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ABSTRACT 

In this work, using DLTS investigated the influence of oxygen content 

and ytterbium on the efficiency of formation of radiation defects in n-

Si<Yb> irradiated by gamma-quanta of 
60

Co.  It is shown that a high 

content of optically active interstitial oxygen is dominated by the 

formation of the A-center in comparison with the E-center. It was 

found that the presence of ytterbium atoms in silicon leads to a  

slowdown in the process of radiation defect formation: the concentration of A-centers is 2 

times less, and E-centers 5 times less in the samples n-Si<Yb> compared with control 

samples. 
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INTRODUCTION 

It is known that in silicon grown by the Chokhralsky method, exposed to radiation, various 

oxygen-containing radiation defects are formed depending on the impurity composition. In 

addition, the presence of impurities of rare earth elements in the silicon volume leads to an 

increase in the resistance of its parameters to the effects of radiation.
[1-3]

 It is also known that 

the efficiency of formation of radiation defects in silicon and the kinetics of their annealing 
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depend on the presence of various uncontrolled impurities, their content and state in the 

silicon lattice, the presence of several impurities and many other factors.
[4-6]

 

 

MATERIALS AND METHODS  

The aim of this work is to study the effect of oxygen content and ytterbium on the efficiency 

of formation of radiation defects in n-Si<Yb> irradiated gamma-quanta 
60

Со by non-

stationary capacitive spectroscopy (DLTS).  

 

The single crystal silicon of n-type conductivity with resistivity  = 5÷40 Ohm.cm and the 

content of interstitial optically active oxygen NO
opt 

in the range = 2·10
16

÷ 8·10
17

cm
-3

 was 

used as the studied samples. Doping of silicon by rare-earth impurity - ytterbium was 

produced by growing silicon from the melt.   

 

Irradiation of samples was carried out gamma-quanta 
60

Co at 300 K with a flow rate of 

3.4·10
12

 quantum/cm
2
·s. The processes of radiation defects formation in n-Si<Yb> with 

different oxygen and ytterbium content were studied by DLTS on diffusion junctions created 

by high-temperature phosphorus diffusion. The area of the p-n junction did not exceed 0.15 

cm
2
. As an ohmic contact, Nickel was deposited chemically, sometimes antimony or 

aluminum was sprayed. DLTS spectra were measured in constant capacitance
[7]

 and constant 

voltage modes.
[8]

 

 

RESULTS AND DISCUSSION 

Analysis of DLTS spectra shows that the introduction of ytterbium in silicon in the process of 

growing Si from the melt does not lead to the formation of any deep levels in forbidden zone 

of silicon, although according to the neutron activation analysis of ytterbium atoms present in 

the silicon volume in a sufficiently high concentration (2·10
15 

÷ 4·10
17

см
-3

).  This fact 

indicates that the ytterbium atoms introduced during the growing process are electrically 

neutral. 

 

From measurements of DLTS spectra of silicon samples doped with ytterbium in the process 

of growing from melt and control non-doped samples before and after each irradiation cycle, 

the energy spectrum of the formed deep levels is determined. Note that in these samples NO
opt

 

was 8·10
17

 cm
-3

.  
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Typical DLTS spectra of n-Si and n-Si<Yb> samples with different contents of optically 

active interstitial oxygen and ytterbium irradiated with 
60

Co gamma-rays are shown in figure 

1 and figure 2. As can be seen from the DLTS spectra as a result of gamma-irradiation of 

control samples    n-Si with interstitial content of the optically active oxygen NO
opt

 = 8·10
17

 

cm
-3 

introduces a new deep level with an ionization energy of Ес0.17 eV (peak A) and the 

capture cross section of electrons n=110
-14

 cm
2
 (Fig.1, curve 1).   It is established that the 

values of parameters of this deep level coincide with the data of
[1,3]

 and relate to the known 

radiation defect - complex vacancy-oxygen (A-centers). 

 

The features of radiation defect formation in silicon with the content of interstitial optically 

active oxygen NO
opt

 of the order 8·10
16

 cm
-3 

were also investigated.  

 

 

Fig. 1: Typical DLTS spectra of control samples Si with different oxygen content after 

gamma irradiation (curve 1:  NO
opt

 = 8·10
17

 cm
-3

, curve 2: NO
opt

 = 8·10
16

 cm
-3

). 

 

Discovered that the measurements of the DLTS spectra of these control samples of silicon 

(Fig.1, curve 2) showed that gamma-irradiation introduces besides A–centers, and another 

characteristic radiation defect: E-centre with an ionization energy of Ec-0.43 eV and a capture 

cross section of electrons n=1.810
-15

 см
-2

.  The concentration of the E-center in these 

samples at a dose of irradiation D = 810
17

 quantum/cm
2  

is 5.310
13

 cm
-3

 and the 

concentration of the A-center of the order 1.810
13

 cm
-3

,  i.e. about half an order of magnitude 

lower than the concentration of A–center in silicon with a higher oxygen content. 
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Figure 2: Typical DLTS spectra of n-Si control samples (curve 1) and n-Si doped with 

ytterbium (curve 2) after gamma irradiation: (NO
opt

 = 810
16

 cm
-3

). 

 

The influence of ytterbium atoms on the formation efficiency of radiation defects in silicon 

with different content of interstitial optically active oxygen NO
opt

 was also studied.  For fig.2 

shows typical DLTS spectra of the samples n- Si<Yb> with NO
opt

 about 810
16

 cm
-3

 after 

gamma-irradiation.  

 

It is established that as a result of gamma-irradiation in n-Si samples doped with an impurity 

of ytterbium, vacancy - oxygen (A-centers) complexes with a deep level of Ec - 0.17 eV and 

vacancy-phosphorus (E-centers) complexes with a level of Ес- 0.43 eV are also formed. 

 

From the analysis and comparison of the measured DLTS spectra it follows that the presence 

of ytterbium atoms in silicon leads to a slowdown in the process of radiation defect 

formation: the A-center concentration in the samples n-Si<Yb> is 2 times less, and the          

E-center concentration is 5 times less than in the control samples n-Si (Fig.2, curves 1 and 2, 

peaks A and B). 

 

CONCLUSIONS 

Thus, the efficiency of radiation defects formation such as vacancy-oxygen (A-centers) and 

vacancy-phosphorus (E-centers) complexes significantly depends on the content of optically 

active interstitial oxygen and rare–earth impurity (ytterbium). At high oxygen content the 

NO
opt

 = 8·10
17

 cm
-3

, is dominated by the formation A-centers, when the content of the       

NO
opt

 = 8·10
16

 cm
-3

, is dominated by the formation of E-centers. 
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Comparison of DLTS spectra in irradiated control and doped samples shows that the presence 

of ytterbium atoms in the volume of silicon significantly reduces the formation efficiency of 

the detected radiation defects: in doped samples the concentration of A-centers is 2 times 

less, and E-centers 5 times less than in the control samples n-Si. This effect, apparently, 

should be associated with the peculiarities of the interaction of ytterbium atoms with defects 

introduced by irradiation. 
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