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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 
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Radiotherapy is a medical procedure that eliminates cancer cells by destroying their DNA. Secondary Standard 
Dosimetry Laboratories (SSDLs) serve an important role in providing traceable calibrations at certain radiation 
qualities for use in radiation measuring systems. The aim of this study is to investigate the absorbed dose rate to 
water (Dw) at the reference depth (zref = 5 g cm-2), the absorbed dose rate to water at the depth of dose maximum 
(Dmax), and the field output factors (OFs) for the different types of detectors (Farmer chamber type FC65-G, 
Semiflex chamber type 31010, Pinpoint 3D chamber type 31022, Diode E detector type 60017, and Microdia-
mond detector type 60019) in small fields of the 60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, 
and 2 × 2 cm2. The measurements were conducted in a Blue Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 coupled with an electrometer (Dose-1 electrometer), at a source to detector distance 
of 100 cm. The Dw (zref) values for all five detectors are decreasing as the field size decreases from 10 × 10 to 2 
× 2 cm2. Response variance is significant among detectors below a field size 4 × 4 cm2. Output factors (OFs) 
decrease as field size decreases, with all five detectors responding the same from 10 × 10 cm2 to 5 × 5 cm2. 
However, at small field sizes less than 3 × 3 cm2, there is significant variation across these detectors. Solid-state 
detectors are more compatible with small field sizes, making the Microdiamond detector more appropriate.

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency.
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

Table 1: Technical specifications of the different detectors used in this work [12-13]

Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref,
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw

(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w 2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 
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radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

Table 1: Technical specifications of the different detectors used in this work [12-13]

Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.
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Table 1: Technical specifications of the different detectors used in this work [12-13]

Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 

2.2
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

Table 1: Technical specifications of the different detectors used in this work [12-13]
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Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

Field Size 
(cm2) 

kT,P kpol ks Dw (zref) 
Gy/min 

PDD (zref) 
(%) 

Dw (zmax) 
Gy/min 

OF 

10 × 10 1.009 1.000 1.000 0.97 80.4 1.21 1 

5 × 5 1.009 1.001 1.000 0.89 76.7 1.15 0.95 

4 × 4 1.009 1.001 1.000 0.85 75.4 1.13 0.93 

3 × 3 1.010 1.001 1.000 0.76 73.8 1.03 0.85 

2 × 2 1.010 1.001 1.000 0.56 72.1 0.78 0.64 

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 

2.3
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.
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Table 1: Technical specifications of the different detectors used in this work [12-13]

Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Field Size 
(cm2) 

kTP kpol ks Dw (zref) 
Gy/min 

PDD (zref) 
(%) 

Dw (zmax) 
Gy/min 

OF 

10 × 10 1.021 0.993 1.000 0.98 80.59 1.26 1 

5 × 5 1.021 0.992 1.000 0.89 77.23 1.16 0.95 

4 × 4 1.022 0.992 1.000 0.87 75.69 1.15 0.94 

3 × 3 1.022 0.991 1.000 0.83 74.31 1.11 0.91 

2 × 2 1.022 0.997 1.000 0.67 71.78 0.93 0.77 

Table 4: Absolute dosimetry according to IAEA TRS-398 for Pinpoint chamber

Table 5: Absolute dosimetry according to IAEA TRS-398 for Diode E detector

Table 6: Absolute dosimetry according to IAEA TRS-398 for Microdiamond detector

Field Size 
(cm2) 

kTP kpol ks Dw (zref) 
Gy/min 

PDD (zref) 
(%) 

Dw (zmax) 
Gy/min 

OF 

10 × 10 1.027 1.003 1.001 0.96 82.68 1.16 1 

5 × 5 1.027 1.002 1.000 0.87 79.66 1.09 0.95 

4 × 4 1.027 1.003 1.000 0.85 80.29 1.06 0.91 

3 × 3 1.023 1.008 1.000 0.81 77.45 1.05 0.90 

2 × 2 1.023 1.011 1.000 0.69 75.78 0.92 0.79 

Field Size 
(cm2) 

Dw (zref) 
(Gy/min) 

PDD (zref) 
(%) 

Dw (zmax) 
(Gy/min) 

OF 

10 × 10 0.97 80.44 1.21 1 
5 × 5 0.89 77.55 1.15 0.95 
4 × 4 0.87 76.59 1.13 0.94 
3 × 3 0.83 74.46 1.12 0.93 
2 × 2 0.73 72.05 1.02 0.84 

Field Size 
(cm2) 

Dw (zref) 
(Gy/min) 

PDD (zref) 
(%) 

Dw (zmax) 
(Gy/min) 

OF 

10 × 10 0.97 81.04 1.19 1 
5 × 5 0.87 76.99 1.13 0.95 
4 × 4 0.84 76.08 1.11 0.93 
3 × 3 0.81 74.13 1.09 0.91 
2 × 2 0.70 70.86 0.99 0.83 

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

Table 1: Technical specifications of the different detectors used in this work [12-13]
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Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 
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Ionizing radiation is used to diagnose and treat illnesses, 
including cancer. Radiotherapy, also known as radiation 
oncology, is a medical specialty that uses high doses of 
radiation to destroy cancer cells and shrink tumors. This 
therapy kills cancer cells by damaging their DNA, causing 
them to either cease proliferating or die. However, 
radiation therapy does not immediately eliminate cancer 
cells, and they continue to die for weeks or months after 
treatment is completed [1,2]. In 1976, the IAEA and WHO 
established the network of SSDLs to standardize radiation 
readings. An SSDL is a laboratory approved by national 
authorities to provide radiation dosimetry traceability to 
the International System of Units (SI) for metrology users. 
The SSDLs play a significant role in delivering traceable 
calibrations at certain radiation qualities for use with 
radiation measurement devices [3]. 

Prasad Acharya et al. [4] analyzed the output dose from 
60Co teletherapy machines from 2012 to 2014 using actual 
dosimetry. The deviation was within the permissible 
limits of ±2% for each month calculation. The study 
concluded that the output dose delivered by the 60Co 
Teletherapy Unit (TTU), Bhaktapur Cancer Hospital 
(BCH), Nepal, was consistent and accurate. It 
recommended continuous dosimetric analysis for 
continuous improvement.  Healy et al.[5] examined the 
characteristics of 60Co machines and linacs in LMIC 
settings. 60Co machines have lower life-cycle costs, 
staffing levels, shielding requirements, and infrastructure. 
Linacs offer security arrangements and lack source 
exchange, while dosimetry differences make complex 
treatments easier. Local demand for curative and 
palliative treatments informs treatment complexity. A 

radiotherapy department with both machines and linacs 
may cover all needs. Sustainability is the most important 
factor in choosing technology, as it ensures continuity in 
radiotherapy services. Mathuthu et al.[6] showed strong 
potential for 60Co based teletherapy, with lower energy 
and penetration influencing intensity-modulated 
radiotherapy. Source head fluency can be modulated using 
secondary collimator jaw motion and a 3D physical 
compensator. Lauba & Wong [7] addressed the 
significance of correct absolute and relative dose 
measurements, with a focus on quality assurance 
measures in IMRT. Absolute dose measurements of 
intensity modulated fields using a 0.6 cm3 Farmer 
chamber reveal substantial changes in dose levels of more 
than 6% at the iso-center of an IMRT treatment plan. In 
the same experiment, dosage levels assessed using a 0.015 
cm3 pinpoint ion chamber showed differences of no more 
than 2%. A diamond detector is found to be useful as an 
alternative to other detectors used for small field 
dosimetry, such as photographic and photochromic film, 
TLDs, or water-equivalent scintillation detectors, due to 
its high spatial resolution and water equivalency. 
Woodings et al. [8] characterized the influence of the 
PTW 60019 Microdiamond on a magnetic resonance linac 
(MRI-linac). Because of its tiny physical size, good 
signal-to-noise ratio, and approaching water equivalency, 
the PTW 60019 Microdiamond is close to an ideal 
detector for small field dosimetry. Gomà et al. [9] 
investigated a Microdiamond detector's performance in a 
scanned proton beam, and its potential usefulness in the 
dosimetric assessment of proton pencil beams. The 
detector reading was found to be linear with the absorbed 
dose to water (down to a few cGy), and the detector 
response is independent of both the dose rate (up to a few 
Gy/s) and the proton beam energy (within the clinically 
relevant energy range). Singh et al. [10] investigated the 
small field characteristics of the 60Co source-based 
teletherapy system by altering the detector and source 
sizes. Square fields ranging in size from 1 × 1 cm2 to 10 × 
10 cm2 were employed in their investigation. For 
experimental measurements, two distinct ionization 
chambers (SNC125c and Pinpoint) with varying 
sensitivity volumes were utilized, and Monte Carlo (MC) 
simulations were performed using the tool for particle 
simulation (TOPAS) version 3.5 toolkit. The current study 
found that chamber size has a substantial influence on the 

assessment of tiny field characteristics, particularly OFs. 
Furthermore, source size is another element that has a 
considerable impact on beam profiles, limiting the usage 
of 60Co teletherapy machines to field sizes less than 3 × 3 
cm2.

As part of quality control, the dosimetric performance of 
radiation detectors must be appropriately and precisely 
evaluated. The objective of the present study is to evaluate 
Dw at zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs for the different types of detectors coupled 
with an electrometer (IBA Dose-1 electrometer) at a 
source to detector distance of 100 cm in small fields of 
60Co teletherapy unit. The dosimetric performances were 
investigated for a reference field size of 10 × 10 cm2, and 
for small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 
2 × 2 cm2. The measurements were conducted in a Blue 
Phantom2 3D water phantom according to IAEA 
dosimetry protocol TRS 398 [11]. 

2. Materials and Methods

The experimental procedure was performed by using 
IAEA dosimetry protocol TRS 398 [11] at the 60Co 
Gamma Lab, SSDL, Bangladesh Atomic Energy 
Commission (BAEC), Savar, Dhaka, Bangladesh. The 
irradiations were performed by the Therdatron Equinox 
External Beam Therapy System (60Co Teletherapy Unit, 
Best Theratronics Ltd., Ottawa, Ontario, Canada). The 
absorbed dose rate to water (Dw) at the reference depth (zref 

= 5 g cm-2), the absorbed dose rate to water at the depth of 
dose maximum (Dmax), and the field OFs of gamma ray 
machines have been investigated for five detectors: 
Farmer chamber type FC65-G (IBA Schwarzenbruck, 
Germany), Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 (PTW, Freiburg, 
Germany) in a reference field size of 10 × 10 cm2, and in 
small field sizes of 5 × 5 cm2, 4 × 4 cm2, 3 × 3 cm2, and 2 
× 2 cm2. The measurements were performed with an 
electrometer (IBA Dose-1 electrometer) at a source to 
detector distance of 100 cm in small fields of 60Co 
teletherapy unit in a 3D water phantom known as Blue 
Phantom² (IBA Schwarzenbruck, Germany) [12]. Table 1 
presents several features of the detectors used in this study 
and Fig. 1 is a pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.
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Table 1: Technical specifications of the different detectors used in this work [12-13]

Fig. 1: Pictorial representation of measurement of 
absorbed dose rate to water using a Farmer chamber at 
SSDL, BAEC, Savar, Dhaka, Bangladesh.

As per international protocol, all the detectors were 
calibrated in terms of the absorbed dose rate to water at 
the reference depth; hence, for the dosimetry, the kQ factor 

are 4.856×107 Gy/c, 2.942×108 Gy/c, and 2.607×109 Gy/c 
respectively. For solid state detectors we multiplied M with 
the correction factors that have been found from the 
absorbed dose rate of Farmer for a reference field size of 10 
×10 cm2. The value of the correction factor for Diode E is 
0.101 Gy/nC. The value of the correction factor for 
Microdiamond is 1.298 Gy/nC. Thus, the absorbed dose rate 
to water at the reference depth,  using Equation (2.1) for two 
solid-state detectors, was determined.

The absorbed dose rate to water at (Dmax) was calculated 
by the Equation (2.3) [11]:

Here, zmax = 0.5 g cm-2

The dosage at any depth along the central axis of the 
radiation beam, also known as the percentage depth dose 
(PDD), is one of the most often used quantities in dosimetry. 
The doses have been scanned using common control unit 
(CCU) which is close-packed unit completely software 
controlled combining controller and electrometers.

OFs of gamma ray machines is defined as the ratio of dose 
in water, Dw for a given beam collimator aperture, (A) at a 
reference depth, (d) to the dose at the same point and 
depth (d) for the reference collimator aperture, Aref [11]. 
The reference collimator aperture or simply the reference 
field Aref is usually chosen to be the 10 × 10 cm2 collimator 
setting. The field output factors were calculated by the 
Equation (2.4) [11]:

3. Results and Discussion

Dw at  zref = 5 g cm-2, the absorbed dose rate to water at Dmax, 
and the OFs of gamma ray machines have been 
investigated for five detectors: Farmer chamber type 
FC65-G, Semiflex chamber type 31010, Pinpoint 3D 
chamber type 31022, Diode E detector type 60017, and 
Microdiamond detector type 60019 in a reference field size 
of 10 × 10 cm2, and in small field sizes of 5 × 5 cm2, 4 × 4 
cm2, 3 × 3 cm2, and 2 × 2 cm2 according to IAEA dosimetry 
protocol TRS-398 [11].

Several correction factors were applied for ambient 
conditions, polarity, and ion recombination. As per 
international protocol, all the detectors were calibrated 
in terms of the absorbed dose rate to water at the 
reference depth; hence, for the dosimetry, the kQ factor 
is considered 1. Also, all detectors were calibrated with 
the same electrometer; hence, the electrometer 
correction factor, kelec, is considered 1. The following 
Tables, 2, 3, 4, 5, and 6, are the representations of 
absolute dosimetry for Farmer, Semiflex, Pinpoint, 
Diode E, and Microdiamond detectors, respectively, 
using the IAEA TRS-398 protocol [11]. In Tables 2, 3, 
and 4 for ionization chambers, the correction factors, 
Dw (zref) at zref = 5 g cm-2, Dw (zmax) at zmax, PDD at zref, 
and OFs have been measured. In Tables 5 and 6, there 
is no need for correction factors for solid-state 
detectors like ionization chambers due to their physical 
construction. Therefore, in Tables 5 and 6 for 
solid-state detectors, Dw (zref) at zref = 5 g.cm-2, the Dw 
(zmax) at zmax, the PDD at zref, and the OFs have been 
measured.

Table 3: Absolute dosimetry according to IAEA TRS-398 for Semiflex chamber

Data analysis for three ionization chambers (Farmer, 
Semiflex, and PinPoint) was performed using the derived 
correction factors in Tables 2, 3, and 4. Here, the deviation 
of the factors is extremely minor for all chamber field 
sizes from 10 × 10 cm2 to 4 × 4 cm2, although there are 

Table 2: Absolute dosimetry according to IAEA TRS-398 for Farmer chamber

deviations of kpol and kS in the small field size region 
below 4 × 4 cm2. Farmer responses are the most stable of 
these three chambers, whereas Semiflex and PinPoint 
responses are less stable at field sizes smaller than 4 × 4 
cm2.

Fig. 2: Dw (zref) at zref of all five detectors as a function of 
the field size.

It is evident from the above graphical data representation 
(Fig. 2) - which is supported by Tables 2, 3, 4, 5, and 6, 
that Dw (zref) is falling for all five detectors at the same 
time as the field size is reducing from 10 × 10 cm2 to 2 × 
2 cm2. There is a considerable response variance between 
all the detectors below field size 4 × 4 cm2, whereas the 
detector responses are almost identical within field sizes 
10 × 10 cm2 and 4 × 4 cm2. The value of Dw (zref) for 
Farmer below field size 4 × 4 cm2 is steadily declining due 
to the volume effect, which is steeper than that of other 
ionization chambers (Semiflex & Pinpoint). This clearly 
demonstrates that for small field sizes under 3 × 3 cm2, 
solid state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. When it comes to the 
field size of 2 × 2 cm2, Microdiamond performs better 
than Diode E detector.

Fig. 3: Output factors of all five detectors as a function of 
the field size.

Fig. 3 depicts the measurement of output factors as field 
size decreases, as established in Tables 2, 3, 4, 5, and 6. 
From a field size of 10 × 10 cm2 to 5 × 5 cm2, all five 
detectors respond the same. There is little fluctuation in 
output factors from 5 × 5 cm2 to 3 × 3 cm2. However, at 
small field sizes of less than 3 × 3 cm2, there is significant 
variation across these five detectors. Because of the 
volume averaging effect and charged particle 
disequilibrium, ionization chambers (Farmer, Semiflex, 
and PinPoint) deviated more than solid-state detectors 
(Diode E, Microdiamond). There is charged particle 
equilibrium in large field sizes, and the volume impact is 
insignificant. As a result, measuring output factors in 
smaller fields necessitates dosimeters with better spatial 
resolution and smaller sizes. Due to its large sensitive 
volume, the Farmer chamber deviated more than other 
chambers. Therefore, for small field sizes, solid-state 
detectors are more compatible than ionization chambers; 
thus, the Microdiamond detector is more appropriate than 
other detectors in this case.

4.  Conclusions 

This study’s goal is to assess dosimetric qualities of 
ionization chambers and solid-state detectors in small 
fields of 60Co teletherapy unit according to IAEA 
TRS-398 protocol. The Dw (zref ) values for all five 
detectors are decreasing as the field size decreases from 
10 × 10 cm2 to 2 × 2 cm2. Response variance is significant 
among detectors below field size 4 × 4 cm2, but responses 
are nearly identical within field sizes 10 × 10 cm2 and 4 × 
4 cm2. The Farmer detector's value is steadily declining 
due to the volume effect, which is steeper than other 
ionization chambers. For small field sizes under 3 × 3 cm2, 
solid-state detectors (Diode E & Microdiamond) are more 
practical than ionization chambers. OFs decrease as field 
size decreases, with all five detectors responding the same 
from 10 × 10 cm2 to 5 × 5 cm2. However, at small field 
sizes less than 3 × 3 cm2, there is significant variation 
across these detectors. Ionization chambers (Farmer, 
Semiflex, and Pinpoint) deviated more than solid-state 
detectors (Diode E, Microdiamond) due to volume 
averaging effect and charge particle disequilibrium. Large 
field sizes have charged particle equilibrium, and volume 
impact is insignificant. To measure OFs in smaller fields, 
dosimeters with better spatial resolution and smaller sizes 
are needed. Solid-state detectors are more compatible for 

small field sizes, making the Microdiamond detector more 
appropriate. The investigation will assist in establishing 
future procedures for the advancement of small field 
dosimetry.
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is considered 1. Also, all detectors were calibrated with 
the same electrometer (Dose-1); hence, the electrometer 
correction factor, kelec, is considered 1.

Dw at the zref was calculated by the Equation- 2.1 [11]:

Dw (zref ) = MND,w                          2.1 

Where, ND,w is the calibration factor in terms of absorbed 
dose to water for the dosimeter at the reference quality 60Co.

M is the electrometer reading corrected for the polarity 
effect, ion recombination and air density (temperature and 
pressure) with the reference point of the chamber 
positioned at zref by the Equation- 2.2 [11]:

Where, M1 = uncorrected electrometer reading;
kelec = the electrometer correction factor; 
kTP = temperature and pressure 
correction factor;
kpol = polarity correction factor;
ks = ion recombination correction factor.

Here, these correction factors have been measured according 
to IAEA dosimetry protocol TRS 398 [11]. The values of 
ND,w of Farmer, Semiflex, and Pinpoint ionization chambers 


