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Abstract
Diode detector systems are routinely used in
a number of departments for the quality
assurance of the delivered dose in radiation
oncology(l ,2 ,3 ,4 ,5). The main advantage
of diode detectors for in vivo dosimetry (over
TLDs, film dosimetry, ionization chambers)
is that results are immediately available in real
time, do not need external bias voltage and
are more sensitive for the same detection
volume than ionization chambers thereby
allowing a direct and immediate check of the
treatment accuracy. Also, is important to
mention that is possible to obtain different
accuracy levels. For example, in the case of
the measurements designed for evaluating the
dosimetric accuracy of a new treatment
technique for dose escalation studies the
action level should be tighter (the order of
2 % to 4 %, 2 standard deviations) than for
routine measurements aiming to discover and
correct for errors in the treatment of indivi-
dual patients (±5% - 10 %) or to avoid
misadministrations (10%-15 %).This work
describes the calibration method adopted and
the evaluation of the accuracy and precision
of in vivo dosimetry at Co60 and 23MV
photon energies.

Extensive phantom measurements were
made to determine the influence of physical
conditions on the diode response. Parameters
investigated included diode linearity, leakage,
and measurement reproducibility, as well as
the field size, SSD, and angular dependence.
The practical consequences of these
measurements are reported.

There is still some controversy as to
whether in vivo (diode) dosimeters are
required for routine quality assurance
purposes. Our work has shown that while
care must be taken in choosing and handling
diode detector systems they are able to
provide an efficient and effective method of
ensuring the dose delivered to the patient
during treatment is within acceptable limits.

Materials and methods
Description of detector system
The system employed here was an IVD 1131
dosimeter from Sun Nuclear Corporation with
a set of two n-type "special" semiconductor
diode photon detectors ISORAD (Sun
Nuclear Corporation) for measurements on
Co60 photon beams and a set of two p-type
semiconductor diode photon detectors EDP-
20 (Scanditronix Medical Systems) for
measurement on 23MV linac photon beams.
The diodes were connected to a 4 channel
microprocessor-controlled mobile electrometer
with provision for 4 diodes. The electrometer
was positioned in the treatment room and
linked by fiber-optic cables to a computer and
a display unit placed at the console area.

The calibration procedure

The first step in diode dosimetry is to assess
and verify diode basic characteristics like
signal stability after irradiation, intrinsic
precision, influence of dose, dose-rate,
temperature, energy and directional effect.
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There are some problems associated with
the calibration of the detector for exit
dose measurements and our attention
focused on entrance dose calibration. Exit
dose calibrations are complicated by the
reduced backscatter radiation, but the most
important factor in not considering exit
dose measurement is that in a very busy
department, performing both entrance and
exit dose measurements may increase the
overall treatment time by an unacceptable
amount. It is therefore felt that the first step
in enhancing the QA program would be
to carry out in vivo dosimetry using only
entrance dose measurements. After some
experience and feedback the process could be
further improved by incorporating both
entrance and exit dose measurements.

In order to be able to convert the signal Rsc

of the diode into a dose D, a calibration fac-
tor Fcal was determined.

F =D/R
cat sc

This calibration was performed in a water
phanto~i and a polystyrene solid phantom
by comparing the signal of the diodes on
the surface of a flat phantom to those of
a calibrated thimble type ionization chamber
atd .

max

For the C06O beams the entrance dose
calibration was carried out in the water phantom
with the calibrated ionization chamber at depth
of 5 cm. The percent depth dose (%DD) from
measured data and/or BRJ256 was used to get
the dose at d . This dose was converted using
the inverse square correction to estimate the dose
to the diode placed on the surface of the
phantom. On the other hand, in the linac 23 MV
photon beams the measurements were made on
the solid polystyrene phantom this time with the
ionization thimble type chamber at depth of dmax.

The Fcal was determined under reference
conditions. These were, field size of 10 cm x
10 cm at the phantom surface positioned at
the isocenter with an 80 cm SSD for the
Theratronic 780C (Theratronics International
Ltd.) Cobalt unit and under 100 cm SSD for
the MEVATRON KD2A (Siemens, Inc.)

Correction factors

The influences of collimator opening, SSD,
the presence of wedges and trays, and
directional dependence on the semiconductor
signal was studied.

After determining correction factors (CF)
to account for these effects, the semiconductor
signal can be converted to measured dose for
the different treatment conditions met in
clinical practice.
Measured dose = R c x Fcal x (CFco] x CFssd x CFwedge x

CFtray)

The correction factors (CF) were given by
the ratio of the readings of the ionization
chamber and semiconductor detector under
various conditions (e.g., wedged fields, tray
in the beam, etc.) divided by the same ratio
for the reference conditions (e.g., open field,
10 cm x 10 cm at SSD = 80 cm or SSD = 100
cm according to the diodes and machine
used).

Results and discussions
Diodes have some basic characteristics that
should be known before they are used in
clinical practice as was mentioned above.
Characteristic: Firstly the stability of the
diode's signal was monitored after irradiation
for a time corresponding to that encountered
in clinical practice. The drift was 0.5%
(ISORAD) and 0.4% (EDP-20), respectively
in 1 hour.
Practical consequence: Diodes and associated
electrometer should have a drift less than 1%
in the time range encountered for clinical
application.
Characteristic: The precision of the system
was gauged by measuring the reproducibility
of the diode signals for 10 consecutive
irradiations. A dose of 200 cGy was delivered
by the Co60 beam with a precision of ±5 %.
hi this beam the reproducibility of the signal
from the 2 ISORAD diodes was 0.35% and
0.27 % standard deviations, respectively. The
reproducibility measurements of the EDP-20
diodes were carried out on a 23MV linac
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photon beam for 200 monitor units getting a
result of 0.23 % and 0.19 % standard deviations,
respectively. This is a characterization of how
precise the system is. Also, the error with
reference to the dose measured for the ionization
chamber was 0.5% which is an indication of
the accuracy of measurements with the system.
Practical consequence: Usually the standard
deviation for a diode-based in vivo dosimetry
system should be less than 1%.
Characteristic: The response variation with
dose has been shown to be proportional to the
absorbed dose. (Figures 1 and 1 A)
Practical consequence: No correction for
linearity of the signal is necessary in the dose
range of our application.
Characteristic: The influence of dose
accumulated over the lifetime of the diode has
been described (7). According to the technical
manual of the ISORAD diode types(8) after
1500 treatments of 200 cGy, for a total of
300,000 cGy of radiation exposure they
typically lose less than 6% of their original
response. This level of tolerance to radiation
damage (sensitivity drop with accumulated
dose effect) will assure a high degree of
reproducibility in output even after substantial
accumulated dose. Scanditronix recommends
a monthly calibration verification of its diodes
EDP-20 type to account for this effect.
Practical consequence: Calibrations due to
radiation damage will be scheduled when
response variations become more than 3%.
Characteristic: The ISORAD diode detectors
have a typical sensitivity variation with
temperature (SVWT) coefficient of 0.1% per
°C and the EDP-20 diodes less than 0.5%.
Practical consequence: As long as the SVWT
remains smaller than 0.4% per °C, no
temperature correction is needed for in vivo
dosimetry.
Correction factors analysis

- When the SSD decreases, the number of
contaminating electrons and low energy
photons able to reach the semiconductor is
larger and the ratio of the ionization chamber
reading and the semiconductor reading
decreases. (Figures 2 and 2A)

- For large collimator sizes, the contamination
of the primary beam due to electrons and low
energy photons born in the machine head,
increases the surface dose and decreases the
depth of the maximum dose, (figures 3 and
3A)
- Constructional anisotropies in the diode
result in sensitivity variations as a function
of the angle between the central beam axis
and the symmetry axis of the diode (diode
long axis) and of the build-up cap. Relative
responses of diodes with angle are shown .
(figures 4, 4A, 5 and 5A)
From the graphs we know this kind of diode
must be taped on the patient skin with its long
axis (symmetry axis) perpendicular to the
rotation plane of the gantry.
Practical consequence: Directional
dependence of diode response may be of
importance when large angles may have to
be dealt with, like in tangential field
irradiation technique for breast or chest wall.
It is of importance when off-axis irradiation
is intended to be performed.
Practical consequence: When beam
modifying devices such as wedges and trays
are used, not only the beam contamination but
also the dose rate is modified and a correction
factor has to be applied. (Tables I and II)

Conclusions
In order to obtain a high accuracy, it is
necessary to verify and determine regularly
calibration factors under reference conditions
and to assess different sets of correction
factors. Using these correction factors, it is
possible to obtain very good agreement
between dose values measured with diodes
and ionization chambers.

On the other hand, it would be useful to
use some alternative approach with the "diode
response factors"(ii), for a given irradiation
condition. An effective way to use the diode
response factor is the evaluation of a second
calibration factor, under the average
conditions for the specific ports where the
discrepancies between the calculated and
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measured values occurred systematically for
the "first" calibration factor.

A number of errors in the dose delivery to
patients can be detected by means of in-vivo
dosimetry. Some of these errors are human
mistakes in the set-up of the patient, of beam
modifying devices and of wrong machine
settings. Systematic errors related to machine
performance, the dose calculation procedure
and the patient set-up may also be detected
with in-vivo dose measurements.
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TABLES AND GRAPHS

Table I. Correction factors for C06O photon beam modifiers.
ISORAD diodes.

Beam Condition

Open field

Tray

Wedge 15

Wedge 30

Wedge 45

IC [cGy] SC

183.6

171.7

123.9

129.1

108.8

[cGy]

199.9

185.9

133

133.5

109.1

{'factor

1413012
1

1.0056

1.0143

1.0529

1.0858

IC [cGy]

183.5

171.2

126.8

133.6

108.8

SC [cGy]

200.2

134.9

131.8

135.6

111.1

{'factor

1413006
1

1.3846

1.0496

1.0749

1.0684

Table II. Corrections factors for 23MV beam modifiers.
EDP-20 diodes.

Beam Condition

Open field

Tray

Wedge 15

Wedge 30

Wedge 45

IC [nC] SC

38.37

37.73

28.88

23.13

15.72

[cGy]

175.4

173.4

130.9

104.9

70.3

^factor

2P1659
1

0.9947

1.0085

1.0079

1.0222

IC [nC]

38.56

37.88

28.99

23.12

15.79

SC
fcGyl

175.1

173

130.4

104.4

69.7

Cfactor

2P1656
1

0.9943

1.0095

1.0056

1.0287



RADIOTBRAPIA

Fig. 1 System response linearily.

C06O Photon Beam.

w
o
z
5
W
K
W
Q

gQ

5 0 0 .

4 5 0 -

400-

350.

300-

250-

200.

-•—D,1413012 / *

—D—D,1413008 /

/

250 300 350 400 450

GIVEN DOSE [cGy]

Z

O
250 (fl

Fig 3 Correction factor as a function of field size
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Fig 1A System response linearity.
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Fig. 5 Long diode axis parallel to gantry rotation plane,

C06O Photon Beam.
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