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Introduction
• Ideal diamonds are insulators but actually natural and 

synthesis diamonds be can used as semiconductor 
because of impurities.

• Diamond detectors have been developed using natural 
and artificial (CVD) diamonds but they do not have good 
energy resolution because of their lattice defect, 
uncontrolled impurities and etc.

• We have developed synthesis semiconductor diamond 
detectors using diamonds made by high temperature 
and high pressure method.

• These diamond detectors may have ideal character for 
radiation monitor in space radiation environment.



Characteristics
• Wide Band Gap (~5.5eV) --- low noise at room 

temperature & non-response to visible light
• High Resistivity --- low leakage current & high bias 

voltage
• Low Capacitance --- low noise & good energy resolution
• High Binding Energy --- resistance to radiation damage
• Low Z --- low response to gamma-ray & possibility of 

tissue equivalent



Cross Section of Diamond Detector

Detector

Mono-Crystal IIa type 
Synthesis Diamond

ex. 8mm x 6mm x 0.2mm

Al

Au

Diamond

Effective Area 
(a few mm dia.)



Leakage Current

• In case of 
Silicon Detector, 
Leakage 
Current is order 
of 1 nA or more.

• Expected 
higher energy 
resolution.

• Low Power 
Consumption.

2002/10 Diamond detector's leakage current measurements
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Energy Resolution for Alpha-rays 
from 241Am Source

• The energy resolution of our diamond detector is comparable to 
silicon detectors.

Test pulse

5.8[keV]

Diamond detector

15.4[keV]
Energy Resolution  

(FWHM)



Beam Experiments in HIMAC

Beam exit                                                  

SC  

Si(Li) detector

Diamond detector Si calorimeter

Black box
PSD



Energy Resolution for Fe 500 
MeV/u Beams



Simulation with GEANT4

Modeling of our Set up Simulation of 1 particle of Fe:500[MeV]



Comparison with GEANT4

~166[MeV] from Bethe-Bloch

Energy Resolution: 0.0155
Energy Deposition: ~163[MeV]~145[MeV]

0.0172Energy Resolution:

Energy Deposition:

Experiment GEANT4



dE-E Scatter Plot for Fe Beams 
with Various Energy

• The Diamond Detector 
had good response to 
Fe beams with various 
energy.

Stopping Fe

Penetrated Fe

Dia(#0207)

Si-calo#1Beam exit

Lucite

LuciteAl



Polarization Effect

• Diamond detectors which were developed other groups 
had “Polarization Effect” but our detectors overcome 
this problem using certain electric node structures.

• Polarization effect induces decreasing pulse heights of 
output from a detector.

d0301 Polarization effect
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Tissue Equivalent

X-ray                                    
Mass Attenuation Cofficients

Ratio to Water

Proton                

Stopping Power 

Ratio to Water

Electron 

Stopping Power 

Ratio to Water

Graphite

Muscle

TE Gas

Silicon

10-3 10-2 10-1 1           10

Energy [MeV]
10-2 10-1 1         10      102 103

Energy [MeV]
10-2 10-1 1         10      102 103

Energy [MeV]

Carbon has a similar neutron cross section to tissue and these 
diamond detectors may use in neutron radiation environment.

Carbon has a similar response for radiations to water and soft tissues.



Summary

• We have developed synthesis diamond 
detectors.

• The sensitivity and resolution for charged 
particles are very good.

• The diamond detectors have possibility as tissue 
equivalent semiconductor detectors.

• We consider the diamond detector as radiation 
monitor in space environment.


