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The energy dependence of efficiency and resolution of HPGe and Nal(Tl) detectors using gamma-ray
spectroscopy were investigated in this paper. It was found that the resolution of the detector was
directly proportional to the energy of gamma-ray and its efficiency was exponentially proportional to
the gamma-ray energy. The resolution of HPGe detector (GC2018, diameter 60.5 mm and length 31.5
mm) is better than Nal(Tl) detector (ORTEC 905-3, size 2” x 2”°) and efficiency of Nal(Tl) is larger than

HPGe detector.
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INTRODUCTION

Gamma ray is electromagnetic radiation produced by
nuclear interactions. It is generally characterized as high
energy radiation and short wavelengths within the
electromagnetic spectrum. This high energy can cause
serious damage when absorbed by living cells. Because
of its deep penetration property, shielding of gamma ray
requires large amounts of mass. Usually materials with a
high atomic number and high density are used for better
absorption (Knoll, 1989; Gilmore and Hemingway, 1995).

Gamma-ray spectrometry can be performed using
different types of radiation. Ge-detectors combine high
resolution with low background to an extent not
achievable with thallium activated sodium iodide (Nal)
detectors, despite the latter being widely employed for
gamma-ray spectrometry. Calculating of the amount of
radionuclide present requires knowledge of the efficiency
of the detector in the counting geometry. Several
methods of determining the efficiency in these unusual
geometries have been developed over the years (Hult,
2007; Metzger et al.,, 2002). To quantify the efficiency
variation as a function of energy, measurements have
been made on several coaxial detectors of various crystal
types and sizes in different geometries. The full-energy
peaks from 60 keV to 1.3 MeV were used. In the present
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work, the energy and the range of activity use for each of
these detector types, along with their efficiencies and
energy resolutions were measured. Standard analytical
gamma-ray peak shape codes were evaluated for both
detectors. The goal of this work is to investigate the
characterization of Nal(Tl) and HPGe detectors.

EXPERIMENTAL METHODS

The experiments were carried out in the nuclear laboratory,
Department of Physics, University of Technology, Malaysia using
HPGe and Nal(Tl) detector, gamma rays spectroscopy methods,
lead, copper and aluminum as shielding materials. The
measurements were performed for HPGe detector using multi-
nuclide source produced by Eckert and Ziegler Isotope Products
(www.isotopeproducts.com). The source was obtained in a 500 ml
Marinelli Beaker and activity is 2.995 uCi or 110.8 kBg. The radio
nuclides used were Cd-109, Co-50, Te-123 m, Cr-51, Sn-113, Sr-
137, Y-88, Cs-137 and Co-60. For Nal (TI) detector sources Cs-137
and Co-60 with energy 662 and 1332 keV were used. With these
sources the efficiency and energy resolution for each detector was
determined as a function of gamma-ray energies. The time taken
for data acquisition was 10800 seconds or 3 h. A diagram of the
experimental setup used is shown in Figure 1.

RESULTS AND DISCUSSION

The energy resolution and efficiency of the HPGe and
Nal(Tl) detectors were determined by measuring and
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Figure 1. Block diagram of the experimental setup.
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Figure 2. Resolution of HPGe detector and Nal (TI) detector as function of energy.

analyzing the gamma ray activities of the radioactive detectors was discussed by comparing the parameters.
standard sources. The data obtained was tabulated and Multi-channel analyzer systems were used to collect and
graphically presented. Thus, the performance of both analyze the signal. The spectra were collected from the
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Figure 3. Efficiency of HPGe detector and Nal (Tl) detector as function of energy.

137Ccs and *°Co sources.

Energy resolution and efficiency

The average value of full width at half maximum, FWHM,
corresponds to the resolution of the high purity
germanium (HPGe) and sodium iodide (Nal (Tl)) detector.
It describes how useful the detector is for clearly
separating two adjacent energy peaks and hence, for
unambiguous nuclide identification. Nevertheless, both
detectors display a similar behavior with FWHM
increasing with gamma-ray energy. Figure 2 indicates
FWHM as a function of gamma ray energies for Nal (TI)
and HPGe detectors. It is shown that resolution is directly
proportional to the gamma rays energies. But FWHM is
much smaller in Ge detector compared to the Nal (Tl)
detector. Therefore HPGe offers very good resolution and
is a good instrument for nuclide identification compared
to the Nal (TI) detector.

Efficiency is a measure of the percentage of radiation
that a given detector detects from the overall yield that is
emitted from the source into a solid angle of usually 41 in
the photo-peak. Equation 1 was used to calculate the
efficiency of the detector:
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Where, C, = the total number of counts per unit of time
over the whole recorded spectrum (minus the
background rate); N, = the number of y -rays emitted by
the source per unit of time.

The detector's diameter and thickness define the
sensitivity. Thickness directly influences the energy
beyond which the efficiency starts to decrease sharply.
Figure 3 displays efficiency as a function of gamma ray
energies for Nal (TI) and HPGE detectors. It is shown
that efficiency decreases exponentially with increases in
gamma ray energy. But efficiency is much smaller in the
Ge detector than the Nal (Tl) detector. The Nal (Tl)
detector used has a large area detector and therefore it
has a high probability of detecting y-radiation. The HPGe
detector offers less detection efficiency compared to the
Nal (TI) detector. It means that, HPGe is efficient in
detecting nuclides with lower energy but not nuclides at
higher energy. Na(TI1) detector is a more efficient detector
compared to HPGe detector although it has a very poor
resolution.



Conclusion

High purity germanium detector has better resolution
compared to the scintillation type of detector, Sodium
iodide (Nal). The HPGe detector offers the advantage of
resolving two closely located energy points and has the
ability to detect a mixture of nuclear material. Even
though HPGe has very good resolution, it is less
efficiency than the Nal (TI) detector. Its efficiency
decreases exponentially with energy and only can detect
nuclides with lower energy rather than nuclides at higher
energy.
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