
Abstract - The responses of two silicon on insulator (SOI) 3D 

microdosimeters developed by the Centre for Medical Radiation 

Physics (CMRP) were investigated with a range of different low 

energy ions, with high linear energy transfer (LET). The two 

microdosimeters n-SOI and p-SOI were able to measure the 

LET of different ions including 7Li, 12C, 16O and 48Ti with ranges 

below 350 µm in silicon. No plasma effects were seen in the SOI 

microdosimeters when irradiated with the high LET ions. A 

Monte Carlo simulation using Geant4 was compared to the 

experimental measurements, whereby some discrepancies were 

observed for heavier ions at lower energies. This discrepancy 

can be partly attributed to uncertainties in the thickness of the 

energy degraders and overlayers of the devices. The 

microdosimetric measurements of low energy 16O ions were 

obtained and compared to a therapeutic 16O ion beam. The 

radiation hardness of the two devices was studied using the Ion 

Beam Induced Charge Collection technique (IBIC). Both types 

of microdosimeters when biased had no essential changes in 

charge collection efficiency (CCE) in the SV after irradiation 

with low energy ions. 1 

I. INTRODUCTION 

n deep space environments where high energy heavy ions 

are observed, their linear energy transfer (LET) spectrum 

is important to be characterized and monitored due to their 

adverse effects on human health as well as electronic 

components. This becomes especially important within the 

interior of the spacecraft. After passing through shielding 

materials, the energy of the incident ions can be sufficiently 

reduced. Additionally, secondary particles with greatly 

reduced energy can be produced. These lower energy ions can 

have very high LET, which can cause biological damage 

when passing through the body of astronauts and cause 

radiation damage in electronic components.  The aim of this 

work was to study the applicability of silicon 

microdosimeters for high LET ion measurements. 

This study was performed using two different silicon on 

insulator (SOI) microdosimeter designs, with one being an n-

type and the other a p-type device. The radiation hardness of 

these two designs was investigated with respect to being 

irradiated by different high LET ions.  

The SOI microdosimeters have the advantage of simpler 

operation and compact size compared to conventional tissue 
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equivalent proportional counters (TEPC) [1].  In addition to 

radiation protection in space, the high spatial resolution 

silicon microdosimeters are desirable in hadron therapy since 

they allow detailed characterization of the beam at the distal 

part of the Bragg peak (BP) where energy of ions is low and 

their LET is high. Currently, ions such as Carbon, Oxygen 

and Lithium are being used and investigated in clinical 

scenarios to perform heavy ion therapy [2]. The effect of 

these low energy primary ions at the distal part of the BP is 

masked by the extensive secondary radiation field generated 

which includes fragments and neutrons produced within the 

target. This work examines the characteristics of a highly pure 

low energy ion beam in the absence of most secondary 

particles and range straggling of the ion beam, contrasting to 

ion beams typical of hadron therapy.  

 

Microdosimetry is a convenient method to obtain the dose 

equivalent of any mixed radiation field. This is particularly 

important for ions since they produce a complex radiation 

field made up of many different secondary fragments, 

neutrons, photons and electrons with a large range of LET. 

Regional microdosimetry is based on the measurement of 

ionizing energy deposited in a micron sized volume of similar 

dimensions to biological cells. The energy deposition event 

by event spectrum in such a volume is called the lineal energy 

deposition(𝑦): = 𝐸/< 𝑙 > , where 𝐸 is the energy deposited 

in a micron sized sensitive volume (SV) with a mean chord 

length < 𝑙 > and the spectrum of stochastic events 𝑓(𝑦) for 

all primary and secondary charged particles.  

 

II. METHOD 

This work involved using two SOI microdosimeters to 

make LET measurements in silicon for low energy ions with 

ranges of less than a few hundred µm in silicon. The 

microdosimetric quantity, the dose mean lineal energy 𝑦𝐷̅̅ ̅ , 
was also calculated and compared to an 16O therapeutic ion 

beam. 
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A. Detector Structures 

The two detectors used in this work are called the Bridge 

and the Mushroom. The Bridge microdosimeter has a total 

sensitive area of 4.1 x 3.6 mm2 and is segmented into three 

sections to reduce the noise by minimizing the capacitance 

and reverse current of each segment. The microdosimeter is 

based on an array of planar 30 x 30 x 10 µm cubic SVs 

fabricated on a high resistivity of 3 kΩ.cm n-SOI active layer 

of thickness 10 µm and low resistivity supporting wafer [4]. 

Fig. 1 presents SEM images showing arrays of the Bridge’s 

SVs. 

 

The Mushroom microdosimeter structure used in this work 

is called a trenched 3D and it consists of 3D cylindrical SVs 

with a core columnar n+ and each SV is surrounded with p+ 

trench to form a p-n junction. The Mushroom microdosimeter 

has a thickness of 9.1 um and diameter of 30 µm fabricated 

on high resistivity p-type silicon (> 10 kΩ.cm).  Each SV is 

surrounded with a trench of air with p+ doping on the outer 

wall, designed to physically eliminate the possibility of 

charge generated outside the SV from being collected. In 

order to electrically connect SVs in an array, two half-moon 

trenches were made by leaving some silicon present for the 

metal contacts between the inner n+ electrodes. Outer Al 

buses were connected to p+ outer electrodes of 3D SVs [3]. 

Fig. 2 shows SEM images of arrays of Mushroom SVs (a) and 

a single SV (b). 

 

 
Fig. 1. SEM images of arrays of Bridge SVs. (a) Array of SVs. (b) Arrays of 

SVs tilted at 45o [4] 

 
Fig. 2. SEM images of 3D Mushroom microdosimeter SVs. (a) Array of SVs. 

(b) Single SV [3] 

 

Both detectors utilise the fact that even and odd rows of 

SVs are read out independently to avoid events in adjacent 

sensitive volumes being read as a single event in the case of 

oblique charged particle tracks. The charge collection and 

response of these detectors has been thoroughly investigated 

and documented in previous works [3], [4]. 

 

 
a) 

 

 
b) 

Fig. 3. Scanning electron microscope cross section images of a) Bridge and 

b) Mushroom microdosimeter 

 

Fig. 3 shows SEM images of the cross sections of the 

Bridge (a) and Mushroom (b) microdosimeters and shows the 

overlayer structures of the devices. The uniformity of these 

overlayer structure thicknesses can affect the accuracy of 

estimating the entrance ion energy reaching the SV. The 

uncertainty of the ion energy when it reaches the SV, 

increases as the LET of the ion increases. With maximum 

values of LET reaching ~6000 keV/µm for Ti, the uncertainty 

of ion energy could be high 

 

B. Low Energy Ion Irradiation 

 

The Heavy Ion Accelerator Facility (HIAF) comprises the 

14UD pelletron accelerator and a superconducting 'booster' 

linear accelerator (LINAC) housed and operated by the 

Department of Nuclear Physics in the Research School of 

Physics and Engineering at the Australian National 

University. Using the 14UD pelletron accelerator, four ion 

species were accelerated with a fractional energy spread of 

less than 4 x 10-4. Table I shows a list of ion species with their 

energy and range in silicon calculated using SRIM [5]. 

 

Using a specially generated low intensity beam (beam 

fluence of approximately 1200 particles/s), irradiations were 

conducted using both the Bridge and Mushroom 3D 

microdosimeters. 

 

Ion 

Species 

Energy 

(MeV) 

Range in 

Si 

(µm) 

LET(Si) at 

max energy 

(keV/µm) 

Max LET(Si) 

(keV/µm) 

Li-7 52 331           92    525 

C-12 70 103           444    1190 

O-16 118 121           643    1663 

Ti-48 170 35           5061    5627 

Table I. Table of ion species with their energy and range in silicon 

 

 
Fig. 4.  ANU Experimental setup, showing both external (left) and internal 

(right) view of the vacuum chamber. 

 



Both the 3D Mushroom and Bridge microdosimeter were 

connected to a low noise spectroscopy-based readout circuit, 

allowing lineal energy measurements as low as 0.15 keV/μm 

in tissue [3]. The shaping amplifier was set on low gain to 

allow the probe to measure up to approximately 15 MeV 

energy range for Li, C and O ions. For Ti ions, due to their 

high LET, the required dynamic range needed to be increased 

up to 80 MeV. Therefore, the charge sensitivity of the charge 

sensitive preamplifier was further reduced by increasing the 

value of the feedback capacitor.     

 

The probe was placed in a fixed position within the vacuum 

chamber, shown in Fig. 4 and differing thicknesses of low 

density polyethylene (LDPE 0.92g/cm3) were loaded into the 

target ladder, which intersects the beam path to the detector, 

allowing for differing positions along the Bragg curve to be 

measured. The thicknesses of the LDPE films were measured 

using a micrometer with an uncertainty of ± 2 µm. Different 

combinations of LDPE thicknesses were attached to Al 

frames which were mounted onto the movable target ladder 

inside the vacuum chamber. Using the target ladder allows 

different film thicknesses to be loaded in front of the detector 

without opening the vacuum chamber. 

 

C. LET Calculations for Low Energy Ions Using Geant4 

and SRIM 

Since the maximum energy of delta electrons for ions used 

in this study is less than 10 keV which correspond to ranges 

of less than 8 µm in silicon [6], the majority of delta electrons 

are contained within the SV region of the microdosimeter and 

the measured energy deposited closely represents the total 

energy lost by the ion in silicon. We define the quantity 

LETMCA, calculated for the experiment and Geant4 

simulation. This differs from the LET provided by SRIM 

which is the theoretical energy lost by the ion in silicon. 

LETMCA is defined as the peak of the highest energy obtained 

in the multichannel analyser (MCA) spectrum divided by the 

SOI active layer thickness of the microdosimeter. The ion 

energy for each experimentally obtained LETMCA value 

corresponds to the energy of the ion after traversing 

polyethylene energy absorber as calculated using SRIM. 

Similarly, the same kinetic energy of the ions was used as an 

input for Geant4 calculations. The thicknesses of the active 

SOI layer Bridge microdosimeter and Mushroom 

microdosimeter are 9.8 µm and 9.1 µm, respectively 

(measured using SEM).   

 

D.  Geant4 Modeling 

 

A dedicated Geant4 (version 10.01) simulation application 

[7], [8] was developed for this study to calculate the energy 

deposition distributions deriving from the incident ion beam 

within the silicon sensitive volumes of the detectors.  

 

The Geant4 Low Energy Physics Package, based on 

Livermore data libraries was selected to describe the 

electromagnetic interactions of particles. The threshold of 

production for e-, e+ and ɣ was set to 250 eV, which is the 

lower limit of validity of this physics model [9], [10]. The 

Geant4 QGSP BIC HP (high-precision) physics list was 

selected to model the hadronic physics processes.  

In order to model interactions taking place within the target 

sensitive volume, both the Bridge and Mushroom 

microdosimeter were accurately modelled within the Geant4 

simulation. The simulation occurs in a vacuum with the 

primary beam generated 50.5 mm from the top of the detector 

with a circular shape 5 mm diameter. 

 

E. Charge Collection Study – Radiation Damage 

 

Radiation damage of the Bridge and Mushroom 

microdosimeters was studied using the ion beam induced 

charge collection technique (IBIC) at the 6 MV accelerator 

SIRIUS, located at the Centre for Accelerator Science (CAS) 

facility at ANSTO. This system includes a Confocal Heavy 

Ion Micro-Probe (CHIMP) which is capable of delivering 

Carbon, Helium and Hydrogen ions with energies of 24 MeV, 

5.5 MeV and 8 MeV, respectively. This beamline is widely 

used for analysing and characterising samples using ion beam 

analysis (IBA) and produces high-current and high brightness 

ion beams with exceptional energy resolution [11]. 

 

The IBIC measurements utilized a microbeam of 5.5 MeV 

He2+ ions and 24 MeV Carbon6+ ions which were raster 

scanned over the surface of the sample. The spot size of the 

microbeam is approximately 1 µm. Energy deposited in the 

microdosimeter was measured using an AMPTEK A250 

charge sensitive preamplifier and a Canberra 2025 Shaping 

Amplifier with 1 μs shaping time. The signal corresponding 

to the beam's position as well as the charge collection for each 

event was processed into an event-by-event list mode file. 

The data was processed into median charge collection image 

maps for spatial correlation of the energy deposition of the 

scanned area [3] The energy calibration was performed using 

a calibrated pulse generator which was calibrated with a 300 

μm thick planar silicon fully depleted Hamamatsu PIN 

photodiode with 100% Charge Collection Efficiency (CCE) 

in response to 5.5 MeV He2+ and 24 MeV C6+ ions. 

 

F. Energy Calibration for the Microdosimeters 

 

The energy calibration for a Mushroom microdosimeter 

was performed using a calibrated pulse generator which was 

calibrated with a planar silicon Hamamatsu PIN diode in 

response to a 5.486 MeV 241Am source. The energy 

calibration for a Bridge microdosimeter was performed using  

3.183 MeV alphas from a 148Gd source which fully stop 

within the  SV. The calibrated pulse generator was then used 

to generate different energy peaks for calibration.   

III. RESULTS AND DISCUSSION 

 

A. LET Study of Low Energy Ions 

 

Fig. 5 shows MCA spectra obtained with the Bridge and 

Mushroom microdosimeter in response to 70 MeV 12C ions 

with 90 µm of polyethylene before the detectors. The 

deposited energy was found by selecting the peak of the 

highest energy for the Bridge and Mushroom 

microdosimeters. Due to the more complicated structure of 

overlayers on the Bridge microdosimeter compared to the 

Mushroom, the MCA spectrum of the Bridge shows multiple 

energy peaks for the low energy ions (high LET).   

 



 
Fig. 5.  MCA spectra obtained with the Bridge and Mushroom 

microdosimeter in response to 70 MeV 12C ion at 90 µm depth in 

polyethylene. Two additional lines were added to mark the peaks being 

chosen for the LETMCA calculation for Bridge and Mushroom 

microdosimeters.   

 

Fig. 6a shows a comparison of LET and LETMCA values in 

silicon for Lithium ions of different energies in silicon 

calculated using SRIM, Geant4 simulation and experiment 

using the Mushroom and Bridge microdosimeters. The 

experimental results for Lithium matched values from SRIM 

better at energies from 20 MeV to 50 MeV. The LETMCA 

values calculated in the experiment were slightly higher than 

those values calculated using SRIM and Geant4 for Li ions 

with energies below 20 MeV. Lithium ions with energy below 

~6 MeV will stop in the detectors (stoppers). Since the 

thickness of the microdosimeter (~10 µm) is used as a 

constant to calculate LETMCA this leads the experimentally 

derived LETMCA to decrease. The same was valid for LETMCA 

simulated with Geant4 at energy lower than ~ 6 MeV because 

of the ions stopping in the SV. The horizontal error bars were 

calculated based on the energy spread of the ion when the 

thickness of the polyethylene absorbers varied between ± 2 

µm from the nominal thickness. The uncertainty of LET 

(vertical error bars) was calculated based on the uncertainty 

in the thickness of the SOI active layer (±0.5 µm) and 

uncertainty of ion energies which is related to uncertainty of 

absorber’s thicknesses included in the horizontal error bars. 

 

Fig. 6b shows a comparison of LET values for Carbon ions 

of different energies in silicon calculated using SRIM, Geant4 

simulation and experiment with the Mushroom and Bridge 

microdosimeters. It can be seen that when the ion energy is 

high, where ions do not stop in the detector, that the 

experimental LETMCA values for both types of 

microdosimeters match the Geant4 simulation reasonably 

well within error bars. When the ion energy decreases from 

passing through the polyethylene absorbers, the experimental 

LETMCA results are slightly higher than the simulated Geant4 

and SRIM results. These discrepancies can be attributed to 

the uncertainty in the thickness of Polyethylene as well as the 

overlayers of the Bridge and Mushroom microdosimeter.  

Moreover, similarly to Li ions, low energy carbon ions below 

~12 MeV will stop in 10 µm thick active layer of SOI 

microdosimeter after passing through the overlayers leading 

to a continuing decrease of the derived LETMCA. 

As we move to heavier ions, such as Oxygen and Titanium 

it can be seen that the discrepancy between the experimental 

and simulated results increases significantly. These 

discrepancies can be attributed to three main sources of 

uncertainty, uncertainty in absorber and overlayer thicknesses 

and non-uniform ionizing energy deposition in a SV when the 

range of the ion is approaching the thickness of the SV. The 

latter is contributing to increasing discrepancies between 

Geant4 simulated LETMCA values and SRIM LET values for 

O ion energy below about 37 MeV and before reaching the 

maximum Geant4 LETMCA value. The effect of the 

uncertainty in the overlayer thickness becomes amplified 

when the LET increases and more energy is lost in the 

overlayer, making the energy of the ion as it enters the SV 

less precisely known. Additionally, there have been very few 

studies measuring such low energy ions with silicon detectors 

which make comparisons difficult. 

 

Fig. 6c shows a comparison of LET values for Oxygen ions 

of different energies in silicon calculated using SRIM, Geant4 

simulation and experiment with the Mushroom and Bridge 

microdosimeter. It can be seen that at the higher ion energies 

that the experimental results for both types of 

microdosimeters match reasonably well with the Geant4 

simulation. As the ion energy decreases, the LETMCA 

measured by the microdosimeters becomes significantly 

higher than predicted by Geant4. For all the other ions, the 

Bridge microdosimeter consistently produces a higher 

LETMCA value than the Mushroom microdosimeter, which is 

expected as the Bridge is thicker and has more overlayers than 

the Mushroom, and this is confirmed by stoppers being 

present for higher ion energy for the Bridge than the 

Mushroom. However, with Oxygen, the Mushroom 

microdosimeter derived higher LET values within the 20-60 

MeV range, which can be attributed to less radiation damage 

within the Mushroom in comparison with the Bridge 

microdosimeter, as Oxygen irradiation was conducted after 

both Carbon and Lithium irradiation on the same devices (see 

radiation damage section below). 

 

Fig. 6d shows a comparison of experimental and Geant4 

LETMCA values for Titanium ions of different energies in 

silicon with calculated values using SRIM for both 

microdosimeters. Due to the very short range and extremely 

high LET of Titanium ions, the uncertainty in absorber 

thickness and the overlayers of the devices lead to large 

discrepancies between the experimental and simulated 

results. Referring to Fig. 3a, it can be seen that the Bridge 

microdosimeter has much thicker and more complex 

overlayers in comparison to the Mushroom microdosimeter 

(Fig. 3b).  Therefore, for higher energies Ti ions, the higher 

LETMCA values measured by the Bridge, compared to 

Mushroom, are expected. Slightly reduced LETMCA 

calculated by Geant4 in comparison with LET predicted by 

SRIM was observed for the ion energy higher than 75 MeV 

because the LET of Ti ions is reducing with fast degradation 

of Ti ion energy as ion traversing the SV in contrast to its 

increasing as in case of Li, C and O ions. This is due to much 

smoother and spread LET maximum (see SRIM LET curve, 

Fig 6d)) vs Ti ion energy in contrast to clear observed sharp 

maximum shifted to very low ion energy for Li, C and O ions.  



This also explains that for about 70 MeV Ti ions, why 

much lower derived experimental LETMCA values were seen 

in comparison with Geant4. Experimentally, Ti ions enter the 

SV with lower energy than calculated by Geant4 due to 

thicker overlayers than assumed in Geant4 simulations. 

Experimental points for 10 MeV Ti ions are related to 

stoppers.   

 

From these results the importance of having minimal 

overlayers, reducing both the thickness and complexity of 

these layers to minimize energy loss uncertainty can be seen. 

At higher ion energies these uncertainties are small, but 

rapidly increase with decreasing energy, and increasing LET, 

of the ions.   

 

B. Microdosimetric Measurements of Oxygen Ions 

 

Fig. 7 shows the dose mean lineal energy 𝑦𝐷̅̅ ̅ distribution 

obtained with the Mushroom microdosimeter and Geant4 

simulation as a function of depth in LDPE for the 118 MeV 
16O pristine BP. It can be seen that the experimental 𝑦𝐷̅̅ ̅ values 

are slightly lower than the simulated 𝑦𝐷̅̅ ̅. This is due to the 

fact that the simulation did not take into account the low 

energy events in the connecting region between the SVs of 

the Mushroom microdosimeter (see blue regions in Fig. 10a) 

[1]. 

 

 

 

 

 

 

 

 

 
   a) 

 
                                                 b) 

 
c) 

 
                                              d) 

Fig. 6.  LETMCA measurements by SOI Bridge and Mushroom microdosimeters with different thicknesses of low density polyethylene (LDPE) for a) 52 MeV 7Li, b)70 

MeV 12C, c) 118 MeV 16O and d) 170 MeV 48Ti ions in comparison with Geant4 simulation and SRIM data. 

 



 

 

 

Fig. 7.  Dose-mean lineal energy 𝑦𝐷̅̅ ̅ distribution obtained with the Mushroom 

microdosimeters (dot) and Geant4 simulation (solid line) as a function of 

depth in LDPE for the 118 MeV 16O pristine BP. 

 
Fig. 8. Microdosimetric spectra measured using the Mushroom 

microdosimeter with 400 MeV/u 16O ion pristine BP beam at 192 mm in 

water (solid line) and 118 MeV (7.375 MeV/u) 16O ions at 180 µm LDPE 

film (dash line). 

 

Fig. 8 shows the microdosimetric spectra obtained 

with the Mushroom microdosimeter at the distal edge 

of the BP of 400 MeV/u and 118 MeV (7.375 MeV/u) 16O 

ions at HIMAC and ANU, respectively.  In the case of the 

400 MeV/u 16O beam, the microdosimetric spectrum is 

more widely distributed over the lineal energy range. 

This broader distribution of the 400 MeV/u spectrum is 

due to the more pronounced secondary radiation field 

made up of many fragments and neutrons. While in the 

case of the 118 MeV 16O ions, the microdosimetric 

spectrum was produced predominantly by oxygen ions 

only, with negligible contribution from fragmentation 

and neutrons due to low energy of the ions while ending 

point of both spectra are the same. Another reason for 

the broader 400 MeV/u spectrum is due to the much 

more pronounced straggling in the range. From the 

pinnacle of the BP in water to the distal 50% value of the 

pinnacle is more than 1 mm for the 400 MeV/u beam 

while the total range of the 7.375 MeV/u beam is only 

~0.2 mm.  

 

C. Radiation Damage 

 

After irradiation with various energies of Li and Ti ions at 

ANU as well as irradiating the device in an IBIC study, it has 

been observed that the leakage current on the Mushroom 

microdosimeter substantially increased from 6 nA to 15 nA 

before and after irradiation, respectively. The Bridge 

microdosimeter was tested with IBIC and was  irradiated with 

Ti ions only and shows a leakage current increase from 0.8 

nA compared to 1.6 nA, before and after, respectively.  

 

 
(a)                                     (b) 

 
Fig. 9.  Median energy maps of charge collection in the Bridge 

microdosimeter at 10 V a) before and b) after irradiation with Ti ions 

 

Fig. 9 shows median energy maps (IBIC study) obtained 

with the Bridge microdosimeter before and after irradiation 

with Ti ions with an integral fluence of about 1x108 cm-2. No 

visible effect of CCE degradation was seen in the Bridge 

microdosimeter. Fig. 10 shows median energy maps obtained 

with the Mushroom microdosimeter before and after 

irradiation. It can be seen that after irradiation, low energy 

events corresponding to uniform charge collection outside of 

the SVs are present. This can be explained due to sufficient 

creation of the buildup charge in the oxide layer over the 

surface of the microdosimeter by low energy ions (Fig. 10b). 

 

 
(a)                                     (b) 

 
Fig. 10. Median energy maps of charge collection in the Mushroom 

microdosimeter at 10 V a) before and b) after irradiation with Li, Ti ions. 

 

Charge buildup in the SiO2 layer produces an inverse layer 

under the silicon oxide in silicon and a depletion region 

approximately 1 μm thick, which leads to partial deposition 



of ion energy and can be seen as low energy events uniformly 

distributed on the surface of the device. To overcome this, 

future versions of the Mushroom microdosimeter will be 

etched out entirely, like the Bridge microdosimeter, to avoid 

low energy events. However, no significant damage causing 

the reduction of charge collection efficiency in the SVs was 

observed in both devices when biased at 10 V.  While in both 

detectors relative leakage current almost doubled, the 

Mushroom detector was irradiated with both Ti and Li ions 

with an integral fluence of about 5x108 cm-2, 5 times more 

than the Bridge microdosimeter.  

 

Following the measurements at ANU a new generation of 

the Mushroom silicon microdosimeter has been fabricated 

and is entirely etched outside of the SVs. The new version of 

the Mushroom has been investigated using the IBIC 

technique with 5.5 MeV He2+ ions revealing no low energy 

events from the passive silicon region connecting the SVs. 

Each of the sensitive volumes has very uniform charge 

collection, in addition to excellent sensitive volume 

definition, without cross talk between the adjacent sensitive 

volumes as seen in Fig. 11: 

 
Fig. 11.  Median energy map of charge collection within the new fully etched 

generation Mushroom microdosimeter at 10V bias. 

IV. CONCLUSION 

 

The responses of 3D silicon microdosimeters developed by 

CMRP were investigated with low energy ions. It has been 

shown that for Li, C and O ions, the experimental results 

matched better with SRIM and Geant4 simulation at higher 

ion energies. The discrepancies are amplified with greater 

thicknesses of polyethylene which cause increased straggling 

of the ions, as well as increasing the uncertainty in the 

absorber thickness. The complexity of overlayers on the 

microdosimeters plays an important role in the accuracy of 

the LET measurements for low energy ions due to uncertainty 

in energy loss.  It has been demonstrated that no plasma effect 

was seen in both SOI microdosimeters when irradiating with 

such high LET ions. The Mushroom microdosimeter has a 

stronger electric field in SV in comparison with the Bridge 

microdosimeter, however build up charge effects within the 

SiO2 has caused low energy events to be shared between the 

SVs of the mushroom microdosimeter. This problem has been 

addressed in the newer design of the mushroom 

microdosimeter.  

 

To achieve more accurate LET measurements, devices 

with thinner, more simplistic overlayers should be adopted, 

something which is not always possible with the current level 

of industrial technology while keeping reliable passivation of 

SVs for field operation of the device. Future work should be 

dedicated to fabrication of 3D SOI microdosimeters, which 

are fully etched and have simpler and thinner overlayers than 

current designs and fabricated on a thinner SOI active layer 

to utilize them for more accurate microdosimetry of ions with 

low energies. 
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