT. This

control was evalulted with respect to its adequacy.

Small variation in the applied high voltage can

drastically effect the PMT electron gain. The changes in

supplied high voltage were noted during every read operation

to determine if there were significant changes. The

sensitivity of a reader depends on the PMT and the PMT

sensitivity relies on a high slgnal to noise ratio. This

ratio was found by reading an unexposed phosphor with the

zero volume turned completely down and then repeating the

measurement with a chip exposed to one red. The last PMT

quality tested was the response to different wavelengths of

light. To test this property, different phosphor types were



10

used. For long wavelengths, Li2B_O_(Mn) was used with a peak

emission at 600 nm (Gorbics 1966). For short wavelengths,

i
LiF(Mg,Ti) was used with a main emission line of 400 nm

(Gorbics 1966). CaF,(Dy) was used with major emission lines

of 460, 483.5, and 576.5 nm (Binder and Cameron 1969). These

selections also correspond to three popular phosphors used

in TL applications.

Computer-Operator Interface

The UD513AC-1TLD reader was operated through a program

that was run on the contro11_ng personal computer. The

program was evaluated for several features. These features

included the level of computer literacy required to operate

the reader and the functions the program executed.

The level of computer literacy required for the reader

would be expected to be low. In almost all of the examples

previously described for use of the reader, the operator

would not be expected to be one who was knowledgeable about

computers. With this frame of reference, the controlling

program was examined to determine how self-contained and

easy to understand the on-screen instructions were.

Another feature, program functions, was tested as to

the instruction needed to execute and the information

delivered. The data manipulation and display capabilities of

this reader were examined. These included absorbed dose and

glowcurve display. The program was evaluated to determine
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what limits existed as to the capability to modify these

displays for the extraction of new information.

The last function explored was that of changing the

parameters that controlled the operation of the reader. This

function was evaluated for the ease in which a parameter

could be changed and the adequacy of the range of available

values.

Heater Performance

The operation of the heating unit in any TLD reader is

crucial to performing repeatable dose measurements. The key

to reproducible measurements was a reproducible temperature

ramp in the TL phosphor. To verify consistent temperature

ramping, phosphors were read and the time until the

characteristic peaks (glowpeaks) of the TL material appeared

was noted. This test was performed under conditions similar

to those expected during routine use of the reader. These

values were compared as to their variation from each other

and from the mean value of the set.

The capability of the heater to maintain a readout

temperature was tested. The test consisted of readout

periods of various lengths. The temperature at the beginning

of each read was noted. Variation in the temperature for a

given readout time length was evaluated as well as the

effect of the length of time between successive reads. A

study was also performed to vary the heating rate of the
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phosphors through changes in the N, flowrate. Changes in the

flowrate were made and the effect on the appearance of the

glowpeaks as a function of time was noted.

Another heater related test that was performed involved

the metallic phosphor holder. As a series of phosphors were

read, the holder would increase in temperature. This in turn

would increase the production of infrared light. This test

was used to determine two parameters. The first parameter

was the effect of an elevated temperature of the holder on

the measured dose. The second parameter was the efficacy of

the infrared filter in reducing this light. Any limitations

and effects were noted.

Dose Algorithms

One of the unique features of the UD513AC-1 was the

cap_Dility to determine an absorbed dose directly from the

light output of the TLD. This function was evaluated with a

variety of tests that ranged from determining the minimum

detectable dose (MDD), to determining how closely the

measured dose and the delivered dose matched on a series of

exposures. While the program allowed for four TLD "types",

in actuality each of the four may be the same TL material

with a different set of dose conversion parameters. This

allowed a single TL material to be used with up to four

calibrated irradiation conditions.

The calibration factor for an irradiation condition was
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determined as described in the calibration section of the

user's manual and a short synopsis is given below. A set of

TLD's were exposed to the absorbed dose that was desired for

use in determining a calibration factor. The phosphors were

then read with the reader and the average measured dose was

recorded. A ratio of this dose to the delivered dose was

made for use in adjusting the calibration factor used to

read the phosphors. This relationship was_

CF, = CFo . (D,/D.) . S, • F (1)

where CF. was the new calibration factor, CFo was the old

calibration factor, D_ and D= were the delivered and

measured dose, respectively. S, was the sensitivity

correction for the phosphor and F was the fading correction

factor. The new calibration factor was then entered as a new

parameter to be used on subsequent "reads" with that set of

phosphors.

The first series of performance tests made for dose

determination were to involve a set of exposures from one

tad to 1000 tad. The phosphors used for this test were

LiF(Mg,Ti), CaF2(Dy), and Li,B40_(Mn). The phosphors were

calibrated at one tad for this exposure set. The TLD's were

exposed to a calibrated secondary standard beta source _,

and a small gamma ray sealed source. The beta source was

_Sr/_¥ with a total activity of 100 mCi. The gamma-ray

'Buchler GmbH, Harxbuetteler Strasse 3, D-3300
Braunschweig Germany.
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source was '"Co with an activity of 37.8 mCi. Two modalities

of radiation were used to verify that no difference would

exist in the measured dose. If no difference was found, then

the "°Sr/_Y would be used for all subsequent exposures as it

had a higher exposure rate. The same exposures were repeated

in another test for these phosphors with the difference

being a different calibration point. For these exposures, a

200 tad calibration was used. This value was selected to

verify that the absorbed dose measured by the reader could

be brought into close agreement with the delivered dose at

high exposure levels. This test was used to determine, over

a limited range of values, if the effects of dose

supralinearity could be compensated (Cameron et al 1967).

Another test performed was one to determine the MDD for

the same three TL materials previously used. The exposures

were made starting with one rad which was also the

calibration point. The exposure was halved each time until

the displayed absorbed dose showed large fluctuation or was

reported as a zero. When this occurred, the exposures were

then made from the last exposure prior to the fluctuation or

zero. Small decrements in the exposure were made until a MDD

was found. As LiF(Mg,Ti) has a low intrinsic efficiency when

compared to other phosphors (Oberhofer and Scharmann 1981),

a second set of exposures were made using a lower

calibration at 0.5 tad.
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It was presumed that this change would aid in determining

the MDD as it would represent a value closer to it.

Accuracy in dose assessment requires a high degree of

reproducibility in a TLD system. Many tests have been made

to determine this performance indicator for TL materials.

The values for most TLD materials range from 0.9% to 10%

(Oberhofer and Scbarmann 1981). Repeated exposures at one

tad were performed for LiF(Mg,Ti) and CaF,(Dy) to determine

how well the UD513AC-1 could reproduce a constant value for

the absorbed dose. Variations in the exposure mode and

phosphor response would be considered and subtracted from

the total to find the reader variation. A second test of

this capability was performed using the built-in standard

light source. This source, _'C in plastlo, was used as a

constant light source for the PMT. Ten measurements were

made at a time using the calibration procedure that was

built into the controlling program. These measurements

should indicate the variation due only to the reader since

the other sources of variation in the light delivered to the

PMT had been eliminated. It was assumed tha_ the plastic in

l
the light source would not heat appz-eciably over the short

time interval the measurements were made. The heating of the

plastic in which the _4C was embedded would cause a

reduction in the intensity of the ligh_ emitted (Burghkhardt

and Piesch 1981).



16

Comparison to the Harshaw 2000/2080

A series of comparisons were made to determine the

major differences between the UDSI3AC-I and the 2000/2080.

The first test was that of the signal-to-noise (S/N) ratio

using LiF(Mg,Ti) phosphors exposed to one tad absorbed dose

from beta radiation. A phosphor was measured in the annealed

state for a noise measurement and then it was exposed to one

rad and measured again for a signal determination. A

comparison was made of the S/N values for each reader. For

the UDSI3AC-I, the zero volume control was rotated until its

effect was completely negated.

The glowcurve display and its manipulation capability

were the next aspects compared. The readers were compared

for the size of the curve and the capacity for extracting

information from the glowcurve. This information included

values of the various glowpeaks, the area under those peaks,

and the variability of the timescale over which the phosphor

was measured. The readers were then examined for ease of use

and how much preparation was needed before the measurement

process was started.

The last of the comparisons was the type of heating

used to stimulate light emission, the dose assessment

function, if any, and the efficacy of the infrared filter.

Each reader was examined in turn for these features. Any

differences were noted.
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_S_TS

User's Manual

The instructions given in the manual were inadequate

for use by anyone not familiar with the operation of the

reader. Insufficient explanation was given and it was not

presented in an orderly fashion. An example of this

deficiency was found in the calibration procedure.

The calibration procedure began with a brief discussion

of the overall process. It then tried to explain the

parameters involved in the calibration. A major difficulty

was encountered at this point with the explanation of

parameter 20. This parameter determines the denominator in

the dose per unit light output factor used for dose

determination. The allowed values were three, four, and

five. These values were used in the form i0', 104 , and 105

but were noted in the calibration procedure as 1/10A with

"A" representing the parameter. "A" was actually an index

for the exponent. This information was found in the

parameter description section of the manual. This example

illustrated the lack of organization that was found

throughout the manual. Any user would have been confused

since the information needed to understand this section of

the manual was scattered throughout the manual.

In describing the setup of the reader and its

controlling computer, the information provided by the user's
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manual was minimal. The figures depicting the components

were adequate for identification and assembly. The

description of the various controls and components again was

brief and little detail was given as to the function of the
%

controls. Some controls did not need detailed explanation,

such as the gas flow control but some, like the zero volume

control, did. A specification list was also given for the

system. While many parameters were given with a range of

acceptable values, many were not or had no value listed at

all. A couple that were not given were the acceptable

voltage range for the PMT and the value of the light output

from the calibration light source.

The presentation of the operating program was similar

to what was expected to be seen when the options from the

main menu were actuated. The description of the menu options

and what happened when it was selected was brief, but to the

point. What happened when an option was selected was well

described and relatively easy to comprehend. The main

concern in this section was that the figures depicting the

resulting computer screens were at the end of the manual

section, not immediately following the descriptive text.

This caused an inconvenience of paging back and forth from

the text to the referenced figure.

Error messages were not listed in the description of

the controlling program. These messages were found in the

preceding section that contained general information about
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the reader system. The on-screen error message was a code

number that identified a problem. The description of the

error code and its remedy was relatively good with the

exception of the code 04. This code indicated that one of a

group of parameters had a value of zero. The remedy was to

check the value of the parameter. The problem was that for

some of these parameters, no lower limiting value was given.

Default values for all parameters were given in the

user's manual. A very short definition was given with each

value. Minor confusion was encountered when reading the

format required to enter the parameters into the program.

The format was described in the manual as "BCD two or four

digit" and some were described as a "two byte pack". A

telephone call to the manufacturer was required to determine

that the values were just numbers, not a special code. An

example was a dose calibration factor of 550 mrad/unit light

output was entered as 0550.

Most of the information described in this evaluation of

the user's manual was for all users. When studied for

information that would be useful to an experienced user,

the manual was found to be deficient. There was not a

detailed description of the operation of the reader or its

controlling program. The lack of this information would

force the user to waste time experimenting to find the

limiting values for parameters needed to customize the

reader's performance.



2O

Mechanical Components

The slider unit, which was shown in Figure 1, was well

constructed and of a functional design. The slider was easy

to operate and it was readily apparent to the user when the

slider was fully inserted for proper operation. The "o"-ring

gaskets provided an adequate seal to prevent the entry of

air after the N, flow had started. As the material of

construction of the slider was a hard plastic, cleaning was

easily accomplished. Both sides of the light guide were

readily accessible for cleaning with a cotton swab and

alcohol.

The TLD phosphor holder was made of a cast metal and

was found to be of high strength. Like the light guide, it

was cleaned with alcohol and the fixture was easy to remove

requiring only a hex head wrench. The phosphor was held

securely during the readout operation by this device. The

phosphor size that the holder would accommodate was

significantly smaller than a majority of the phosphors used

for this study. This lead to fracturing of the corners of

the phosphors and a corresponding loss of mass. The surface

contact of the holder with a phosphor was minimal. Two thin

sections of the holder made contact with the phosphor at

each corner. As will be discussed later, no significant heat

transfer was found from contact between the phosphor and the

holder during operations.

The N2 flowmeter was a simple design utilizing a glass
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tube with a floating ball. The scale increments were two

liters per minute. This scale was found to be inadequate for

any purpose other than routine dosimetry. Precise adjustment

of the flow and a repeatable setting were not possible with

such large scale divisions. A finer scale was needed for

precise control of heating rates at a constant temperature.

One such need was the changing of the flowrate as a means of

controlling the heating rate of the phosphor, since it had

few divisions, the scale was easy to read. The adjustment

knob required many revolutions to affect small changes in

the gas flowrate, if scale increments were finer, precise

adjustment of gas flow could be accomplished. The knob

itself had a smooth operation and performed well.

Electrical Components

Production of dark current by the PMT in the UD513AC-1

was relatively constant. Dark current production was

followed through observation of a display called

compensation or COMP. This display appeared during the

measurement option and related the dark current in terms of

dose. This measure was checked with the zero volume at its

normal operational set point and with it turned off. With

the zero volume set to cause the value of COMP to be zero,

no variation was noted for all operating conditions. With

the zero volume turned off, a variation of Z3% was found for

the same conditions. For its intended purpose, the zero
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volume control was found to function as expected.

Variations were found in the displayed high voltage of

the PMT. The changes were as much as plus three volts and

minus two volts from a set value of 550 V. When direct

measurements of the applied high voltage were made, it was

found to be 550 V regardless of the displayed value on the

personal computer CRT. The problem was traced to a variable

resistor that was used to control the dlsplayed voltage. It

was found to be unstable and would not hold a setting. It

was determined that the actual voltage variation was less

than one volt, which was the smallest increment measured by

the voltmeter on the range setting used.

The signal-to-noise ratio at one tad absorbed dose was

3.07. The unexposed LIF(Mg,TI) phosphor measurement was 667

mrad ±30 mrad and the measurement for an absorbed dose of

one tad was 2.05 rad ±0.I tad. These reported values were

the mean of ten phosphors and one standard deviation.

The results of the response of the PMT to different

light wavelengths were mixed. The response at long

wavelengths, which were produced by Li,B,O_(Mn), was almost

absent. To produce a measurable response from the PMT, an

absorbed dose of 900 tad was required and the TLD's were

read with the most sensitive setting available. The

resulting measured dose was 35 rad. This result was

attributed to two possible causes. The first was a low

sensitivity on the part of the PMT to the light emitted by
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the phosphor. The second and more likely was the

incandescent light filter was absorbing most of the emitted

light. The filter was designed to absorb infrared light and

most filters start absorbing around 600 nm (Horowitz 1984).

This also coincides with the Li,B_O_(Mn) emission peak. The

response for LiF(Mg,Ti) phosphor was adequate for

measurement purposes. The response from CaF,(Dy) was

extremely high compared to the other phosphors tested. This

phosphor showed a higher sensitivity that LiF(Mg,Ti) by a

factor of 17. This compared well to a value of 15 which has

been found for other commercially available readers

(Oberhofer and Scharmann 1981).

Program Interface

A moderate level of computer literacy was required to

operate the controlllng program. An understanding of the

file naming conventions of the computer operating system was

required. This was not a major obstacle, but it would prove

frustrating for the operator not familiar with the

convention. The program was relatively easy to execute since

it was menu driven through function key inputs. The on-

screen instructions were concise and clear. No dlfficulties

were encountered in trying to understand the instructions. A

minor problem did occur when error codes appeared on the

display screen. Explanation of the code was found in the

user's manual.
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This caused minor delays in finding the meaning of the

displayed error code.

Programmed functions did not require much in the way of

interactive input. After the parameters had been entered via

the parameter procedure, the program requires only the

results of the TLD measurement to determine the absorbed

dose. During the measurement operation_ _he information

available on-screen was the initial heater temperature, TLD

number and type, high voltage of the PN_, and the resulting

measured dose. The other display the program was capable of

giving was that of a glowcurve. There was no flexibility in

the display in any way. The display size of the glowcurve

was approximately three inches by three inches on-screen and

was the same size when sent to the printer. A single value

was given on the y axis (response) which was the largest

value of the light emitted by the TLD. The x axis had no

values indicated except "t" for time. This display was

inadequate for any glowcurve analysis except possibly that

of identification of a TL material by the shape of the

glowcurve.

Changing the controlling parameters was easily

accomplished with the parameter option from the main menu.

When the edit feature was selected from the parameter

submenu, all of the parameters were displayed. A new value

was then entered and compared to the old value before the

change was made. A range of acceptable values was given in
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trhe manual for some of the parameters. But, as was described

before, there were parameters for which ranges of values

were not given in the user's manual.

Heater Operation

Verification of constant temperature ramping was

performed with LiF(Mg,Ti) phosphors. This test was made with

gas flows from one to 15 liters per minute. Glowpeaks two

and five were selected for use as they were easily

identified in all of the qlowcurves. Table 1 lists the

averaqe time to the peak along with the longest and shortest

time for each gas flow.

Table 1. Effects of gas flowrates on glowpeak appearance.

Gas Flowrate Peak 2 High/Low Peak 5 High/Low
(I/mAn) (sec) (see) (see) (sec)l ,liii ii ,i ii i i

15 1.12 1.29/!.06 2.75 2.91/2.70il _ i ! ,i ill H ii

i i i01 i :][fLlI III I IIIIIII!l lI!l II I II I I -

? 1.55 2.00/1.47 3.91 4.53/3.76
iL I 11nllJll111 r

5 1.74 4.69 5.12/4.59
J ,, i r J : ,!u i , .........

4 2"08 _ " 4 _ / _ ' 00 _ " 4 _ ....... _ 'rlOOll/5" 12

r L I ii i!ui Ill

2 3 " 0 _ 3 " 59/2" 88 8" 8 e 9 " 7l Ill/ 8 " 53

I

I 3. 6 i.o  3.2/1,1.2
I I IIII I1!_ |IIIIIIIILJ] .... _i _ i _ _Jl_l IIIIIII I , r

Temperature maintenance was checked for two readout

time lengths. One was 20 seconds and the other was six

seconds. These times were selected to represent postread
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annealing and no poatread annealing, respectively, in the

reader. Figure 2 depicts initial temperature at the

beginning of a 20 second readout as a function of time.

Figure 3 shows the same relationship, but for a six second

readout. For both cases, the readout was begun immediately

after the previous phosphor finished. W_en the two figures

were compared, it was apparent a slower decrease in initial

temperature occurred in the longer readout cycle. A flaw was

found in the controlling program at this point. The initial

temperature of the heater was displayed before the readout

of the first phosphor of the set. After the first readout,

the temperature was displayed after the measurement process

had begun. This deficiency allowed the measurement process

to begin without the operator knowing the initial heater

temperature. With severe changes in temperature,

reproducibility was affected. The recovery time required

between successive readouts to achieve the original

temperature start point varied from six to nine seconds.

The timed appearance of the characteristic glowpeaks of

LiF(Mg,Ti) was measured and plotted for 15, four, and two

i/min gas flowrates at 420" C in Figure 4. As seen in thla

figure, the high flowrates caused rapid heating of the

phosphor. The resulting temperature gradient caused a

virtual simultaneous emptying of the traps. This effect was

seen in Figure 5 for 15 I/min where two glowpeaks were

identifiable. Conversely, at two i/min, three of the five
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glowpeaks were readily identified and the other two were

visible. This can be observed in Figure 6.

Heating of the phosphor holder did not have any

noticeable effect on the measured dose. The holder was

heated uhrough a series of ten blank readouts, then the

irradiated phosphors were measured. When compared to the

same phosphors that were read without the preheating, a

difference of less than 1% was found. This variation was

easily attributed to simple reproducibility error of the TL

material. No effects from infrared light were found when

readouts were performed. The effect was expected at the end

of the readout process in the glowcurve. This was when the

temperature of the holder and phosphor were high enough to

produce sizable amounts of infrared light.

Dose Determination

Performance tests using the beta source were made for

the three phosphors selected. No results were obtained for

Li2B,O_(Mn) as was described in the electrical components

section of these results. Subsequently, this phosphor was

not used for any further testing. Limited results were

obtained for CaF2(Dy). The results are graphically displayed

in Figure 7. No data are shown in this figure above i00 rad.

The plot ended at this value since the response of this

phosphor at 150 rad caused an overflow of the photon

counter. The overflow produced an error message of counter
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overflow and the absorbed dose could not be determined.

Indications of this problem were later seen when examining

the glowcurve values for the lower doses. It was also seen

by a rapid departure from the delivered absorbed dose.

Results of the exposures utilizing the beta sources for

LiF(Mg,Ti), with an one rad calibration, were shown in

Figure 8. The expected departure from a strictly linear

relation between delivered and measured dose occurred and

increased slightly as a function of dose. The dose response

function produced linear results and even the highest dose

tested was within 30% of the delivered dose. This happened

because of the nullification of the expected supralinearity

of the phosphor response. The cause was a saturation of the

trapping centers nearest the radiation source by the "°Sr

beta particles that were not able to traverse the thickness ,

of the phosphor. The same exposures were made with "°Co and

the results shown in Figure 9. The supralinearity

characteristics of the phosphor were apparent during these

exposures since the probability of energy deposition was

virtually constant throughout the thickness of the phosphor.

Compensation for the departure of the measured dose

from the delivered dose was attempted with LiF(Mg,Ti)

phosphors and beta irradiations. The resulting plot of

measured absorbed dose with a 200 rad calibration factor is

shown in Figure I0. The measured do_e was low at doses less

than 200 rad and high at doses above it. This result was



1200 -

-_ 1000 -_ _

_, 800 -
0

"_ 600 -
(D

,_ 400 -
X_

200 _--
0 "; , , I i , t I t J t i I t I I i , i I , t ,J

0 200 400 600 800 1000 1200

Delivered dose (rad)

90 90
Figure 8. LiF(Mg, Ti) exposed to Sr/ Y (I tad calibration) .



1800 ''' _ ' ' ' t ' ' ' I' '' I _--_ , L _, :

_ i1500 -

e 1200

o 900 _-
"o X=Y
73
(1)

_ 600 -
_ X

° io

300 -_

0,_ , , , 1
0 200 400 600 800 1000 1200

Delivered dose (rad)

60
Figure 9. LiF(Mg, Ti) exposed to Co gamma-rays (t rad calibration).



1400

_2oo * -
A._

,_.._ _
Jl,+ _ _ l,,J

X=y

(I]

0

_ 6oo __© _

_ 400

200 -

N " 1 t , l I , , , 1 , , , t , , ,
U .,¢

0 200 400 600 800 10f_'9 1200

Delivered dose (rad)

Figure 10 LiF(Mg Ti) exposed to 90S 90. , r/ Y (200 rad calibration).

-4



38

expected at the lower doses due to the smaller value of the

calibration factor at 200 rad when compared to the value at

one tad. The maximum error for the low doses was 15.5% at

one tad. At 100 tad, the error was less than eight percent.

For the high doses, a maximum error of 22% was found at 1000

tad. This was lower than the 30% error at this exposure for

the one rad calibration. When Figures 8 and 10 were

compared, lower error was found for all exposures greater

than 200 tad. A similar shifting of the response curve would

be expected for the gamma-ray exposures. Maximum

effectiveness was achieved by determining the expected range

of dose values and selecting a calibration dose that gave an

acceptable error over that range of absorbed doses. One

example was an acceptable error of ±10% for the 200 tad

calibration over the range of 50 to 400 rad. The delivered

absorbed doses as well as the measured absorbed doses for

the one rad calibration of LiF(Mg,Ti) and CaF,(Dy) and the

200 tad calibration of LiF(Mg,Ti) are shown in Table 2.

The test to determine the MDD was performed for

LiF(Mg,Ti) and CaF,(Dy). The delivered dose and the measured

dose for both phosphors at one rad and, additionally,

LiF(Mg,Ti) at one half tad are shown in Table 3. Figure 11

was a graphical display of the data for LiF(Mg,Ti) at the

one tad calibration. For this reader and phosphor

combination, a MDD of 33 mrad was found. Figure 12 displays

the data from the one half tad calibration of the same type



Table 2 Dose delivered versus dose measuz_t for LiF(Bg,Ti) and CaF_(_)

LiF(Ng,Ti) beta LiF(Plg,Ti) beta CaF2(Dy) beta LiF(Ng,Ti) _Co
(1 tad cal.) (200 lad cal. ,_ (1 tad cal.) (1 tad cal.)

Dose Delivered Dose Measured Dose lqeasured Dose Neasured _ _sured

(tad) (tad + 1 SD %) (tad + 1 SD %) (tad + 1 SD %) (tad + 1 SD %)

1 1.01 ± 3.5 0.845 ± 4.5 1.03 ± 7.6 1.03 ± 6.4

10 10.2 ± 3.0 8.39 ± 4.4 9.97 ± 6.0 9.67 ± 6.4

50 53.9 ± 4.0 42.7 ± 3.5 62.6 ± 5.9 52.3 ± 6.0

100 111 ± 5.4 92.4 ± 4.8 148 ± 8.1 111 ± 5.7

200 224 ± 3.5 202 ± 4.6 OVERFLZ)W 227 ± 6.9

300 347 ± 5.3 317 ± 5.7 N/A 352 ± 7.3

400 478 ± 5.5 429 ± 4.0 N/A 521 ± 6.0

500 614 ± 5.2 557 ± 6.0 N/A 628 ± 6.1

600 773 ± 4.6 649 ± 3.0 N/A 794 ± 6.2

700 858 ± 6.0 757 ± 5.7 N/A 1010 ± 6.6

800 I010 ± 5.2 923 ± 4.5 N/A 1150 ± 6.4

900 1130 ± 5.4 1030 ± 5.1 N/A 1300 ± 6.8

1000 1300 ± 6.0 1220 ± 4.7 N/A 1520 ± 6.9

_O



Table 3 F,in_ detectable dose for LiF(_,Ti) and CaF2([P_)

(1 tad cal.) (1 tad cal.) (0.5 _ cal.)

Dose Delivered Dose Measured Dose Neasured Dose Delivered _ _ured

(tad) (tad _+ I SD %) (tad _+ 1 SD %) (lad) (rad _+ 1 SD %)

1.0 1.081 +__6.5 i_01 + 3.5 0.5 0.537 + 5.7

0.504 0.592 + 7.9 0.537 + 5.2 0.125 0.125 + 8.2

0.252 0.276 ::L6.9 G.239 __+7.4 0.0625 0.0581 + 5.8

0.130 0.139 __+5.9 0.117 + 6.3 0.0313 0.0058 + 34.5

0.065 0.0690 __+4.5 0.051 + 6.8

0.0325 0.0340 +__6.3 0.0093 __+26.4

0 . 0163 0. 0178 __+8 . 1 NO PJESPONSE

0 . 0083 0.0089 _+ 8 . 7 N/A

0. 0042 0. 0045 __+6.1 N/A

0. 0022 0. 0022 + 11.4 N/A

0.0011 0.0008 + 16.1 N/A

0. 00076 0. 0006 + 31 . 0 N/A

O
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Figure 12. LiF(Mg, Ti) minimum detectable dose for 0.5 rad calibration.
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phosphor. At this calibration, an MDD of 31 mrad was found.

With a large error associated with both of the MDD's for

LIF(Mg,Ti), little if any difference between the two exists.

The MDD found for this phosphor in the UD513AC-1 was more

than three times higher than the value found for other

available readers (Oberhofer and Scharmann 1981). The

CaFa(Dy) phosphor test for MDD is shown in Figure 13 and an

enlargement of the lower doses in Figure 14. The MDD was

found to be 0.75 mrad. Thls value was higher than a value of

10 _rad found by others (Oberhofer and Scharmann 1981). The

reason for this difference could be low quality phosphors,

differing photocathode materials, and the zero volume

control of the UDSI3AC-1 which can reduce sensitivity.

The test to determine the reproducibility of the

UD513AC-1 for a constant absorbed dose was successfully

carried out. The mean value for an one tad dose to

LiF(Mg,Ti) was 0.981 red with a standard error of 0.056 tad

for 50 phosphors. The highest measurement was 1.08 red and

the lowest was 0.859 red. The results for CaF,(Dy) were

nearly as impressive. The measured average for 50 phosphors

was 0.918 red with a standard error of 0.05? red. The

highest measurement was 1.09 red and the lowest was 0.805.

in a further attempt to isolate the reproducibility of

the TLD system, a series of measurements were performed with

the calibration light source. Under the assumption that the

light output from the _'C source was constant for the
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duration of the test, 50 measurements of the light source

were made. The mean of this test was 571 mrad with a

standard error of 3.90 mrad. This gave a relative error of

0.7%. For this set of tests, the high measurement was 581

mrad and the low was 562 mrad, which yields a range of

values of ±3%. Based on the results of the reproducibility

tests, the UDSI3AC-I system was found to have excellent dose

reproducibility. The limiting factors for high precision

were the exposure method and, to the largest extent,

variation of the response within a given set of phosphors.

Comparison to the 2000/2080

The results of the S/N test yielded a value of 13.6 for

the 2000/2080 and 3.1 for the UDSI3AC-I. This was a greater

difference than what was expected, but gives an explanation

for the zero volume control. With the control actuated, the

signal was reduced by a factor of two but the registration

of noise was eliminated. As was explained earlier, this

control suppresses the measureme_ of dark current and, when

used properly, should result in a S/N that approached

infinity. While this was applicable to theoretical

considerations, in practice, it did not work as witnessed by

the results of the MDD test.

There was no manipulation possible of the glowcurve

with the UD513AC-I. The display of the curve was small,

approximately three by three inches. Any information that
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was gained from the phosphor measurement, other than

absorbed dose, came from routines written by the author (See

Appendix A). Conversely, the 2000/2080 had a large display,

approximately five by eight inches, which allowed other

information about the measurement to be readily extracted.

Through the moving of a cursor and by selection of the

regions of interest, data about the peak heights and area

under sections of the curve were obtained. The Harshaw

reader allowed a flexible time scale for the measurement of

a phosphor. For the Harshaw unit, the number of time bins

were fixed but the width of the bin has a range of values.

This feature allowed the user to selected the length of the

measurement cycle, up to 640 seconds. The Panasonic unit had

fixed bin widths and a maximum measurement cycle of 15

seconds. With such a low limit of cycle length, phosphor

measurements at slow heating rates could not be made.

Information was lost when the time line was exceeded. Figure

15 is a explicit example. Also, with respect to dose

determination, the UDSI3AC-I had a dose function where the

2000/2080 did not. This forced the user to derive a function

over the range of absorbed doses that were possible in the

use of the TLD's.

No distinct advantage was found in the ease of

operation of either reader. For both units, the new user

would have trouble without additional explanation from a

person familiar with either unit.
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A slight advantage was given to the UD513AC-I by virtue of

its automatic data storage capabilities.

The heating mode for the 2000/2080 was that of an

electric resistance heater with a feedback circuit. This

mode allowed linear heating and easily adjustable heating

rates. The UDSI3AC-I used hot N2 gas which provided fast,

nonlinear heating of the phosphor. Both methods were readily

reproducible with the hot gas suitable for routine dosimetry

and the electric resistance mode well suited for

experimentation and for comparisons to other published

information. The infrared filter on the UDSI3AC-I was

superior to the filter used on the 2000/2080. As the

measurement process reached temperatures that would cause

infrared light production, no detectable amounts were found

in the resulting glowcurve for the UDSI3AC-I. The filter in

the 2000/2080 was less successful in filtering the infrared

light. A sharply increasing slope of the glowcurve, that was

not part of the phosphor's output, was noted at the end of

the measurement process. There was no evidence of this

response for the UDSI3AC-I.
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CONCLUSIONS

The Panasonic UDSI3AC-I TLD system was mechanically

well constructed and performed most of its advertised

functions without error. In general, it was an adequate TLD

reader for routine dosimetry. It was not found to be well

suited to experimental work in TLD research. The

deficiencies found during this research can be easily

remedied by the manufacturer and result in an excellent TLD

system.

The user's manual had the fs._ _ _tssociated with many

manuals. It was written for someone who was already familiar

with the operation of the product. A rewrite of the manual

directed to the new user with the additional information to

satisfy the experienced user would be a great improvement.

The mechanical components of the UDSI3AC-I were of

rugged construction and did not suffer a failure during this

research. Improvement can by made in the design of the TLD

holder and the N= flowmeter. The holder, although metallic,

did not display a noticeable effect on the measured dose due

to its own heating. However, it requires enlargement to

prevent damage to the TLD's that were placed in it. The

flowmeter needed a smaller divisions in its scale to match

the precision of the flow adjustment knob.

The PMT of this reader was insensitive to Li,B,OT(Mn)

and had adequate sensitivity to LiF(Mg,Ti) and CaF2(Dy). The
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zero volume control, while eliminating the registration of

dark current, appeared to reduce the absorbed dose

sensitivity of the UDSI3AC-I. The bias voltage supplied to

the PMT was constant within ±i volt. The infrared filter

performed flawlessly suppressing this light from detection

by the PMT. The interface of the user with the measuring

unit, the controlling program, and the personal computer

allowed limited flexibility in the display of information.

In many instances, the displayed information was not useful

to the user. An example was the glowcurve which was too

small and lacked detail for meaningful analysis. The heating

of the N, gas was reproducible, and the heater displayed a

reasonable recovery to operating temperatures after a

phosphor measurement. An improvement can be made by having

the heater temperature displayed prior to the beginning of

each phosphor "readout".

One of the unique features of the UDSI3AC-I, its

automatic dose determination, functioned well. This function

performed predictably for the phosphors tested except

CaF,(Dy). There was a limitation of i00 rad for this

phosphor as the counter would overflow for an absorbed dose

that was greater than i00 tad. The dose function provided

agreement to the delivered dose with a maximum error of +52%

at I000 tad for the gamma-ray exposures and the LiF(Mg,Ti)

phosphors.
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A lack of sensitivity of the PMT at low doses did not allow

the determination of the accuracy of the dose function at

very low doses.

When compared to a similar measurement system, the

2000/2080 by Harsbaw, the UD513AC-1 was superior in several

areas of operation. The UDB13AC-1 had fast and easy data

storage capabilities, an excellent infrared filter, and

could be used for quick absorbed dose determinations. The

S/N ratio, on-screen data manipulation and display were

inferior to the 2000/2080 unit. The design of the heating

and gas flow unit of the UD513AC-1 were not sultable for use

in experimental work with TL materials.

This measuring unit was a first attempt by Panasonio to

manufacture a manual, single phosphor measuring device for a

broad spectrum of users. The UD513AC-1 tried to emulate some

of the other TLD systems produced by Panasonic. The problem

was that the manual, single phosphor devices were not

i generally used for routine dosimetry of personnel. The
i

devices of thls type need to allow _cr the detailed analysis

of a glowcurve and have a high degree of user control over

the entire measurement process. When changes have been made

to allow the user this type of control, and when changes

occur to allow greater sensitivity to other TL materials,

the UD513AC-1 will become a highly capable TLD measuring

device for a wide variety of users.
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_J__ NOR_

Exploration into a filter design is needed for the

UDSZ3AC-1 to enable a wider range of measured doses for

CaF_(Dy). An uniform means of reducing the transmitted light

intensity so the counter will not overflow would be an

improvement for this TLD system, Another development that
/

.; wc,uld enhance this unit's performance would be variable

ht_,ating rates for the phosphors, A method for customization

of!! the heating rate requires development to allow a user to

st, lear an appropriate rate for a specific application.
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APPENDIX A

CONVERT.FOR CODE

This program changed the format of qlowcurve output
from the UDSI3AC-1 to a form that was usable by commercial
qraphios proqrams.

proqrsm convert
inteqer kresd(256,40)
open(unlt-10, file-'gaheat 001' form-,formatted'• # t

status-'old')
open(unlt=ll, file-'oonvert.out' , status-'new')
data kread/10240*0/
do j-l,5

read(io,*)(kread(i,J),i-l,256)
enddo
do i=1,256

read(10,*)(kread(i,J),i-1,256)
enddo
do i=1,256

wrlte(li,lOO)(kread(i,j),j-l,39)
i00 format(Ix,3918)

enddo
close(unlt-lO)
cloae(unit=ll)
stop
end

i
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APPENDIX B

SIGNAL-TO-NOISE RATIO

S/N for the UD513AC-1 and the 2000/2080 using LiF(Mq,TI)
phosphors exposed at one rad.

UD513AC- 1 2000/2080
Noise Signal Noise Signal

0.684 2,39 11.0 259
0,672 2,05 15,1 218
0,659 2,2.1 12.7 193
0.681 2.20 17.0 252
0.678 2,03 18,8 204
0,660 1.80 16.9 203
0.651 1.99 20.5 204
0,658 1.96 14.8 233
0.673 1.92 20.8 223

AVG. 0.667 2.05 16.4 224
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APPENDIX C

DOSE RESPONSE WHEN PHOSPHOR HOLDER WAS PREHEATED

Below were the results of preheating the holder prior to
phosphor evaluation and not preheating. The exposure was for
one rad. The results were expressed in rad.

Prlheated Notpreheated
1.03 1.02
1.11 0.968
1.02 0.956
0.984 0.990
0.920 0.998
0.922 1.03
0.968 0.964
0.916 0.964
0.900 0.940

AVG. 0.978 rad AVG. 0.9?0 rad
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APPENDIX D

DOSE REPRODUCIBILITY OF THE UD513AC-I AT ONE RAD

Below were the results of the dose evaluation of 50

LiF(Mg,Ti) phosphors exposed to an absorbed dose of one tad.
Results were in rad.

0.972 1.06 1.07 1.07 1.02

1.05 0.998 1.04 1.07 1.00

0.943 1.04 0.894 1.02 0.956

0.949 1.02 1.00 1.09 0.896

0.923 1.02 0.956 1.00 0.879

1.01 1.02 1.01 0.919 0.899

0.991 0.930 1.03 0.961 0.929

1.03 0.979 0.906 1.08 0.928

0.859 0.882 0.991 0.916 0.973
1.00 0.981 1.00 0.976 0.949

AVG. 0.981 rad a = 0.056 rad

Below were the results of the dose evaluation of 50 CaF(Dy)

phosphors exposed to an absorbed dose of one rad.
Results were in tad.

0.907 0.881 0.865 0.925 0.959

0.907 1.00 0.943 0.956 0.916

0.826 0.903 0.995 0.938 0.926

0.881 0.893 0.846 0.843 0.972

0.856 0.856 1.02 0.877 0.931

0.901 0.854 0.943 0.932 0.843

1.04 0.908 0.933 0.984 0.906

0.882 0.805 0.897 0.896 0.901

1.02 0.880 0.883 n.924 0.918

0.985 0.906 0.894 1.09 0.934

AVG. 0.918 rad a = 0.057 rad
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APPENDIX E

MEASUREMENTS OF THE CALIBRATION LIGHT SOURCE

Below were the results of the calibration light source
measurements. The values were in mrad.

567 569 572 577 572 575 571 573 574 569

571 570 569 570 573 574 573 576 571 569

566 573 571 564 565 568 567 567 566 566

581 575 574 577 574 573 571 578 573 574
571 572 565 567 571 562 569 568 568 572

AVG. 571 mrad o = 3.9 mrad
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