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Abstract 
 
Gamma Spectrometry System is used to measure qualitatively and quantitatively a gamma emitting radionuclide. 
The accuracy of the measurement very much depends on the performance specifications of the HPGe detectors. 
From this study it found that all the seven co-axial HPGe detectors in Radiochemistry and Environment Group, 
Nuclear Malaysia are in good working conditions base on the verification of performance specifications namely 
Resolution, Peak Shape, Peak-to-Compton ratio and Relative Efficiency against the warranted value from the 
manufacturers. 
 

Abstrak 
 
Sistem Spektrometri Gama digunakan untuk mengukur secara kualitatif dan kuantitatif radionuklid pemancar 
gamma. Ketepatan pengukuran amat bergantung kepada speksifikasi prestasi pengesan HPGe. Daripada kajian ini, 
didapati kesemua tujuh pengesan sepaksi HPGe di Kumpulan Radiokimia dan Alam Sekitar, Nuklear Malaysia 
berada dalam keadaan kerja yang baik berdasarkan pengesahan spesifikasi prestasi iaitu Resolusi, Bentuk Peak, 
nisbah Peak-ke- Compton dan Kecekapan relatif terhadap nilai jaminan daripada pengilang. 
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INTRODUCTION 
 
Radiochemistry and Environment Group (RAS) is a group under Waste and Environmental Technology Division, 
Malaysian Nuclear Agency that serves as National Reference Laboratory to provide radionuclide’s activity 
concentration measurement inside a sample. Measurement was performed base on the type of radiation been emitted 
from the radionuclide. One of the most frequently used radio-analytical methods is gamma-ray spectrometry. A 
radionuclide emitting gamma radiation can be measured qualitatively and quantitatively by using an instrument 
namely Gamma Spectrometry System. The accuracy of the measurement very much depends on the performance of 
the various system detectors and one of those well-known and popular types of detector is the High-Purity 
Germanium (HPGe) detector. In order to achieve high quality outcome, the performance of the HPGe detector shall 
be verified against it specifications especially during the installation and commissioning. Normally a “Quality 
Assurance Data Sheet” will be issued for a new system and some critical Performance Specifications would be 
specified in this data sheet. These performance specifications namely Resolution, Peak Shape, Peak-to-Compton 
ratio and Relative Efficiency, shall be tested and verified during commissioning and schedule from time to time to 
ensure the integrity of the counting equipment. This article highlights the important of these performance 
specifications, what are the expected (warranted) figure and outcome of the verification process for seven units of 
HPGe co-axial Detectors used in Radiochemistry and Environment Group, Nuclear Malaysia. 
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TESTING PARAMETERS 

 
Resolution 
IUPAC defines resolution in optical spectroscopy as the minimum wavenumber, wavelength or frequency difference 
between two lines in a spectrum (so do visually spectroscopy) that can be distinguished. Resolving power, R, is 
given by the transition wavenumber, wavelength or frequency, divided by the resolution. [IUPAC, 1997] 
 
Good resolution is prized for two reasons,  
The first reason is so that gamma-rays that are close in energy may be measured separately. When the centroids of 
peaks of good shape are 3 x FWHM (full width half maximum) apart then the individual peaks are clearly separated. 
At the one-fiftieth maximum level and with equal areas in each peak there is negligible overlap, because with a 
Gaussian shape FWFM (full width fiftieth maximum) = 2.38 x FWHM. If equal area peaks were only 1 x FWHM 
apart, then they may be readily identified as a multiplet visually, and software should be able to deco volute into the 
components with good accuracy. 
 
A second reason for seeking high resolution is less critical and concerns spectra containing small peaks on an 
uncertain background. With good resolution, a peak with few counts in it will concentrate those counts into only a 
few channels, and those channels will stand out more distinctly above the background continuum, enabling more 
reliable detection and measurement. This point normally is the reason for preferring HPGe over sodium iodide 
detectors for low-level measurements, even though the sodium iodide is likely to have a greater efficiency of 
counting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Detector resolution. Representation of a Gaussian peak with full width half maximum (FWHM), full 
width tenth maximum (FWTM), and full width fiftieth maximum (FWFM) 
 
To determine the resolution of the detector, place the source on the detector endcap and accumulate a spectrum in 
the Multi Channel Analyser (MCA) so that the reference peak (60Co peak at 1332.5 kev for co-axial detector) has at 
least 10,000 counts in the peak channel to minimize the statistical counting error. Modern commercial software will 
deliver the resolution value in keV when the peak is marked. Figure 1 indicating how the FWHM, full width tenth 
maximum (FWTM), and FWFM can be determined in a Gaussian peak acquired in the HPGe detector spectrum. 
 
Table 1 indicating the resolution value (in keV) for various type of detectors available commercially. In most of the 
cases, resolution is measured over the standard source peak line depending on the energy range of the detector. High 
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energy range (up to 10 MeV) usually use 60Co (1332.5 keV) peak line as performance specification whilst low 
energy range detector (up to 1 MeV) preferably to use 57Co (122 keV) or 55Fe (5.9 keV) as indicator. 
 
Table 1. Detector resolutions (in keV) available commercially 
Detector type Photon energy (keV) 

5.9 122 1332.5 
Coaxial p-type - 0.8 to 1.4 1.7 to 2.5 
Coaxial n-type 0.66 to 1.2 0.8 to 1.4 1.7 to 2.7 
Short n-type  0.3 to 0.5 0.6 to 0.72 - 
Well - 1.1 to 1.4 1.9 to 2.3 
Planar 0.14 to 0.4 0.48 to 0.72 - 
Ultra-low energy  0.14 to 0.16 0.48 to 0.72 - 
Si (Li) 0.16 to 0.25 - - 
Data from Gilmore and Hemingway, 1998 
 
Peak shape 
Peak shape is determined by calculating the ratio of FWTM over FWHM and the ratio of FWFM over FWHM to 
check if there is broadening of peak over time. The ideal and acceptable resolution ratio for FWTM/FWHM is 1.82 
for Gaussian peak and should be ≤ 1.9 in acceptable practice. Whilst, the ideal and acceptable resolution ratio for 
FWFM/FWHM is 2.38 for Gaussian peak and should be ≤ 2.5 in practice. [Gilmore and Hemingway, 1998] Usually, 
FWFM/FWHM is typical not warranted by the manufactures as FWFM value is very much influent by the Compton 
(background) continuum.  
 
Peak-to-Compton ratio 
The measurement of the peak-to-Compton ratio is based on the same energy peak (1332.5 keV) used for the 60Co 
resolution measurement. The ratio as described in the ANSI/IEEE standard, is the number of counts in the biggest 
channel of the 1332.5 keV 60Co peak to the average number of counts in the channels representing the range from 
1040 through 1096 keV, which is part of the Compton region associated with the 1332.5 keV peak. This ratio value 
is analogus to a signal-to-noise ratio. To perform this, accumulate the spectrum until there are several thousand 
counts in the peak channel and then calculate the ratio based on the information in the spectrum.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Peak-to-Compton ratio = A/B.  (a) The general location of A and B (counts on a log scale), and (b) the 
constant nature of the continuum in the B region (counts on a linear scale) 
 
Normally, the calculated peak-to-Compton ratio can be expected to match the quoted specification if the resolution 
specification has been met. A loss in the peak-to-Compton ratio that is not accompanied by a corresponding 
degradation in the energy resolution measurement is probably due to the presence of some absorbing material in the 
vicinity of either the detector or the source, or to 40K background from the concrete walls, or to the presence of some 
other radiation sources. Figure 2 indicating how the value of peak-to-Compton can be calculated. 
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It will be appreciated that the better the resolution, the narrower the peak, the larger the value of 1332.5 keV peak 
channel counts and the greater the peak-to-Compton ratio. Similarly, the larger the full-energy peak efficiency, the 
more counts appear in the peak and again the larger the value of the 1332.5 keV peak channel counts. The larger the 
detector the greater the probability of complete absorption of the gamma ray (capturing all the gamma energy by 
whatever process) and will thus have more counts in the peaks and fewer in the Compton distribution, increasing the 
peak-to-Compton from both ends. Hence a larger full-energy peak and lower Compton continuum (i.e. higher peak-
to-Compton ratio). Values of the peak-to-Compton ratio for 1332.5 keV range from about 40:1 for a small 10% 
relative efficiency detector, to over 90:1 for some very large detectors. [Gilmore and Hemingway, 1998] 
 
Relative Efficiency 
Relative Efficiency is performed base on IEEE Standard 325-1996 test procedures [IEEE Standard Association, 
1996]. Procedure must be followed exactly to achieve meaningful results. To perform this test, place a calibrated 
60Co point source (1% accuracy in activity) at 25 cm from the centre of the front face of the endcap on a line 
perpendicular to the endcap face. The current activity of this source must be calculated on the basis of the 60Co 
decay rate. The absolute efficiency of the germanium detector for 1332.5 keV photons is measured with appropriate 
dead time corrections. The absolute efficiency is given by the ratio of the total counts in the 1332.5 keV peak to the 
total number of source disintegratios during the elapsed live time. (Live time = real time – dead time, including both 
amplifier and analyzer dead time.) 
 
It is suggested that at least 20,000 counts be accumulated in the 1332.5 peaks. The ratio of the absolute germanium 
detector efficiency to the efficiency of a 3 x 3 NaI(Tl) scintillation detector at 25.0 cm (known to be 1.2 x 10-3) is 
calculated. The ratio, expressed as a percentage, is given as the relative efficiency of the detector. 
 
Relative Efficiency = [(peak area) x 100] / [(activity)x(live time) x(1.2 x 10-3)]        …..Eq 01 
 
Where  
 Peak area = number of counts in peak, 
 Activity = disintegratios/second, dps @ Becquerel, Bq 

Live time = Real time minus total system dead time in seconds. 
 
 

MATERIAL AND METHODS 
Source 
Co-60 sealed source with the activity of 1 uCi @ 1st October 1999 from Spectrum Techniques, Oak Ridge, 
Tennessee, USA and sample holder. 
 
Counting System 
Seven high-purity germanium (HPGe) co-axial detectors at Radiochemistry and Environment Group, that were 
characterized to provide 25% efficiency and 1.8 – 1.95 keV at FWHM for the 1332.5 keV gamma-ray line of 60Co. 
The HPGe gamma spectrometries were calibrated accordingly as reported earlier by Yii et al. (2007). 
 
Source was placed 25 cm above the detector endcap in the Gamma Spectrometry System using sample holder and 
counted long enough to accumulate at least 20,000 counts at the 1332.5 keV gamma-ray line of 60Co and repeated 
for every system. 
 
 

RESULTS AND DISCUSSION 
 
Example of Measurement Data and Calculation 
Figure 3 below showing the real time spectrum collected by counting a 60Co source at a distance of 25 cm above the 
coaxial HPGe detector endcap. Colored photopeak is the 60Co peak at 1332.5 keV while the colored continuum 
represents the region from 1040 keV to 1096 keV. 
 
All interested data was accumulated and calculation was performed base on the performance specifications. 
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Figure 3. Measurement spectrum at Gamma Spectrometry System, SSG 10 
 
Resolution & Peak shape 
At peak 60Co @1332.5 keV  
Peak Resolution (FWHM) = 1.65 keV 
FWTM = 3.16 keV 
FWFM = 4.03 keV 
 
There fore 
FWHM = 1.65 keV 
FWTM / FWHM = 3.16 / 1.65 = 1.91 
FWFM/FWHM = 4.03 / 1.65 = 2.44 
 
Peak-to-Compton ratio 
Total counts from 1040 keV (Channel No 8369) to 1096 keV (Channel No 8818) = 15703 counts 
Total channel = 8818 – 8369 + 1 = 450 channel  
Average counts per channel (Compton) = 15703 / 450 = 34.90 counts 
Highest peak count @ 60Co, 1332.5 keV = 2272 counts 
∴ Peak-to-Compton ratio = 2272 / 34.90 
   = 65 to 1 (65:1) 
 
Relative Efficiency 
Activity of 60Co source @ Reference date 1st Oct 1999 = 1 uCi  
Half live of 60Co = 5.273 years (LBNL, 1999) 
At counting date (25th Nov 2013), activity of 60Co =   ??    , 
Using equation At = A0e-λt 

A0 = 1 uCi = 37000 Bq 
λ = 0.6931 / T1/2 = 0.6931 / 5.273 = 0.1314 yr-1 
t = elapse time = 5167 days = 5167/365.25* = 14.15 yr. (2.68 half life has past)  [*Remarks: 1 year = 365.25 days] 
∴ At  = A0e-λt 
    At  = 37000 x e(-0.1314 x 14.15) 
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     = 37000 x e-1.86 
     = 5760 Bq 
Peak area at 1332.5 keV = 32506 counts 
Acquisition Time = 16226.60 seconds (Live Time) 
 
Using Equation 01 above, 
Relative Efficiency = [(peak area) x 100]  /[(activity)x(live time) x(1.2 x 10-3)] 
   = [(32506) x 100] /[(5760)x(16226.6) x(1.2 x 10-3)] 
   = 3250600/112158 
   = 28.98 ≅ 29 % 

 
 

Table 2: Summarize of Measured value against Warranted value for each gamma spectrometry system 
System Code 
(Year Purchased) 

SSG 1 
(1995) 

SSG 2 
(1998) 

SSG 3 
(2009) 

SSG 4 
(2003) 

SSG 5 
(2005) 

SSG 6 
(2004) 

SSG 10 
(2013) 

Acceptable 
in 
practice** 

Performance Specification W* M* W* M* W* M* W* M* W* M* W* M* W* M* - 
Resolution (FWHM) at 
1332.5 keV, 60Co (keV) 1.95 1.76 1.95 1.90 1.8 1.70 1.85 1.62 1.85 1.76 1.85 1.70 1.85 1.65 1.7 – 2.5 

Peak-to-Compton Ratio, 
60Co 55:1 59:1 50:1 54:1 54:1 57:1 56:1 68:1 56:1 60:1 56:1 59:1 56:1 65:1 > 50:1 

Relative Efficiency at 
1332.5 keV, 60Co (%) 25 30 25 29 25 25 25 31 25 26 25 25 25 29 - 

Peak Shape 
(FWTM/FWHM), 60Co 1.98 1.90 1.98 1.94 1.9 1.84 1.9 1.9 1.9 1.86 1.9 1.9 1.9 1.91 

≤ 1.9 
(Value for 
Gaussian 
1.82) 

Peak Shape 
(FWFM/FWHM), 60Co 
***FWFM/FWHM is 
typical not warranted 

2.98 2.66 2.98 2.95 *** 2.44 *** 2.4 *** 2.54 *** 2.7 2.6 2.44 

≤2.5 
(Value for 
Gaussian 
2.38) 

*W – Warranted value; M – Measured value; 
** Data from Gilmore and Hemingway, 1998 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Typical well-defined photopeak found in spectra 
 

During a spectrum analysis, curve fitting is a standard technique in which the parameters of a fitting function are 
varied to best describe the data. The photopeaks for the HPGe detectors are well described by a Gaussian or Normal, 
distribution.  The solid curve in Figure 4 above is a typical example of Gaussian plus background fit to data taken 
from the MCA/detector system that is used in laboratories. The approach taken in curve fitting is to assume that the 
data follow a certain function which contains a number of unknown parameters.  Then the parameters are varied to 
“best fit” the data.  We will be fitting the photopeaks in our gamma spectra, and assume that the photopeak has the 
shape of a Gaussian function due to the gamma ray plus a background.  We will limit our fit to the data around the 
photopeak where these assumptions apply.   
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The root of all spectrum analysis programs is the ability to locate gamma-ray peaks. Poor resolution will cause two 
close photopeaks cannot be distinguished between each other and appear as a summed big peak. To check for 
resolution, the best test would be to determine FWHM, FWTM and FWFM as described above. Check that FWHM 
and then that the ratios of FWTM/FWHM and FWFM/FWHM are acceptable and do a visual check by putting the 
spectrum vertical display scale to log, place the cursor at the peak centroid and compare the peak shapes on either 
side and these should be symmetrical. The display setting is important because even quite significant tails may not 
be seen on a linear vertical scale. 
 
Peak shape with ratio fall within the limits shown above (in table 2) should be regarded as a necessary but not a 
sufficient criterion. If the ratios for FWTM/FWHM and FWFM/FWHM are smaller than the Gaussian values, then 
something is wrong. It could most probably dues to insufficient counts will have been accumulated and the result is 
a statistical accident. On the other hand, if the ratios are bigger than the practice value, it might indicate the peak 
having either a low- or high- energy tail. However, peaks of poor shape, having, for example, either a low- or high- 
energy tail can still give reasonable ratios, as can peaks that are broadened at all three measuring heights.  
 
Low peak-to-Compton ratio will results in poorly defined peaks on the spectrum that may be overlooked during 
spectral analysis. In practice, larger peak-to-Compton means better counting statistics in complex spectra with 
improved ability to measure low-energy peaks in the presence of Compton continuum from higher-energy gammas. 
Low relative efficiency means less counts can be accumulated over the same counting time which yield higher 
counting statistic error.  
 
 

CONCLUSION 
 

From the measurement results, it can be concluded that all the seven co-axial HPGe detectors in Radiochemistry and 
Environment Group, Nuclear Malaysia are in good working conditions base on the verification results of 
performance specifications namely Resolution, Peak Shape, Peak-to-Compton ratio and Relative Efficiency against 
the warranted value from the manufacturers. 
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