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Several combinations of measuring devices and phantoms were studied to measure electron
beams. Silicon PN junction diode was used to find the dependence of depth dose profile on field
size on axis of electron beam Depths of 50, 80 and 90% doses increased with the field size for
small fields. For some larger fields, they were nearly constant. The smallest of field sizes over
which the parameters were constant was enlarged with increase of the energy of electron beams.

Depth dose distributions on axis of electron beam of 10 X 10 cm? field were studied with severai
combinations of measuring devices and phantoms. Cylindrical ion chamber could not be used for
measurement of surface dose, and was not convenient for measurement of near surface region
of 6 MeV electron. With some exceptions, parameters agreed well with those studied by different
devices and phantoms. Surface dose in some energies showed 4% difference between maximum
and minimum.

For 18 MeV, depths of 80 and 90% doses were considerably shallower by film than by others.
Parallel-plate ion chamber with polystyrene phamtom and silicon PN junction would be recom-
mended for measurement of central axis depth dose of electron beams with considerably large
field size. It is desirable not to use cylindrical ion chamber for the purpose of measurement of
surface dose or near surface region for lower energy electron beam. It is questionable that film
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would be recommended for measurement of dose distribution of electron with high energy like as

18 MeV.
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INTRODUCTION

Measurement of absorbed dose in electron
beams has continued to be subject to uncertainties
associated with 1) the measuring device, materials,
and shape {(geometry); 2) determination of the
appropriate collision mass stopping power; and 3)
phantom material. Verious concepts have been
widely accepted, and adopted by some
protocols*~,

However, the correct values for perturbation
corrections, displacement factors, dose conver-
sion factors (Cg) and the like remain uncertain.
Task Group 21 of AAPM (American Association of
Physicists in Medicine)* accepted the opinions that
when calculating values of Cy for measurement
using an ionization chamber, the ionization cham-
ber, buildup cap and phantom material must be
considered. These errors stem from the energy
dependence of collision mass stopping power ratio

of water to various materials used for dose mea-
surement, such as air, graphite and polystyrene.

Paul, et al® and Kubo et al” reported that a
slightly larger dose deviation was found with some
combinations of chambers and phantoms. Hunt, et
al® reported a deviation larger than 5% in com-
parison of AAPM TG-21 protocol with old proto-
cols.

Because of these reasons, medical radiation
physicists taking the responsibility of dose mea-
surement of electron beams could not be them-
selves free from suspicion whether dose to water of
electron is correct or not. They should be worried
about not only the dose measurement of electron
but also the selection of measuring device and
phantom.

In present paper, authors will compare the
measurements of electron beams on central axis by
several combinations of measuring devices and
phantoms. Measuring devices were a cylindrical
ion chamber, a parallel-plate ion chamber, ready
packed film and silicon diode. Phantom material
was watér and polystyrene.
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Table 1. Physical Characteristics of lon Chambers Used in This Study

PR-06C, Capintec

PS-0 33, Capintec

Shape : Cylindrical chamber
Wall material : Air equivalent plastic
Volume : 0.65 ml

External diameter : 7.0 mm

Internal diameter : 6.4 mm

Plate spacing : e

Wali thickness : 0.28 mm, 50 mg/cm?
Length : 22 mm

Width of guard ring : sesene

A (ICRU 21) > 0.985

Parallel plate chamber
Aluminized polyethylene
0.50 ml

......

......

Table 2. Physical Characteristics of Solid Detector
and Film Used in This Study

Silicon PN-junction diode, Therados
Dimension : 2 x 2 mm? x 0.05 mm
Screened with a thin aluminum layer
Encapsulated in epoxy
Located 1 mm below the front face

X-Omat V, Kodak
Ready packed, verification film

MATERIAL AND METHOD

The devices for measurement of electron doses
on beam axis were an air-equivalent wall cylindrical
ion chamber. (Capintec, PR-06C), an aluminized
window parallel-plate ion chamber (Capintec, PS-
033), ready-packed film (Kodak, X-Omat V) and a
silicon PN junction diode (Therados Co). The physi-
cal details of the ion chambers are tabulated in
Table 1, and the silicon detector and film in Table 2.
The phantom materials used for measurrement of
electron doses were water and polystyrene. Elec-
tron beams from electron linear accelerator (Var-
ian, Clinac-18) were used. The nominal energies of
the electron beams were 6, 9, 12, 15 and 18 MeV.

Because of electron scattering and field size,
depth dose profiles of electron beams would be
dependent on field size, particularly for small fields.
For that reason, it is required to find the range of
field size for which the dose profile is constant
because it is desirable to compare the depen-
dences of electron dose profile on dosimeters
under the condition that the profile is constant

against for field size. For such purpose, depth dose
profiles on beam axis was measured in water
phantom using a silicon diode detector.

The results are described in Table 2 and Fig 1.
Table 2 includes surface dose, depths of 50%, 80%
and 90% dose, and practical range for each field
size. For each energy, depth dose profiles for
depths deeper than 90% depth were nearly con-
stant for field size greater than 10xX10cm, and
practical rapge was independent of field size.

lon chambers were used to measure the central
axis depth dose in polystyrene phantom. Both the
axis of the cylindrical chamber and the window of
the parallel piate chamber were set perpendicular
to the beam axis. The field size was 10 X 10 cm? at
100cm SSD. Both positive and negative polarity
measurements of charge collected by the ion
chambers were taken and averaged. The depth of
measurement was upward to three quaters of inner
radius of the cylindrical chamber from the chamber
axis, and at the surface of the paraliel plate cham-
ber. The depth was converted to depth in water with
scaling factor, 1.05. The absorbed dose Dw to water
was calculated on the basis of | CRU 21.%

Dw=M + N¢ - Cg

Where M is the instrument reading corrected for
temperature and pressure; N¢ is the exposure
calibration factor for ®Co gamma ray; C; is the
overall conversion factor to absorbed dose in
water. The conversion factor includes displace-
ment factor, A=0.985, and electron fluence pertur-
bation correction factor, Pg?.

Ready packed verification fitm was also placed
between sheets of polystyrene phantom with den-
sity 1.05g/cm?® for measurement of central axis
depth dose of electron beam. The film was set so as
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Fig. 1. Comparison of depth dose profites of electron beams These data were taken by

silicon” PN junction diode in water phantom at 100 cm SSD.
10 x 10 em2 ————: 25 x 25 cm?

{o be parallel to the axis of electon beam and on the
principal plane.

The field size was 10X10cm? at 100 cm SSD.
Dose corresponding to 150 monitor units was
applied to the film. lrradiated films were rapidly
processed. The absorbed dose was converted on
the basis of characteristic curve of same batch
films that were exposed by cobalt gamma ray and
processed at the same time. The scaling factor was
applied to conversion of dose to water from dose
to film.

RESULT

The results quoted are the average of three

: 4x4 em?,

independent measurements with each detector.
Table 3 shows the parameters of 6, 9, 12, 15 and 18
MeV electron energies studied by silicon diode
detector in water phantom using 4X4, 6X6, 8x8,
10X10, 15X 15 and 25X 25 cm? electron applicators
at 100 cm SSD. Fig 1 shows depth dose profiles of
the electron beams studied by silicon diode detec-
tor in water phantom using 4X 4,10%X10 and 25X 25
cm? electron applicators at 100cm SSD. Doses
were normalized to the maximum dose of each field
size. Depth dose profiles at depth deeper than
maximum dose depth were constant for the whole
described field sizes for 6 MeV electron beams, but
only for some large field sizes for higher energy
beams.



96

Table 3. Physical Parameters of Electron Beams Measured by Silicon Diode

Electron Field size
energy 4x4 cm? 6x6 cm? 8x8 cm? 10x10 cm? 15x15 cm? 25x25 cm?
SD 76 % 76 % 78 % 78 % 81% 85 %
dog 0.7, 1.7cm 0.8, 1.8cm 0.6, 1.7cm 0.6, 1.7cm 0.6, 1.7cm 0.3, 1.7cm
6meV dgg 0.2, 1.9cm 0.2, 1.9cm 0.2, 1.9¢cm 0.2, 1.9cm 1.9cm 1.9cm
dso 2.3cm 2.3cm 2.3cm 2.3cm 2.3cm 2.3cm
Rp 2.9cm 2.9cm 2.9cm 2.9cm 2.9cm 2.9cm
SD 82 % 82 % 83 % 85 % 87 % 87 %
dgg 0.2, 2.becm 0.6, 2.7cm 0.5, 2.7cm 0.3, 2.7cm 0.2, 2.7cm 2.7cm
9MeV dgg 2.9cm 3.0cm 3.0cm 3.0cm 3.0cm 3.0cm
dso 3.bem 3.6cm 3.6cm 3,6cm 3.6cm 3.6cm
Rp 4.4cm 4,4cm 4.4¢cm 4.4cm 4.4cm 4.4cm
SD 88 % 86 % 87 % 89 % 90 % 92 %
doo 0.2, 3.1cm 0.3, 3.3cm 0.2, 3.3cm 3.4cm 3.4cm 3.4cm
12MeV dgo 3.5cm 3.7cm 3.7cm 3.8cm 3.8cm 3.8cm
dso 4.4cm 4.5cm 4.5cm 4.6cm 4.6cm 4.6cm
Rp 5.5cm 5.5cm 5.5cm 5.6cm 5.6cm 5.6cm
SD 92 % 91 % 91 % 92 % 93 % 95 %
dgo 3.6cm 4.3cm 4.3cm 4.4cm 4.4cm 4.4cm
15MeV dgg 2.2cm 4.8cm 4.9cm 5.0cm 5.0cm 5.0cm
dso 5.5cm 5.8cm 5.9cm 6.0cm 6.0cm 6.0cm
Rp 7.3cm 7.3cm 7.3cm 7.3cm 7.3cm 7.3mc
SD 93 % 93 % 93 % 93 % 94 % 94 %
dgo 4.0cm 4.5cm 4.7cm 4.8cm 4.8cm 4.8cm
18MeV dgo 4.8cm B.4cm 5.6cm 5.7cm b.7cm 5.7cm
dso 6.5cm 7.0cm 7.1cm 7.2cm 7.2cm 7.2cm
Rp 8.8cm 8.8cm 8.9cm 9.0mce 9.0cm 9.0cm

SD : Surface dose
dn : Depth of n % dose on beam axis
Rp : Practical range of electron beam in water

The smallest of field sizes over which the param-
eters were constant was enlarged with increase of
the energy of electron beams, even though that
could not be definitely determined. Variations of
the parameters were more severe for higher energy
and smaller field size.

The practical range, however, for each energy
was nearly constant for field sizes. The parameters
specified depths increaed with field size, but for
some small field sizes, surface dose decreased
with the increase of field size.

Table 4 shows the parameters of electron
beams with the above describaed energies for 10X
10 cm? field size at 100 cm SSD, studied by 4 kind of

radiation detectors; 1) air-equivalent cylindrical ion
chamber in polystyrene phantom, 2) aluminized
window parallel-plate ion chamber in polystyrene
phantom, 3) ready packed film in polystyrene phan-
tom, 4) silicon PN junction diode in water phantom.

Fig 2 shows depth dose profiles obtained by 4 kind
of detectors under the same conditions. Doses

were normalized to the maximum dose. The maxi-
mum dose -and the corresponding depth were
obatined from direct measurement for silicon
diode or film, but calculated by interpolation of the
measurements for ion chambers.Except forsurface
doses and 18 MeV, the value of the parameters,
such as dgg, dgo, dso @and Ry, agreed well within +1



Table 4. Physical Parameters of Electron Beams
Measured by Several Radiation Detectors
for 10x10 cm? Field Size

Radiation detector

Electron
energy Cylindri- Parallel- Diode Film
cal plate
SD e 74 % 78 % —_—

doo 1.7cm 1.7cm 1.7cm 1.7cm
6MeV dgo 1.9cm 1.9cm 1.9cm 1.9¢cm
dso 2.3cm 2.3cm 2.3cm 2.3cm
Rp  2.9cm 2.8¢cm 2.9cm 29cm

SO ~——— 82% 85 % —_——
dgo 2.8cm 2.8cm 2.7cm 2.7cm
9Mev dgo 3.1cm 3.0cm 3.0cm 2.0cm
dso 3.5cm 3.6cm 3.6cm 3.6cm
Rp 4.4cm 4.3cm 4.4cm 4.2cm

s —— 88 % 89% 88 %
d90 3.4cm 3.5cm 3.4cm 34cm
12MeV dgg 3.7cm 39cm 3.8cm 3.8cm
dso 4.4cm 4.6¢cm 4.6cm 4.6cm
Rp 5.6cm 5.6cm 5.6cm 5.6cm

SD - 96 % 92 % 94 %
dgo 4.4cm 4.5¢cm 4 4cm 4.4cm
156MeV dgo 4.9cm 5.17cm 5.0cm 4.9cm
dso 5.9cm 6.0cm 6.0cm 5.9cm
Rp 7.2cm  7.0cm 7.3cm 7.2cm

SD ————  97% 93 % 93 %
doo  5.0cm 5.1em 4.8cm 4.4cm
18MeV dgo 5.9cm 6.0cm 5.7cm 5.3cm
dso 7.2cm 7.3cm 7.3cm 7.Tmc
Rp  9.0cm 8.9cm 9.0cm 8.8cm

Parameters are the same as Table 3.
dn : Depth of n % odse on beam axis
Rp : Practical range of electron beam in water

mm from the average values for each energy of
electron beam.

The cylindrical ion chamber could not be used
for measurement of surface doses because of the
limitations such as size of the chamber and struc-
ture of the polystyrene phantom. For 6 and 9 MeV,
surface doses by film are not put on Table 4. It is the
reason that the doses have large error of which
source seems to be air gap on both sides of film
near the surface of solid phantom. The surface
dose did not consist with that measured with differ-
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ent combination of measuring device and phantom.
In the case of 6, 15 or 18 MeV, the difference
between minimum and maximum of surface doses
was as large as 4%, the largest. it seems that the
difference of suface doses by different measuring
system would be related to perturbation in spec-
trum of electrons caused by the combination of
measuring device and phantom. For 10Xx10cm?,
higher the energy of electron beam, the surface
dose was greater. The rate of the increase of the
surface dose was greater for parallel-plate ion
chamber than for silicon PN junction diode.

As the result, the results that the surface dose
for lower energy (6~12 MeV) beam was lower for
parallel-plate ion chamber than for silicon diode
converted to that the surface dose for high energy
beam was higher for parallei-plate chamber than
for silicon diode.

in the case of 18 MeV, except for film the param-
eters studied agreed well within 1.5 mm from the
average values. Depths of 80 and 90% doses
measured by film in polystyrene phantom were 0.7
cm shallower than those measured by paralllel-
plate chamber in polystyrene phantom.

DISCUSSION

Silicon PN junction diode was found to give the
result that depth dose profile on central axis of
electron beam varied with field size, in particularly
small fields, but was nearly constant for large fields.
The smallest of field sizes for which the parameters
were constant increased with the energy of elec-
tron beams, even though that could not be definite-
ly determined. Variations of the parameters were

more severe for higher energy and smaller field
size.

These results are similar to other reported
results’®~'* even though some of them were given
with cylindrical ion chamber**~'¥, parallel-plate ion
chamber'® or film2:9,

As the field size-increases, the surface dose
obtained by silicon diode decreases for small fields
but increases for large fields. This result is similar to
the result of Sharma, et al*Y but contrary to the
results of Niroomand-Rad, et al*®, George, et al'®,
Jamshidi, et al'¥. The fact that increasing rate of
surface dose depended on combination of measur-
ing device and phantom, and one combination
showing lower surface dose for lower energies in
turn showed higher surface dose for higher
energies and vice versa was observed. Even
though it is well known that the surface dose of
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Fig. 2.

Comparison of central axis depth doses of electron beams by 4 combinations

of measuring devices and phantoms. Field size was 10x10¢m? at 100 cm SSD.

O : parallel-plate ion chamber in polystyrene phantom,  :
chamber in polystyrene phantom, 0O :

cylindrical ion
film in polystyrene phantom, ———— :

silicon PN junction diode in water phantom.

electron beam increases with the incident energy,
the fact that relative surface dose related to combi-
nation of measuring device and phantom depends
on the combination have not yet been reported.

NACP? recommends that cylindrical ion cham-
ber be not used for dosimetry of electron beam
with energy lower than 10MeV. HPA® recommends
parallel-plate ion chamber for measurement of the
surface dose of electron beams but not cylindrical
ion chamber. Authors have same opinion as their
recommendations.

Practical ranges in water of electron beams
taken for 10X10cm? field at 100cm SSD were
nearly constant without respect to the combination
of measuring device and phantom for each energy

of electron beam. The results of comparison of the
practical ranges that 1) Sharma, et al*V, get using
film in Temex rubber and cylindrical chamber; 2)
Niroomand-Rad, et al'?, using film and ion cham-
ber in polystyrene for 5 to 18 MeV, 10X10 cm? at 100
cm SSD; 3) George, et al'®, using film in polystyr-
ene, and diode and cylindrical chamber in water for
9 MeV, 10X10cm? at 100cm SSD; 4) Dutreix, et
al'®, using ion chamber, fiim and ferrous sulfate in
lucite for 20 MeV; 5) Feldman, et al'®, film in
opaque polystyrene and cylindrical chamber in
polystyrene for 7.0, 11.0 and 18.0 MeV, 10X10 cm?
showed that the practical range was independent
of measuring device and phantom. The practical
range was independent of measuring device and



phantom. The result of this study agreed well with
them.

For each electron beam with the range of 6~15
MeV, depths of 50, 80 and 90% doses on the central
axis taken for 10x10 cm? at 100 cm SSD were nearly
constant without respect to combination of
measuring device and phantom. For 18 MeV elec-
tron beam, depths of 50, 80 and 90% doses
showed also good agreement for 3 combinations,
that is, cylindrical chamber and paraliel-plate
chamber in polystyrene, and diode in water, except
for film in polystyrene. Niroomand-Rad, et al'?,
comparing central axis depth doses by film and ion
chamber in polystyrene for 5 to 18 MeV, 10xX10 cm?
at 100 cm SSD, George, et al'®, comparing central
axis depth doses by film in polystyrene, and diode
and cylindrical chamber in water for 9 MeV, 1010
cm? at 100 cm SSD reported good agreement of
central axis depth doses.

Dutreix, et ai'®, compared central axis depth
doses taken by ion chamber, film and ferrous
sulfate in lucite and reported result that central axis
depth doses of 20 MeV electron beam by film and
ferrous sulfate agreed with each other but were
higher than those by ion chamber. The result of
Dutreix, et al, that central axis depth doses of 20
MeV electron by film were higher than by ion cham-
ber is opposed to our result for 18 MeV electron.

For accurate and reliable dosimetry of high
energy electron beams, hence, more elaborate
studies for dosimeters, particularly ion chamber
and film in polystyrene, are required.

CONCLUSION

Central axis depth doses of electron beams in
water were studied for several field sizes given by
the electron applicators supplied from the manu-
facturer of Clinac-18 using a silicon diode. Also, the
depth doses for 10X10cm? at 100cm SSD were
studied for 4 combinations of measuring devices
and phantoms; cylindrical chamber, paraliel-plate
chamber and film in polystyrene, and diode in
water.

The conclusions got from this study are as fol-
lows:

1. Central axis depth doses of electron beam
vary with field size, but nearly constant for some
large fields.

2. As field size increased, the surface dose
decreased for small fields but increased for large
fields. Field size with minumum surface dose in-
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creased with the energy of electron beam.

3. For each energy of electron beam except for
18 MeV, the depths of 50, 80 and 90% doses agreed
well with depths taken by different combination of
measuring device and phantom.

4. Practical range was constant for both field
size and the combination of measuring device and
phantom.

5. It is desirable not to use cylindrical chamber
for measurement of surface dose in surface region
of electron beam of lower energy than 10 MeV. For
that purpose, parallel-plate chamber is recom-
mended.

6. Silicon PN junction diode could be recom-
mended for dosimetry of electron beam.
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