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Abstract 

Project 1: Effects of High Volume MOSFET Usage on Dosimetry 
in Pediatric CT 

Purpose 

The objective of this study was to determine if using large numbers of Metal-

Oxide-Semiconducting-Field-Effect Transistors (MOSFETs), effects the results of 

dosimetry studies done with pediatric phantoms due to the attenuation properties of the 

MOSFETs. The two primary focuses of the study were first to experimentally determine 

the degree to which high numbers of MOSFET detectors attenuate an X-ray beam of 

Computed Tomography (CT) quality and second, to experimentally verify the effect that 

the large number of MOSFETs have on dose in a pediatric phantom undergoing a 

routine CT examination. 

Materials and Methods 

A Precision X-Ray X-Rad 320 set to 120kVp with an effective half value layer of 

7.30mm aluminum was used in concert with a tissue equivalent block phantom and 

several used MOSFET cables to determine the attenuation properties of the MOSFET 

cables by measuring the dose (via a 0.18cc ion chamber) given to a point in the center of 

the phantom in a 0.5 min exposure with a variety of MOSFET arrangements. After the 

attenuating properties of the cables were known, a GE Discovery 750 CT scanner was 

employed using a routine chest CT protocol in concert with a 10-year-old Atom 
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Dosimetry Phantom and MOSFET dosimeters in 5 different locations in and on the 

phantom (upper left lung (ULL), upper right lung (URL), lower left lung (LLL), lower 

right lung (LRL), and the center of the chest to represent skin dose). Twenty-eight used 

MOSFET cables were arranged and taped on the chest of the phantom to cover 30% of 

the circumference of the phantom (19.2 cm). Scans using tube current modulation and 

not using tube current modulation were taken at 30, 20, 10, and 0% circumference 

coverage and 28 MOSFETs bundled and laid to the side of the phantom. The dose to the 

various MOSFET locations in and on the chest were calculated and the image quality 

was accessed in several of these situations by taking the standard deviation of a large 

regions of interest in both the lung and the soft tissue of the chest to measure the noise. 

Results 

The proof of concept experiment found that the main cable of the MOSET, not 

the ends closest to the reading tip, is the most attenuating part of the cable. The proof of 

concept also found that increasing the number of MOSFET layers to 1, 2, 3, and 4 layers 

decreased the dose to the center of the phantom by 18, 28, 40, 42% respectively. 

Increasing the percent of the block phantom covered to 10, 30, and 50% coverage 

decreased the dose to the center of the phantom by 17.9, 17.8, and 18.2% respectively.	

 



 

 

vi 

Project 2: Pediatric Lens of the Eye Dose Reduction Using 
Siemens Care kV 

Purpose 

The Siemens Care kV is a software that recommends a tube potential (kV) setting 

for CT scans based on the thickness of the anatomy being scanned to reduce dose on a 

patient to patient basis. Pediatric cranial scans at Duke do not use this software nor do 

they use tube current modulation. Dose to the lens of the eye in pediatric patients can 

lead to lens opacity later in life [10]. The goal of this project was to determine if Care kV 

can be used in pediatric cranial scans to reduce the dose to the lens of the eye while 

maintaining adequate image quality. 

Materials and Methods 

A Siemens SOMATOM Force CT scanner performing a routine cranial scan 

protocol was used in concert with two Atom Dosimetry Phantoms (1-year-old and 5-

year-old) and MOSFET dosimeters to determine the effect changing the reference tube 

potential of the Care kV software would have on dose and image quality (measured 

with CNR). The settings used with Care kV were off, and semi reference tube potential 

120, 110, and 100 kV. 

Results 

Dose to the lens of the eye was reduced for the 1-year old phantom by 9.60, 17.6, 

and 19.7% by using Care kV with tube potential set to 120, 110 and 100 kV respectively. 
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Dose to the lens of the eye was reduced for the 5-year old phantom by 1.1, 8.9, and17.9% 

by using Care kV with tube potential set to 120, 110 and 100 kV respectively. Soft tissue 

CNR was reduced for the 1-year old phantom by 8.8, 11.0, and 5.0% by using Care kV 

with tube potential set to 120, 110 and 100 kV respectively. Soft tissue CNR was reduced 

for the 5-year old phantom by 3.5, 5.5, and 3.2% by using Care kV with tube potential set 

to 120, 110 and 100 kV respectively. Bone CNR was reduced for the 1-year old phantom 

by 4.4, 8.2, and 10.0% by using Care kV with tube potential set to 120, 110 and 100 kV 

respectively. Bone CNR was reduced for the 5-year old phantom by 4.8, 8.0, and 11.7% 

by using Care kV with tube potential set to 120, 110 and 100 kV respectively. 

Project 3: Designing Quality Assurance for Cesium Calibration 
Source  

Purpose 

Duke Radiation Safety uses a G10-2-12 Dual Source Irradiator to calibrate survey 

meters used in the institution. The Cs-137 Calibration source used by Duke was installed 

in 2005 and no quality assurance has been performed since then. The goal of this project 

was to establish a new quality assurance program around this irradiator. 

Materials and Methods 

Gafchromic XR QA2 radiochromic film was placed in the beam to measure the 

extent of the beam spread from the source collimator. Two 0.18 cc and a 6 cc ion 

chamber were used in a variety of combinations of distance from source and attenuation 
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to determine the exposure rate of the calibration source and compare it to the current 

calibration table in use. 

Results 

The collimator angles for the top, bottom, left, and right were calculated to be 

12°, 9°, 12°, and 12°, respectively. The two 0.18 cc ion chambers deviated from the table 

values by more than 30% for every measurement. The 6 cc ion chamber deviated from 

the calibration table in use by 9.6, 8.1, 3.4, and 3.7% for 30 cm no attenuation, 30 cm 2x 

attenuation, 100 cm no attenuation, and 100 cm 2x attenuation measurements 

respectively. 
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1. Effects of High Volume MOSFET Usage on Dosimetry 
in Pediatric CT 

1.1 Introduction 

Metal-Oxide-Semiconducting-Field-Effect Transistors (MOSFETs) are used in 

Computed Tomography (CT) dose measurements for their ability to give immediate 

dose values, the repeatability of measurements, and ease of use compared to the 

alternative thermoluminescent dosimeters (TLDs) [9].  

1.1.1 Pediatric Computed Tomography Dose Measurements 

For pediatric CT dosimetry studies done in the Duke Radiation Dosimetry 

Laboratory (DRDL), Atom Dosimetry Phantoms (CIRS, Norfolk, VA) are used. These 

anthropomorphic phantoms have many dosimetry points optimized to twenty-two 

different organs in the body ranging from 142 dosimetry points in the newborn phantom 

to 268 in the adult male phantom. The ten-year-old phantom has 198 different dosimetry 

points [2]. To estimate whole body dose to these phantoms, high volumes of MOSFETs 

must be used, one MOSFET to each selected dosimetry point, up to 40 MOSFETs at a 

time with one computer running the software [1]. With this high volume of MOSFETs 

being run at the same time, there are many MOSFET cables running to the reader 

module from many different points in the phantom. There are two options for dealing 
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with these MOSFETs: 1) let the MOSFETs drape evenly across the surface of the 

phantom or 2) bundle the MOSFETs and bring them to the side of the phantom. 

 
 

Figure 1: Atom Dosimetry Phantoms. The left image shows the line of 
phantoms used by the DRDL. The image on the right shows a slice of a phantom with 

the dosimetry points. 
 

1.1.2 Challenges 

Due to the large number of MOSFETs being used with the relatively small 

pediatric phantoms, the attenuation due to the multiple cables that connect the 

MOSFETs back to the reader module may affect the dose to the point in the phantom 

leading to inaccuracies in dose measurements for organs and whole body dose 

estimations. 

1.1.3 Goals 

The main objective for this study was to determine if the use of high volumes of 

MOSFETs in pediatric dose measurements affects the dose measured by the MOSFETs 
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and thus affects organ and whole body dose estimations. A secondary goal was that, if 

there was an effect, to give a recommendation on how to minimize this effect in future 

studies. To accomplish these objectives two aspects of the experiment were devised: a 

proof of concept experiment in which will be determined whether the MOSFET cables 

attenuate CT quality X-rays and a CT portion in which many MOSFETs will be used to 

cover a phantom and test in a real situation the effects of many MOSFETs. 

1.2 Materials and Methods 

This experiment was broken into two parts to explore the objectives laid out: a 

proof of concept portion and a CT portion. The two sections are discussed separately 

below. 

1.2.1 Proof of Concept 

The X-Rad 320 animal irradiator (Precision X-Ray Inc. North Branford, CT) set to 

120 kVp tube potential and 10 mA tube current and 30 s exposure was used in concert 

with a tissue equivalent block phantom (dimensions: 15 cm x 15 cm x 2.5 cm) to ascertain 

the effects of the MOSFET cables on an X-ray beam. To have accurate measurements, the 

correct half value layer (HVL) needed to be used to have the appropriate beam quality. 

1.2.1.1 Adjustment of the Half Value Layer 

The CT to be used in the second part of this projects has a HVL of 7.33 mm of 

aluminum. For the X-Rad 320 to have the same HVL, filtration needed to be added. 
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Through trial and error and using a Piranha (RTI Electronics Inc., Fairfield, NJ), a HVL 

measuring device, a total of 0.1 mm copper and 3 mm Al was needed to bring the HVL 

of the X-Rad to 7.30 mm aluminum.  

1.2.1.2 Proof of Concept Data Collection 

 The block phantom was placed in the X-ray field so that a 0.18 cc ion chamber 

(RADCAL, Monrovia, CA) placed in shaft bored in the phantom is in the center of the X-

ray field. The width of the MOSFET cables is 0.8 cm, thus two cables covers 

approximately 10% of the 15 cm x 15 cm phantom. Thus using 2 cables to be 10% area 

coverage, the following arrangements were irradiated and measured: 0%; 10%, 1 layers; 

10%, 2 layers; 10%, 3 layers; 10%, 4 layers; 30%, 1 layer; 30%, 2 layers; 30%, 3 layers; 50%, 

1 layer; 50%, 2 layers; and 50%, 3 layers. The correction factor was applied to each 

measurement to get the exposure in Roentgen (R) in the center of the phantom. 
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Figure 2: Placement of MOSFETs on Block Phantom. 10% coverage, 1 layer (top 
left); 10% coverage, 3 layers (top right); and 50% coverage, 1 layer (bottom) 

 

 

1.2.1.3 Calculation of f-factor 

An f-factor is a conversion factor that coverts from exposure to dose in whatever 

material needed, in this case, soft tissue. It does this by comparing the mass energy 

attenuation coefficients of air and soft tissue at a certain energy to determine the amount 

of dose an equivalent amount of exposure would give to soft tissue and multiplying by 

0.877 cGy/R. The equation for an f-factor is below.  
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𝑓 − 𝑓𝑎𝑐𝑡𝑜𝑟 =
µ)*
r +,-.	01223)

µ)*
r 415

∗ 0.877	𝑐𝐺𝑦/𝑅     (1) 

To obtain the mass energy attenuation coefficients for both soft tissue and air, an 

effective energy was determined. An effective energy is the energy at which a 

monoenergetic photon beam would produce the same HVL as the spectrum the effective 

energy is being calculated for. The HVL of aluminum was taken and a linear attenuation 

coefficient (µ) was found using the formula below. 

𝜇 = 	 @A B
CDE

           (2) 

The linear attenuation coefficient for aluminum was found to be 0.9495 cm-1. This 

linear attenuation coefficient was divided by the density of aluminum (2.699 g/cm3) to 

find the mass attenuation coefficient. The mass attenuation coefficient for aluminum was 

found to be 0.3518 cm2/g. The National Institute of Standards and Technology has tables 

for all the elements of mass attenuation and mass energy attenuation coefficients by 

energy. The mass attenuation coefficient for aluminum was taken and the table was 

interpolated to find the effective energy. The effective energy was found to be 0.05180 

MeV. The effective energy was taken and the graphs for soft tissue and air were 

interpolated to find the mass energy attenuation coefficients for both air and soft tissue. 

The mass energy attenuation coefficients were found to be 0.03907 cm2/g and 0.04162 

cm2/g for air and soft tissue respectively. These values were taken and equation 1 was 



 

 

7 

used to find an f-factor of 0.92997 cGy/R. This f-factor was applied to all the exposure 

measurements to find the dose to the center of the block phantom. 

 

1.2.2 Computed Tomography Experiment 

For the CT portion of the experiment, a GE Discovery 750 CT scanner (GE 

Healthcare, Milwaukee, WI) was employed using a routine chest CT protocol in concert 

with a 10-year-old Atom Dosimetry Phantom and MOSFET dosimeters in 5 different 

locations in and on the phantom (upper left lung (ULL), upper right lung (URL), lower 

left lung (LLL), lower right lung (LRL), and the center of the chest to represent skin 

dose). The Protocol was ran four times to get adequate dose to the MOSFETs.  

1.2.2.1 Calibration of MOSFETs 

When a MOSFET is placed in a radiation field, the ionizing radiation creates 

electron hole pairs in the MOSFET. These electron hole pairs build up and change the 

voltage required to turn on the transistor. The difference in this voltage is what the 

MOSFET dosimeter reads, thus to have a measurement in cGy, the MOSFETs must be 

calibrated. The MOSFETs were calibrated by placing them beside a 6 cc ion chamber in 

the center of the CT scanner. The CT scanner was set on maintenance mode and set not 

to rotate. Three X-ray shots were collected with settings of 120 kVp tube potential, 30 

mA tube current, and 1 second exposure. The measured exposures from the ion chamber 
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were used with the measure voltage changes in the MOSFETs to calculate a conversion 

factor. The conversion factors are in the table below. 

 

Table 1: MOSFET Correction Factors 

MOSFET	

Number 

MOSFET	

Location 

Correction	

Factor Deviation	(%) 

1 Skin 20.74 8.5 

2 URL 23.16 9.1 

3 ULL 26.05 2.3 

4 LRL 22.2 10.8 

5	 LLL	 22.92	 8.5	
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Figure 3: MOSFET Calibration Set Up. The radiochromic film is to ensure the 
ion chamber and MOSFETs are in the CT beam. 

 

1.2.2.2 CT Experiment Data Collection 

Twenty-four used MOSFET cables were arranged and taped on the chest of the 

phantom to cover 30% (19.2 cm) of the circumference of the phantom (62.0 cm). Scans 

using tube current modulation and not using tube current modulation were taken at 

30% (24 MOSFETs), 20% (16 MOSFETs), 10% (8 MOSFETs), and 0% (0 MOSFETs). Next 

MOSFETs were bundled and laid to the side of the phantom and scans with and without 

tube current modulation were taken to simulate taking the MOSFETs and bringing them 

all to the side of the phantom. The MOSFET readings were taken and the individual 

correction factors were applied to each one. These exposure readings then had an f-

factor of 0.93007 cGy/R applied to them, which was calculated in the same method as in 

section 1.2.1.3 from a HVL of 7.33 mm aluminum for the CT scanner. 
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Figure 4: Phantom with 30% Coverage MOSFET layer.  
 

1.2.2.3 Image Quality Analysis 

Noise is a common measure of image quality in medical physics. Noise is found 

my taking a large region of interest (ROI) and taking the standard deviation of the pixel 

values (in Hounsfield units). The DICOM images from the CT scans of the control (with 

no MOSFETs), the 30% spread coverage, and the bundled MOSFETs for both with and 

without tube current modulation were taken and two ROIs, one in the lung and one in 

soft tissue, were drawn in the same slice of each one and the noise was computed for 

each of the above listed combinations of MOSFETs.  
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Figure 5: DICOM image of 30% coverage with Soft Tissue and Lung ROIs  

 

1.3 Results 

1.3.1 Proof of Concept 

The data from the proof of concept experiment is in Table 2 below. Note that a 

MOSFET is 0.2 cm thick, thus to get the thickness of MOSFETs one must simply multiply 

the number of layers by 0.2 cm. Also note that adding even one layer of MOSFETs 

covering only 10% of the area of the phantom decreased the dose to the center of the 

phantom from 22.3±0.2 cGy to 18.3±0.3 cGy, a percent difference of 17.9%. 
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Table 2: Proof of Concept Data 

Percentage	

Covered Layers 

Thickness	

MOSFETs	

(cm) Dose	(cGy) Error	(cGy) 

Percent	

Difference	

From	0	

MOSFETs	

0 0 0 22.29 0.23 N/A	

10 1 0.2 18.30 0.27 17.9	

10 2 0.4 16.04 0.09 28.0	

10 3 0.6 13.38 0.16 40.0	

10	 4	 0.8	 12.82	 0.10	 42.5	

30	 1	 0.2	 18.32	 0.16	 17.8	

30	 2	 0.4	 14.62	 0.16	 34.4	

30	 3	 0.6	 12.78	 0.11	 42.7	

50	 1	 0.2	 18.24	 0.25	 18.2	

50	 2	 0.4	 15.09	 0.09	 32.3	

50	 3	 0.6	 12.49	 0.13	 44.0	

 

Below is plotted the dose while keeping the percent coverage constant and 

increasing the thickness of MOSFETs. 
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Figure 6: 10% Coverage Increasing Layers. 
 
Below is plotted the dose as MOSFET thickness is held constant and percent 

coverage is increased. 

 

Figure 7: Constant Thickness Increasing Percent Coverage. 
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1.3.2 Computed Tomography Experiment 

1.3.2.1 Dose Analysis 

Below are the doses given to each location by increasing coverage of MOSFETs. 

Note that there is significant dose decrease in the skin measurements ranging from 0.807 

cGy to 0.415 cGy for with tube current modulation and from 2.048 cGy to 1.637 cGy. 

Also note the lack of significant change in the dose for all other points in the lung for 

both with and without tube current modulation. 

 

Figure 8: Skin with Tube Current Modulation. 
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Figure 9: Upper Right Lung with Tube Current Modulation. 

 

Figure 10: Upper Left Lung with Tube Current Modulation. 
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Figure 11: Lower Right Lung with Tube Current Modulation. 

 

Figure 12: Lower Left Lung with Tube Current Modulation. 
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Figure 13: Skin without Tube Current Modulation. 

 

Figure 14: Upper Right Lung without Tube Current Modulation. 
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Figure 15: Upper Left Lung without Tube Current Modulation. 

 

Figure 16: Lower Right Lung without Tube Current Modulation. 



 

 

19 

 

Figure 17: Lower Left Lung without Tube Current Modulation. 

Below is the dose comparison between no MOSFETs, 30% coverage, and the 

MOSFETs bundled to the side for both with and without tube current modulation, 

respectively. 

 

 

 

 

 



 

 

20 

 

Table 3: Dose Comparison Between Cable Management Techniques with Tube 
Current Modulation 

Location 

No	

MOSFETs	

Dose	(cGy) 

30%	

Coverage	

Dose	(cGy) 

Bundled	to	the	

Side	Dose	(cGy) 

30%	Coverage	

Percent	

Difference	

from	None	(%) 

Bundled	to	the	

Side	Percent	

Difference	

from	None	(%)	

Skin	 0.81 0.41 0.91 -48.6 13.0	

URL 0.68 0.64 0.82 -5.9 19.6	

ULL 0.75 0.70 0.82 -7.1 9.5	

LRL 0.80 0.46 0.67 -42.1 -15.8	

LLL	 0.83	 0.84	 0.91	 2.0	 9.8	

 

Table 4: Dose Comparison Between Cable Management Techniques without 
Tube Current Modulation 

Location 

No	

MOSFETs	

Dose	(cGy) 

30%	

Coverage	

Dose	(cGy) 

Bundled	to	the	

Side	Dose	(cGy) 

30%	Coverage	

Percent	

Difference	

from	None	(%) 

Bundled	to	the	

Side	Percent	

Difference	

from	None	(%)	

Skin	 2.0 1.6 1.9 -20.1 -5.1	

URL 1.8 1.6 1.8 -13.6 -2.2	

ULL 1.8 1.7 1.6 -8.7 -12.5	
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LRL 1.7 1.6 1.5 -6.1 -11.4	

LLL	 2.0	 1.9	 1.7	 -3.3	 -12.4	

 

1.3.2.2 Image Quality 

Below are the comparisons in noise for both with and without tube current 

modulation, respectively. Note the overall higher noise for the with tube current 

modulation scans and note that in every case, the noise of the bundle scans was 

significantly higher. 

 

Figure 18: Noise with Tube Current Modulation 
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Figure 19: Noise without Tube Current Modulation 

 

1.4 Conclusion 

The proof of concept experiment proved that the MOSFETs appreciably 

attenuate a CT quality beam both when increasing the thickness and increasing percent 

coverage of the area being irradiated. The results of the CT portion of this experiment 

showed that when increasing the MOSFET percent coverage in circumference of a 

pediatric 10-year-old phantom does not drastically impact dose unless a skin dose is 

being measured under the MOSFET layer. However, if doing a pediatric CT study that 

involves image quality analysis it is recommended that the MOSFET cables be spread 

out over the area of the phantom instead of bundled to the side due to the noise increase 
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when having the bundle to the side of the phantom, especially if not using tube current 

modulation. 

1.5 Discussion 

The results for the CT portion of this experiment were not expected. A significant 

dose discrepancy was expected when adding so many MOSFETs in the way of the CT 

beam. This lack in discrepancy may be because the dose given to the center of the 

phantom is more dependent on scatter radiation than primary beam radiation. The 

image quality data shows what a difference tube current modulation can make in image 

quality due to the significantly lower differences in noise between no MOSFETs and the 

bundle of MOSFETs on the side (11% increase in noise with tube current modulation 

and 42% noise increase without tube current modulation). 

1.6 Future Work 

Moving forward, we would like to perform the CT portion of this experiment on 

smaller pediatric phantoms (1 and 5 year olds) to study the effects of having less 

scattering medium in the path of the primary beam and how this effects dose in the 

phantom. 
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2. Pediatric Lens of the Eye Dose Reduction Using 
Siemens Care kV 

2.1 Introduction 

In this experiment, Siemens Care kV dose reduction algorithm was evaluated in 

terms of lens of the eye dose reduction in pediatric CT head scans. 

2.1.1 Pediatric Lens of the Eye Dose 

Studies have shown that there is a relationship between dose to the lens of the 

eye and the development of cataracts [10]. Among these studies, several have focused on 

the development of cataracts later in life of pediatric patients that have received 

radiation to their eyes. One such study stated that the growing lens of the eye is very 

susceptible to radiation damage and the lens of the eye is susceptible to long term effects 

because the damaged cells are not removed [8]. A nationwide study has shown that 

repeated head and neck CTs are significantly associated with risk of cataract [10]. Due to 

these connections, any reduction in lens of the eye dose in head CTs, especially for 

pediatrics, is relevant to prevent cataract induction later in life. 

2.1.2 Siemens Care kV 

Siemens Care kV is a software that suggests a tube potential, to be used 

alongside tube current modulation, based on size and clinical indication to optimize 

dose while keeping image quality the same [7]. Contrast to noise ratio is a common 

measurement of image quality. Noise is inversely proportional to the square root of the 
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number of photons (mAs) and the number of photons determines the dose given to the 

patient, thus if you decrease dose, you increase noise. Care kV can reduce the dose while 

keeping the image quality the same by reducing tube potential thus increasing contrast 

in the image, allowing for more noise and therefore less dose.  

There are three settings that Care kV can be operated in: on, semi, or off. The on 

setting allows Care kV to pick the tube potential itself. The semi setting allows the user 

to set the tube potential manually and the system will adjust the mAs to compensate. 

The off position operates the tube potential at the protocols default setting. 

2.1.3 Goals 

The main objective of this experiment was to determine in Siemens' Care kV 

reduces the dose to the lens of the eye in pediatric head CTs while keeping the image 

quality the same to determine the feasibility of implementing Care kV in clinical 

pediatric head CT scans. 

2.2 Materials and Methods 

A Siemens Somatom Force CT scanner (Siemens Medical Solutions USA, Inc., 

Malvin, PA) was used running a standard head CT protocol in concert with two 

anthropomorphic ATOM phantoms (CIRS, Norfolk, VA) (1-year-old and 5-year-old) 

with a MOSFET dosimeter in each lens of the eye dosimetry point to study the variation 

of tube potential using Siemens Care kV. 
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The MOSFETs were calibrated as explained in section 1.2.2.1 above and placed in 

the lens of the eye dosimetry points in the phantoms (holes 10 and 11 in the one-year-old 

and holes 15 and 16 in the five-year-old). The phantoms were then scanned in the Force 

CT scanner using the same protocol except for changing the Care kV settings. The Care 

kV settings used were off with tube potential set to 120 kV and semi with the tube 

potential set to 120, 110, and 100. It is important to note that the scans taken with Care 

kV off also do not have tube current modulation, which is the standard protocol for 

head CT scans but the scans with Care kV set to semi do have tube current modulation 

because Care kV cannot be run without tube current modulation. 

 

Figure 20: Lens of the Eye Dosimetry Points. Holes 10 and 11 for the one-year-
old phantom (left) and holes 15 and 16 for the five-year-old phantom (right). 

 

2.2.1 Calculating f-factors for Multiple Tube Potentials 

Due to the changing tube potentials in this experiment, separate f-factors had to 

be calculated for each tube potential. To calculate these different f-factors, the Force CT 
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scanner was put in maintenance mode and a Piranha was used to measure the HVL at 

each tube potential. The f-factors were calculated using the same method as described in 

section 1.2.1.3 and were applied to the MOSFET readings along with the mV to roentgen 

correction factor obtained from the MOSFET calibration to obtain a lens of the eye dose 

in cGy. The right and left lens of the eye dose was averaged to calculate the average lens 

of the eye dose. 

Table 5: Measured Half Value Layers and Calculated f-factors for Three 
Different Tube Potentials 

Tube	Potential	(keV) Measured	HVL	(mm	Al) f-factor	(cGy/R) 

100	 6.71 0.928 

110 7.24 0.930 

120 7.74 0.932 

 

2.2.2 Image Quality 

A common measure of image quality in CT is the contrast-to-noise-ratio (CNR). 

CNR is found by equation (3): 

𝐶𝑁𝑅 = 	 HI21J*4KLHIM4NOJ5,3*P
sM4NOJ5,3*P

     (3) 
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Where CTsignal is the CT number (or Hounsfield Unit) value of the signal (in this 

case a soft tissue plug), CTbackground is the CT number value of a large ROI in the image, 

and sbackground is the standard deviation of the CT number values in the background ROI. 

 

In this experiment, the background in the images was brain matter and the signal 

was a soft tissue equivalent plug inserted into the phantom or the bone equivalent 

material in the phantom. These materials were selected because CT scans are usually for 

looking for low density masses in the brain or for cranial-facial bone reasons. Each set of 

images had the same ROIs drawn in them and CNR was calculated for each setting. 

 

 

Figure 21: Image Quality ROIs for 1-year-old (left) and 5-year-old (right).  
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2.3 Results 

2.3.1 Lens of the Eye Dose 

Below are the results for the lens of the eye dose for both the 1-year-old and 5-

year-old phantoms and the percent dose reduction from the control of the protocol 

without Care kV. 

 

Figure 22: Dose to the Lens of the Eye. 
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Figure 23: Percent Dose Reduction. 

2.3.2 Image Quality 

Below are the CNR results from the image quality analysis for both soft tissue 

and bone. 

 

Figure 24: Soft Tissue CNR. 
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Figure 25: Bone CNR. 
 

Below are graphs depicting the percent difference from the CNR of the control 

protocol for both bone and soft tissue. 

 

Figure 26: Percent Difference for Soft Tissue CNR. 
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Figure 27: Percent Difference for Bone CNR. 
 

2.4 Conclusion 

As can be seen from the results above, the dose to the lens of the eye for both the 

1-year-old and the 5-year-old decreased by 19.724% and 17.854%, respectively, from the 

control protocol as the reference kV was lowered with Care kV. In response to the 

lowered kV and lowered dose, the CNR for both soft tissue and bone decreased (with 

maximum percent differences for soft tissue being -11.001% and -5.517% for 1-year-old 

and 5-year-old respectively and maximum percent differences for bone being -10.046% 

and -11.715% for one-year-old and 5-year-old respectively). While there was a decrease 

in CNR every iteration, the decreases were not substantial.  
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2.5 Discussion 

This experiment has shown that Siemens' Care kV software performs as it 

intends to in pediatric head scans, it decreases dose while keeping CNR approximately 

constant. While the dose reduction is clear, it is not drastic. Thus, while Care kV may 

have more of a drastic effect and thus be more applicable in other clinical applications, 

such as chest CT etc., the applicability to pediatric head CT in the clinic is questionable. 

However, any reduction in the dose to the lens of the eye should be considered to 

decrease the populations induction of radiation induced cataracts [3]. 

2.6 Future Work 

In the future, the Care kV system could be evaluated using a newborn phantom 

due to the significant size difference between the new born and the 1-year-old, the dose 

reduction may be more drastic. 
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3. Designing Quality Assurance of a Cesium Calibration 
Source 

3.1 Introduction 

The North Carolina state regulation 10A NCAC 15 .0213 (a)(3)(A) states "such 

calibrations are currently traceable to the National Institute of Standards and 

Technology" referring to the calibration of survey meters by entities such as Duke [4]. To 

comply with this regulation, Duke Radiation Safety calibrates all survey meters to a G10-

2-12 Dual Source Irradiator (Hopewell Designs Inc., Alpharetta, GA). The exposure rate 

for this source has been taken with an ion chamber at various distances and 

attenuations. This ion chamber is traceable to NIST through the University of Wisconsin, 

who calibrates the ion chamber every two years, thus completing the trace of the survey 

meters to NIST. 

There are two sources in the calibration irradiator, one that was 31.8 mCi at 

installation and one that was 3757.5 mCi at installation. The larger source is the source 

used most often for calibration and that is the source this experiment will focus on 

because the small source is approximately 24 mCi at this time, which results in an 

exposure rate at 1 meter of 7.7 mR/hr which is so small that only the most sensitive of 

detectors can accurately measure it. 
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3.1.1 Challenges 

Although exposure measurements were taken when originally installed, no 

measurements have been taken since except for those taken for calibration of the survey 

meters. Also, the geometry of the beam was not assessed at installation and could have 

since changed drastically due to mechanical error.  

3.1.2 Goals 

The main objective of this project was to determine the geometry of the beam 

emitted by the larger Cesium source and to determine the exposure rate of the larger 

Cesium source and to make recommendations on how a quality assurance program for 

this irradiator. 

3.2 Materials and Methods 

3.2.1 Geometry 

To determine the geometry, or where and how the beam is oriented, Gafchromic 

XR QA2 film was used which is sensitive to a dose range of 0.1 cGy to 20 cGy. The film 

was put into a specialized acrylic holder that holds the film in a vertical position. The 

film was placed 20 cm from the collimation opening and exposed for 60 hours to obtain 

an adequate dose of the film and therefore darkness of film. A diagram of the setup is 

below. 
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Figure 28: Placement of Film for Geometry Measurements. 
 

 

Figure 29: Diagram of Geometry Measurements, Side. 
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Figure 30: Diagram of Geometry Measurements, Top. 
 

3.2.2 Exposure Rate  

To measure the exposure rate of the cesium source, a National Institute of 

Standards and Technologies Cs-137 calibrated 0.18 cc ion chamber was used. The ion 

chamber was placed in the center of the beam at 90 cm with no attenuation and exposed 

to the source for 1 hour the exposure was then divided by the time to find an exposure 

rate. A different 0.18 cc ion chamber was then exposed for 6 min at 90 cm with no 

attenuation to ensure the readings from the first ion chamber was not erroneous.  



 

 

38 

 

Figure 31: 0.18 cc Ion Chamber placed in Center of Beam at 90 cm. 
 

Due to limitations of the 0.18 cc ion chambers, to be discussed later, a 6 cc ion 

chamber that was last calibrated to Cs-137 in 2005 was used to measure the exposure 

rate using 5 minute accumulations at 30 cm and 100 cm using both no attenuation and 

2X attenuation, which is meant to reduce the exposure rate by half. 



 

 

39 

 

Figure 32: 6 cc Ion Chamber Placed in Center of Beam at 30 cm, no attenuation. 
 

The exposure rates measured were compared back to the calibration table that is 

currently in use. 

3.3 Results 

3.3.1 Geometry 

Using the measurements from the radiochromic film and simple trigonometry, 

the angles at which the collimator emits the beam in all directions were calculated and 

are in the table below. 
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Table 6: Calculated Angles for Geometry. 

Collimator	Side Angle	(°) 

Top	 12.13 

Bottom 9.648 

Left 11.58 

Right	 11.58	

 

3.3.2 Exposure Rate 

Below is a table listing all the information for each accumulation. 

Table 7: Exposure Rate Data. 

Ion	

Chamber	

Distance	

from	

Source	(cm)	

Attenuation	

(X)	

Accumulation	

Time	(hr)	

Exposure	

Rate	

(mR/hr)	

Standard	

Deviation	in	

Rate	(mR/hr)	

Percent	

Deviation	

from	Table	

(%)	

0.18	cc	#1	 90	 none	 1	 1493.40	 33.82	 30.20	

0.18	cc	#2	 90	 none	 0.1	 1566.86	 16.34	 36.61	

0.18	cc	#2	 90	 2	 0.17	 940.71	 7.36	 67.69	

0.18	cc	#2 100 none	 0.1	 1276.77	 8.94	 37.44	

6	cc	 30 none	 0.083	 9332.54	 12.40	 9.55	

6	cc 30 2	 0.083	 4638.27	 6.95	 8.13	
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6	cc 100 none	 0.083	 897.78	 3.61	 3.36	

6	cc	 100	 2	 0.083	 437.13	 0.44	 3.72	

 

3.4 Conclusion 

As seen in the results, the geometry portion of this experiment was completed 

and for quality assurance should be checked on an annual basis to assure no drastic 

mechanical failure has occurred. The goal for the exposure rate portion of this 

experiment was not met due to the inaccuracy of the 0.18 cc ion chambers. The 0.18 cc 

ion chambers are the only NIST Cs-137 calibrated ion chambers the lab has. The 0.6 cc 

ion chamber is not calibrated to Cs-137 by NIST therefore cannot be used to accurately 

measure the exposure rate of the Cs source. 

3.5 Discussion 

In this experiment, it was discovered that the 0.18 cc ion chambers calibrated to 

Cs-137 did not accurately measure the Cs calibration source, agreeing within 5% of one 

another but disagreeing by around 30% with the calibration table. This is most likely due 

to low exposure rate of the Cs source and the limitations of the 0.18 cc ion chamber. The 

exposure rate dependency for the 0.18 cc ion chamber is ±2% from 3 mR/s to 180 R/s 

which is 10.8 R/hr to 648,000 R/hr which is an impressive range but is a range that the Cs 

calibration source does not fall into [5]. The exposure rate at 30 cm with no attenuation 
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of the beam, according to the calibration table used, is 10,304 mR/hr which is outside of 

the range the company lists in its product specifications. 

The 6 cc ion chamber has exposure rate dependency of ±5% from 0.4 mR/s to 80 

R/s which is 1440 mR/hr to 288,000 R/hr [6]. This range is much closer to what is needed 

for the Cs-137 calibration source, however the source has an exposure rate in that range 

at distances closer than 80 cm. 

To comply fully with the state regulations concerning survey meters, it is 

recommended that the 6 cc Radcal ion chambers be calibrated to Cs-137 and the 

exposure rate of the source be measured and documented. Even with the 6 cc ion 

chamber calibrated to Cs-137, only the measurements done within 80 cm of the source 

will be reliable, thus it is also recommended that a larger calibration source be installed. 
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