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Abstract:  Linear Accelerators and Cobalt units are common source of radiation for external radiotherapy.  In Vivo Dosimetry (IVD) is a 
real time quality control set of methods used in cancer treatment clinics to   assure that dose is delivered as prescribed to tumor, 
while surrounding healthy tissue is spared. Silicon Diode detectors are among most popular detectors used for IVD.  In certain clinical 
conditions, both entrance and exit dose measurements are needed, for quality insurance, to calculate the dose received by tissue or organ 
inside patient’s body. Response of silicon diode detectors depends on multiple factors therefore prior of use in IVD each detector needs to be 
calibrated and corresponding factors of correction need to be calculated. Correction factors are needed to calculate dose for different field 
sizes, angle between beam axis and couch axis, skin to source distance (SSD), temperature etc. In this work we present our calculation of exit 
dose calibration factors for six silicon diode detectors made by PTW Frieburg Germany.  Diodes are calibrated for exit dose under either 6 
MVor 18 MV beam of photons as designated by manufacturer. Further we study dependence of response of individual diodes on distance 
from source and calculate corresponding correction factors. It was found that exit dose SSD dependence is pronounced and correction 
factors are necessary for exit dose IVD with diode detector in clinics. 

Introduction 

     Oncologists go at great length when planning radiation therapy 
for their patients by using the best available diagnostic technologies. 
In clinical practice, however, equipment failure and more often 
human factor may introduce many systematic and random errors 
which can lead to patient overdose accidents or therapy failure as 
result of under dose.  Accidents have been reported even very 
recently, most recent being Scotland case in 20163, and France in 
2005. In Vivo Dosimetry, is part of Quality Assurance program in a 
many cancer clinics. It is basically the process in which medical 
physicists employed by clinics check the dose received by each 
patient during treatment.  
IVD allows for quick, next radiation session, corrections and 
therefore prevention of possible accidents. IVD is currently 
recommended part of Quality Assurance (QA) program in 
radiotherapy centers by European Society for Therapeutic 
Radiology and Oncology6, International Atomic Energy Agency1 
and medical physicist professional organizations2.  ICRU 
recommends a narrower discrepancy of 3%, tolerable in clinics 
between planned and received dose5.  Semiconductor diodes are a 
reliable tool for in vivo dosimetry7 as they offer the advantage of 
immediate reading and no need for external bias as well as a good 
spatial resolution. 
Semiconductor diode dosimeter is physically a p-n junction device. 
P-type silicon diodes are preferred for dosimetry in radiotherapy, as 
they have much smaller leakage current and are more resistant to 
radiation damage compare to n- type diodes8. In absence of light 
and with no external bias applied, there will no current (except for 
leakage) flow through silicon diodes. Once silicon diode is 
irradiated current will flow in the external circuit. Signal will be 
proportional to dose received by diode up to certain dose level. 
When recombination of existing minority charges, created as result 
of radiation, will balance process of production of new charges 
current will saturate. Signal, or diode response, is measured by 
charge accumulated or collected in electrometer which is connected 
in the external circuit. Response is affected by factors such energy, 
dose rate, source to surface distance, accumulated dose, spatial 
orientation, temperature, field size, wedges used. Our purpose in 
this work is to calculate calibration factors for exit dose and 
respective correction factor for the PTW semiconductor diodes, that 
are to be used with Elekta Accelerators as part of an IVD dosimetry 
system. Exit dose is defined as dose transmitted through the body 
and is measured at dmax at the exit surface for the radiation beam by 
an ion chamber. Exit dose measurements are more difficult than 
entrance dose measurements because conditions of backscattering 

are very different. When using a diode IVD detector, we place the 
detector on the surface (over skin). The dose received in volume 
inside the body is calculated using a formula6 that relates dose 
measured at surface with different geometric factors. Exit dose is 
very important for IVD with therapy of the pelvis area. 

Materials and Methods 
      One of two Elekta Synergy Accelerators, was used in two 
modes of energy; 6 MV photons and 18 MV photons for this work. 
The 0.6 cm3 PTW Farmer ionization chamber, type 30013 is a 
waterproof standard chamber for absolute photon and electron 
dosimetry. PTW, Silicon p-type diodes were connected to a PTW 
electrometer MULTIDOS with 12 available channels. PTW diodes 
T60010 MP are color coded yellow by manufacturer. They come 
with a lead build up cap of 2.0 g/cm2 and are designated by the 
manufacturer to be used as detectors for the  6MV photon beam. In 
Fig.1 left is shown Electa Accelerator used in our work and Fig.1 
right is shown a probe of three 6 MV diodes on exit surface of 
phantom. PTW diodes T60010HP are color coded red.  Made with 
tungsten buildup of  3.0 g/cm2 they are designated for dosimetry 
under high energy 18 MV photon beam.  PTW made PMMA 
phantom that allows for in depth measurements in increments of 1 
mm was used for this work. 

Here we present the work done for calculating calibration factor and 
correction factors for exit dose, for different source to surface 
distances, for both 6 MV photon beam and 18 MV photon beam. 

.;Calculation of Calibration Factor  
 

      Diodes were calibrated using pre-calibrated ionization chamber, 
traceable to laboratory. Actual temperature and pressure correction 
was made for chamber reading. Diodes were placed on surface of 
PMMA phantom according to reference conditions; Source to 
Surface Distance (SSD)=100cm, Field Size was chose FS=20x20 
cm2 which is typical for abdomen measurements.  As dose received 
depends on scattering of surrounding medium, in case of a human 
body or respectively case of a  phantom, dose reaches its maximum 
at certain depth  under the skin or surface. This depth is called 
maximum dose depth and is marked as dmax. In terms of physics of 
interaction of radiation with matter,  this is the depth where 
electronic equilibrium is reached in medium  or, in other words 
where Dose equals Kerma for the radiation field in the medium.. It 
is roughly the length of free path of electrons created by photons 
colliding on skin or surface.  The calibration factor Fcal in terms of 

108

SCIENTIFIC PROCEEDINGS INTERNATIONAL SCIENTIFIC CONFERENCE "HIGH TECHNOLOGIES. BUSINESS. SOCIETY 2017"
WEB ISSN 2535-0013 

PRINT ISSN 2535-0005

YEAR I, VOLUME I, P.P. 108-112 (2017)



Gy/C was obtained as ratio of dose measured by ionization chamber 
at dmax with reading of diode positioned at surface2, when both are 
measured under reference conditions: 
 

ref
diode

ref
chamber

cal R
DF =  (1) 

Where ref
chamberD  is dose as measured by the ionization chamber in 

reference conditions (SSD=100 cm, FS=20x20 cm2 vertical beam, 
temperature: T =20○C, air pressure P=101,325Pa, with no wedges 
being used) while chamber is placed at depth dmax i.e. depth where 

dose reaches maximum dose for the particular beam.   ref
diodeR  is the 

diode reading in above reference conditions. Correction factors 
CFSSd are determined as ratios of  chamber reading over diode 
reading in clinical (experimental) conditions normalized   to ratio of  
chamber reading over diode reading in reference conditions.   
Chamber was placed at 100 cm -dmax, where dmax is depth where  
maximum of exit dose  is reached for the given beam energy at 100 
cm SSD and 0○ angle of incidence. For the Elekta Accelerator used 
in our work in 6 MV regimen dmax=1.6 cm; for the 18 MV beam 
dmax=3 cm.  Calibration factors for each diode used in respective 6 
MV photon beam and  in18 MVphoton beam are presented in table 
1 and table 2 respectively. Correction factors are to be used in 
clinical IVD to calculate exit dose received by patient.  Exit dose 

for patient in IVD will be calculated as reading of diode (placed on 
patient skin) multiplied by calibration factor Fcal, and then 
multiplied by all respective correction factors CFi, which factors 
allow for adjustments related to difference in response between 
diode and ionization chamber in different clinical conditions. CFSSD 
are calculated using equation 2:  
 

ref
diode

ref
chamber

chamber

R
D

R
D

CFssd diode

exp

exp

=  (2) 

  

CFSSD are dimensionless, numeric factors. ref
chamberD and ref

diodeR are  

defined above, exp
chamberD  is dose measured by chamber of 

ionisation in experimental condition, or, respectively in in clinical 

settings. exp
diodeR is diode reading in the particular experimental 

conditions. Experimental or clinical conditions differ from reference 
conditions by having parameters such as SSD, etc4.  to take values 
as needed in practice, values that will differ from the selected 
reference values.  

 
              TABLE 1. Exit Dose Calibration factors for diodes used under 6 MV photon beam 

Line Detector ID Charge (nC) Fcal (Gy/C) 

1 00083 -4.121 -4.200 -4.178 1.453 * 108 

3 00082 -4.205 -4.221 -4.230 1.425 * 108 

4 00078 -4.118 -4.135 -4.152 1.460 * 108 

 
               TABLE 2. Exit Dose Calibration factors for diodes used under 18 MV photon beam 

Line Detector ID Charge (nC) Fcal (Gy/C) 

1 00037 -7.541 -7.599 -7.579 9.740 * 107 

3 00035 -7.722 -7.731 -7.669 9.529 * 107 

4 00036 -5.959 -6.003 -6.011 1.108 * 108 

 
Correction Factors 

Response  of  two PTW diodes was investigated ;  one color 
coded yellow diode of serial number T60010MP, with lab 
identification number 00082  and the other color coded red of serial 
number T60010HP, with lab identification number 00037.  
Manufacturer has color coded y diodes according to their 
designated beam energy, yellow diodes are made with specific caps 
for usage with 6 MV. Diodes color coded red were made with 
specific build up caps for usage with 18 MV photon beam. In this 

work specific diodes were used only with respective energy beams 
as designated by manufacturer. Therefore energy correction factor 
FEN for each diode was assumed to be 1. This work was limited to 
the study of SDD effect on signal. Temperature dependence of 
detectors is the same as for the entrance dose and was investigated 
in our prior published work4. Correction factors calculated from 
data collected on variation of signal with Source to Surface 
Distance, normalized to reference values, are presented in the Table 
1 and 2: 

 

TABLE 2. SSD Correction Factors for exit dose  
SSD(cm) CFSSD (00082) CFSSD ( 00083) CFSSD ( 00078) CFSSD (00035) CFSSD ( 00037) CFSSD (00036) 

100 1.00 1.01 0.99 1.00 1.00 1.00 
105 1.21 1.22 1,11 1.09 1.23 1.24 
110 1.23 1.26 1.19 1.18 1.36 1.30 
115 1.31 1.33 1.29 1.27 1.42 1.41 
120 1.44 1.45 1.37 1.34 1.33 1.49 
125 1.51 1.57 1.48 1.48 1.47 1.55 

 
Diode and chamber of ionization readings were taken three times 
and the average of three respective measurements was used for 
calculation of  correction factors. Error of averages of readings, 
taken for the same SSD, was between 0.57% and  0.85%. 
Calculations of  values of correction factors (CFSSD) in the table 

were done according to equation 2. Measurements regarding signal 
dependence on SSD were made with field size typical for pelvis 
radiation; of 20cm x20cm. The linear or polynomial fitting for each 
diode are presented in the respective chart area. Factors of 
determination R2 are within 10% of unity.  
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 Figure 1.a. Exit Dose Correction factors vs SS for respective diodes 
 

 
 
Figure 1.b. Exit Dose Correction factors vs SS for respective diodes 
 

 
 
Figure 1.c. Exit Dose Correction factors vs SS for respective diodes 
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Figure 1.d. Exit Dose Correction factors vs SS for respective diodes 

 
 
Figure 1.e. Exit Dose Correction factors vs SS for respective diodes 
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Figure 1.f. Exit Dose Correction factors vs SS for respective diodes 
 

 
DISCUSSION AND CONCLUSIONS 

Variation of diode response in exit dose use with distance SSD was 
found. Correction factors CFSSD, were calculated as normalized ratio 
of ionization chamber reading to diode reading. Such variation is 
caused by dependence  of diode response on dose per pulse and 
secondly by contamination of diode detector with secondary 
electrons and low energy photons scattered from collimator and air 
molecules of air between collimator and phantom surface1,8. Diodes, 
placed on the surface of phantom or on skin of patient are directly 
exposed to secondary electrons and low energy photons. mostly 
from collimator, as well as secondary electrons scattered from air 
molecules. As distance to source decreases dose per pulse increases 
leading to additional minority carriers being created, while 
recombination centers in sensitive volume of diode remain constant 
in number. This leads to extra carriers created which contribute to 
current integrated with time to the charge collected by electrometer. 
Diode in such distance is made overly sensitive. Ion chamber is 
placed at depth and therefore attenuation and scatter from layer of 
PMMA material above chamber of ionization creates a different 
equilibrium and different response to the increased dose per pulse 
when distance is shortened. Diode 00078 showed a variance 
(sharper )on SSD. It was found that commercially available 
semiconductor diodes made by PTW are suitable for In Vivo 
Dosimetry 
Regarding signal dependence on SSD were made with field size of 
20cm x20cm. The standard deviation for diode 00078CFSSD was: 
σ=0.298, for diode 00037, σ= 0.140. Large deviation indicates a 
strong dependence of diode reading on distance to source. Such 

dependence was caused by secondary electrons contamination of 
dosimeter when dosimeter is placed closer to source. 
CONCLUSIONS  
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