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The methods of measuring absorbed
_ . dose
i Calorimeter

i Fricke ferrous Sulfate dosimeter
i lonization chamber
External beams:
i cylindrical: photons, high-energy electrons (>10 MeV)
i parallel plate (plane parallel): low energy electrons (<10

MeV)
Brachy source:
i well-type chamber
i Film, radiochromic film, digital radiography.
i Thermo luminescent dosimeters, TLDs
i Diodes

Calorimeter

o Calorimetry is based on the principle that the
energy absorbed in a medium from radiation
eventually appears as heat energy, resulting in
a small rise in temperature, which can be
measured with a thermistor.

« The temperature increase in water produced by
1Gy is 2.39><10 AC.

L ES\‘ __Heat defect
dm

“am/

i 1cGy=102Gy=102J/kg= 10 1/4.18 cal kg™
=0.00239 cal kg

i S.uaer—=1 cal /g oC (=1C cal /kg oC)
AT=0.00239cal kg!/ 10° cal kg* oC?
= 2.39x10% oC

Fricke ferrous Sulfate dosimeter

i Chemical dosimetry is based on the principle
that energy absorbed from radiation may cause
chemical change. Most developed system is
the ferrous sulfate (Fricke dosimetry). The
absorbed dose D, can be determined by the
measured chemical change AM, and the G-

value (# offriplecutes produced per 100 eV of
absorbed dose) Ff the chemical.

i FeSQiywim the wavelength of 224 nm and 304 nm
Fe®*(Oxidation reaction)




lonization Chamber j External Beams

An ion chamber is a volume of air (cavity), usually surrounded
by a layer of material (chamber wall) just thick enough to
provide electron equilibrium. The electrons generated in the wall
enter the cavity, causing ionization. The ions produced in the air
cavity are collected and read out through an electrometer.

22222

electrometer

" air cavity

Configuration of Farmer chamber

i Cylindrical chamber
i Collecting volume=0.6 c.c

PTCEF Dlifal Gralizhiv.e }-_ 205m

Aluminum 3.5 mm

TUTT CTATNTTOCT {37 =15

lonization Chamber j External Beams

An ion chamber may be sealed (used in machines as monitor
chamber) or unsealed (used for routine calibrations).

There are 2 major designs of unsealed ion chambers, cylindrical
and parallel-plate.

air cavity - _wall

electrode"" I

. air cavity

Point of Measurement and Effective
Point of Measurement

Effective pointof /.
measurement
LT o
L

J measurement

cylindrical parallel plate
Photon:r = 0.6 1y,
electron:r=0.5rg,,
Theory:r=0.85r,

Electrometer

The electrometer is connected to the chamber during the entire
time of exposure and readout.

It can be used to measure the charge (integration mode, nC),
current (rate mode, nA), or direct exposure-reading (direct
reading dosimeter mode).
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Corrections to Chamber Reading

Reading for an unsealed chamber generally needs to be
corrected for temperature, pressure, polarity effect, and ion-
recombination (collection efficiency).

T(C)+273|( 760\ M* + M~
Meorrected = 295 ? 2 Pon

Farmer chamber

i The calibration factor of Farmer chamber was
provided for standard environmental of
temperature T,= 22°C and pressure P,= 760
mm Hg or 101.33 kPa (1 atmosphere).

1013 273.2+T
C = X
T,P P 273.2+22

Chamber Polarity Effects

The charge collected by an ion chamber changes in
magnitude when the polarity of the collecting voltage is
reversed.

This effect can be minimized by taking the average of the 2
readings with reversed polarity.

5

The polarity effect is more severe for electron beams than for
photon beams.

Farmer chamber

i PDD,TPR,TMR,FSF;j.
i 2D array- synmetry and flatness

2D array

Electrometer

Detector

4 7 #| £ 4 (pocket dosimeter)
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Film
When the film is exposed to ionizing radiation,
chemical change takes place in the crystals to
form the latent image. When the film is
developed, the affected crystals reduced to
small grains of metallic silver, and the film is
fixed. The unaffected granules are removed by
the fixing solution. The metallic silver remains
on the film, causing darkness. The degree of
blackening depends on the dose.

Ag* (AgBr) +e=>Ag D= |09m(&j
Radiation dose o the degree of blacking

Film Emulsions j latent image

Several light photons must be absorbed to sensitize each grain.
Agrain may be sensitized by a single x-ray photon.

Absorbed photons liberate electrons in the grain, which combine with
positively charged silver ion (Ag*), forming a latentimage of silver

Br + photon —» Br+e’
e+Ag" > Ag

After exposure, grains have a few neutral silver atoms in the speck along
with millions of Ag* ions.

photon

sensitvity speck

Film development j

converts invisible latent image to permanent visible
image

i Film speed, contrast, and base and fog

levels are affected by developer chemistry

and temperature.

i Increasing the developer temperature or
time increases the film contrast, density, and
fog.

i The development process is one of the
most important aspects in producing good
quality images.

Film Processors

Development: converts latentimage
(invisible) to a manifest image (visible) -
Fixing: makes the image stable, o et
prevents further development and

effects of light.

Washing: removes all chemicals and
followed by drying.

The total processing time is ~90
seconds. ol

Developer temperature 31° to 35°C.

Film processor quality control is
essential in maintaining film image
quality.

Film Density

Film blackening is directly related
to the # of photons reaching the
film, and is measured using
optical density (OD):

| incident
oD= Iogm[l—oj lo
t

. |
transmittance = I—‘ transmitted
0

Useful range of OD is from 0.3 to 2,
corresponding to transmittance of
50% to 1%.

The OD of superimposed films is additive.
Ex: If OD,;=0OD,=1 (10% transmittance),
then OD,,= OD;+0D,=2 (1% transmittance).




Radiographic Film

In dosimetry, the background fog

(OD of unexposed processed (for illustration

film) should be subtracted to 2| .0

obtain the net optical density, g xv-2

whose relationship withdose is g 20 RPM-2
called H-D curve, or = 1

sensitometric curve. B

Each box of films may have ! L |
different characteristizls, prior to 5 1 15 RPM2
use, H-D curve should be obtained 50 100 150 Xv-2
for samples from the box. Dose (cGy)

Radiographic Film
i Advantages:
High spatial resolution ( < 1 mm)

Ideal for 1D or 2D relative dose distribution measurement. (beam
profiles, isodose distributions), accurate to within ~ + 3%.

Inexpensive for personnel dosimetry (film badge, accurate to
within +10%)

i Disadvantages:
Requires careful calibration prior to use.

Over responds to low energy photons (due to increased photo-
electric events in silver bromide), not suitable for absolute dose
measurement.

Radiochromic film

i large dynamic range (10-2-108 Gy): suitable for brachy source
dose distribution measurement.

i no dark room processing required: the radiochromic film is
insensitive to visible light, the emulsion changes color when
exposed to radiation without any processing.

j tissue equivalent (zy; 6.0 to 6.5)
i less energy dependency compared to conventional film

i film response dependent on room temperature. Acceptable
range of room temperatures 20-30¢C.

i sensitive to ultraviolet light (do not expose to fluorescent light)

i more expensive, requires special densitometer (laser scanner at
specific wavelength 610-670 nm)

Films for QA

Monthly QA
i CERITEE SR - R
i EIFEj2mme j1%pe IF
PSR T g AL

H-D curve

i Toe: underexposure
i Linear :useful area

i Shoulder:
overexposure

i Calibration curve
X= net optical ;
density T/ Base ana 10
Y= absorbed dose S
(cGy) The relative value of exposure

shoulder

oD




Gafchromic filmR EBT

Self-developing film for radiotherapy dosimetry
ISP (International Specialty Products)

Dose range 1 cGy- 800 cGy

Energy independence from KeV into MeV
range(<5%)

Uniformity better than 1.5%

Large 8jx10j size

Faster and lower post-exposure density growth
Will withstand temperature up to 70° C

Configuration and structure

CLEAR POLYESTER - 97 microns CLEARPOLYESTER. - 6Zilerons

m SURPACE LAVER .3 migrons,

CLEAR POLYESTER - 25 microns
CLEAR POLYESTER - 97 microns [ ADHESIVEE1Smicronsiess

GAFCHROMIC® EBT Dosimetry Fim, Prototype A GAFCHROMIC® EBT Dosimetry Film, Prototype B

*Polyestert BERLI[Iif ™| : ik uiu T ¢ <
DR | 1 T s

Measurement

i Densitometers, film Peak=636 nm
scanners or T T
spectrophotometers E AN

i When the active layer | {| | | A \K
exposure to radiation ,it // \/\‘.3:\\ \‘
reach blue colored oL L LS
polymer with absorption
maxima at about 636 to HENe laser scanner

(Lumisys) provide the highest
585 nm. response with EBT because

i The response will be the laser has a wavelength of
about 633 nm
enhanced by

maacuramant anth cogl

Solid State Methods (TLD)

When certain crystal is irradiated, a small fraction of the
absorbed energy is stored in the crystal. Some of this energy
can be recovered later as visible light when the crystal is
heated. This phenomenon is called thermoluminescence (TL).

%
conductionband

=

5] » electrontrap -
&

o valence band
0‘\\ f/
¥ &f" irradiation heating

The emitted light is amplified by the photomultiplier tube.

Solid State Methods (TLD)

When a previously exposed sample of TLD is heated, the light
output as a function of time is called a jglow curvej. The area
under the glow curve can be used to measure dose.

Glow Curve ~iogre

« Typical glow curve

3
of LiF (TLD-100) L4
after one-hour o
anneal at 400 °C w
followed by E ~105°C
irradiation z |
-
T
1S
=
o 8 e 24

TIME (SEC)

Solid State Methods (TLD)

The most commonly used TLD material is lithium fluoride
(LiF). Prior to use, the LiF is annealed for 1 hour at 400¢C,
followed by 24 hours at 80¢C (pre-irradiation annealing).

In radiation therapy, TLD is primarily used for in vivo
measurement (if placed on skin, proper build-up is needed, e.g.
bolus). TLD is available in different forms (powder, chips,
rods) and sizes.

For megavoltage dosimetry, TLD can provide accuracy of
i 3%.




TLD Energy Response
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Solid State Methods
(Silicon Diodes)

Diode is a solid state semi-conductor device which generates a
current when exposed to radiation.

Small size, instantaneous response, ruggedness, and high
sensitivity, but is energy, directional, and temperature dependent,
also suffers from radiation damage.

Primarily used for relative dose measurement (dose distribution)

It can also be used for in-vivo dosimetry (does not require 300 V
high voltage).

Absolute dose measurement (machine output calibration) is done
with a chamber.

[ 3.2 Harshaw 3500 A1 #5 % 7

W 3R
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Asilicon doped with impurities to
make p-type (electron receptor)
and n-type (electron donor).

n-type A
(don YP 5 Silicon dlode b pce){)':or)

e.g. 1sP w3 e.g.sB
Carriers near the interface diffuse
across the boundary and
recombine with the opposite
carrier, forming a depletion zone

At equilibrium, a built-in
potential is established in the
depletionzone.

N-type Silicon'diode ~P-type
(donor) fliconigt (receptor)

The ion pairs produced along the
electron track are attracted towards to
+/- sides of the depletion zone,
generating a current that can be
measured.

Silicon Diodes

i no bias voltage applied.
i diodes are more sensitive than ion chambers j
i (We)g; ~ 3.5eV [Incontrast, (W/e),, ~34eV]
i Psi~ 1800 pyir
i energy dependency for photons (due to Z=14 for Si), but

not for electrons (therefore can be used for electron relative
depth-dose measurement).

j angular dependency.

i temperature dependency, but independent of pressure.

i radiation damage i needs periodic calibration.

j used for patient dose monitoring and when small detector
size is needed.




MOSFET

(Metal Oxide-silicon Semiconductor Field Effect
Transistor)
i TLDs and diodes are most used for TBI,

but TLDs do not allow an immediate response and their
use is time consuming ; diodes necessitates the use of
cable to measure the signal.

i Advantages of MOSFET:
small size, portability,
permanent storage of dose, instant readout,
dose rate independence,
requirement of low power,

immediate reuse, ability to conduct multiple point dose
measurement negligible attenuation of the radiation.

The configuration of standard MOSFET (P-type)
(Metal Oxide-silicon_Semiconductor Field Effect Transistor)

3terminals
Source  Gale Dirain

iO,, p-type)
Oxide

s
T B

E
Chanffeimed in threghold voltdge)
Substrate (Si, n-type)

Fia. 1. Schematic cross section of a P channel MOSFET showing the oxide,
5i0;. the substrate, 5i, the source, the gate, and the drain.

The voltage shift of MOSFET

Before Exposure  afier Exposure

AV g

Source/Drain Current -1,

Gate Voltage -Vg

Faci. 2. Typical MOSFET source 1o drain curmemt, {4, , v& s gale waltage ¥V,
The difference in_the gate volta n b predetermuined

current fow T, fore and afier radualmn is eq ua[ to the threshold voliag
ift (A V)
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Main Advantages and Disadvantages of Four
Commonly Used Dosimetric Systems

Dosimeter  Advantages Disadvantages

Ionisation  Accurate and precise Comnecting cables requirsd

chamber  Recommended for beam calibration High volags supply required
Necessary corrections well understood  Many corrections required for lugh
Instant readout energy dosimetry

Film 2D spatial resolution Dark room, processing facilities

Very thin - does not perturb the beam  required
Processing difficult to contol
Vanation between films and batches
Neseds proper calibration against ion
chamber measurements
Energy dependence problems
Cannot be used for beam calibration




Main Advantages and Disadvantages of Four
Commonly Used Dosimetric Systems

Water Phantom

Dosimeter  Advantages Disadvantages
I Small in size - point dose measure- Signal erased during readout &
ments possible Easy to lose reading ! \ iy
Many TLDs can be exposed in single  INo instant readout l - -
exposure Accurate results require care @ A
Available i various forms Readout and calibration time
Some are reasonably tissue equivalent  consuming B
Not expensive Not recommended for beam "
calibration -
- .
Diode Small size Fequires connecting cables
High sensitivity Vanability of calibration with Dose measurement in a water phantom:
Instant readous temperatre
No extemal bias voliage Change in sensitvity with A. Moving probe (central axis depth dose, beam profile)
Simple mstrumentation accunmlated dose

Special care needed to ensure
constancy of response

B. Fixed reference probe (position fixed, located in field)

Camnot be used for beam calibration C. Relative dose = A/B

Taewe X, Physical properties of water, acrylic, and polystyrene plastis, and muscl,

Walet Acrylic Polystyrene 1CRU muscle

ComPoaitian 3 0o CHi0, CHy
D) o o o - Thanks for your attention!!

Averag tomic umber 2/ [ 64 56 o

2 telative to waler 10w 086 0 0%

Electron densiy ¢ /g) 3 Mox 107 33 00° JUx10* 1o Any p ro b I ems 7
Electron concentration (¢™/cm’) 346X 10" 806 10” 3 1xIeP

‘Elaclmn concentration feltive o water 1000 L 1008 09 |

* Nominal values the massdensity ofeach dosimetey phantom should beindividualy determined.
The average sl number Z i calculatd by weighing the comporet aomic numbers by arts by weight,




